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PREFACE

Ultrasound remains one of the most frequently used and valuable modalities for imaging  
and guiding interventional procedures. The number of ultrasound examinations carried out  
world-wide continues to increase and the global sales of ultrasound equipment, both new  
and refurbished, is increasing at some 3-5% each year. The flexibility, ease of use, range of appli-
cations and relatively low cost of the equipment make ultrasound an important investigative 
imaging tool.

The first and second editions of this book, edited by David Cosgrove, Keith Dewbury, Hylton 
Meire and Pat Farrant, were a great success, providing information and advice across the full 
range of diagnostic ultrasound. They were essential reading for those training in ultrasound and 
a source of information for many sonographers and sonologists across the world.

Techniques, hardware and data processing have all evolved and progressed at a rapid rate since 
the second edition of this book was published in 2001. As a result of these developments, ultra-
sound equipment is now available in more sizes, specifications and complexity than ever before 
and this has enabled many different types of clinician to use ultrasound in particular niche areas, 
in addition to the more general imaging function that it has always provided.

The chapters in the two volumes of this book cover all aspects of general ultrasound, as well 
as more specialised areas such as peripheral vascular and ophthalmic ultrasound. Some areas, 
such as musculoskeletal ultrasound, have developed into major applications of ultrasound and 
this is now essential to the management of patients with a wide variety of muscle and joint 
disorders. There has therefore been a significant enhancement of the coverage of these areas in 
this new edition.

Conversely, detailed fetal and maternal obstetric scanning in the mid and final trimesters has 
followed cardiac echography into a separate sphere of expertise. There are many excellent text 
books dealing with these aspects, therefore, the editors felt that a comprehensive review of obstet-
ric scanning was best left to these volumes. However, first trimester problems will still be seen 
by sonographers undertaking general scanning so an account of these is included in this book.

The potential applications of echo enhancing agents, or microbubbles, have developed and 
changed significantly since the publication of the second edition of this book. Originally developed 
to rescue inadequate Doppler examinations, interesting properties of these agents have led to 
potential uses delivering drugs and genes.

The editors of the third edition of Clinical Ultrasound are extremely grateful to the many 
experts in their particular fields of ultrasound who have contributed the authoritative, compre-
hensive and informative chapters that make up this book. In particular, our thanks go to Ian 
Beggs, David Pilling and Norman McDicken, who were responsible for coordinating the musculo-
skeletal, paediatric and physics sections of the book. We are also very grateful to Michael Houston, 
Ben Davie and all the other staff at Elsevier who have worked on the many aspects of publication 
between the first outline discussions and the final published product.

Paul Allan
Grant Baxter
Michael Weston
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INTRODUCTION

The aorta is the largest artery in the body and is divided into tho-
racic and abdominal sections. The abdominal aorta is smaller in 
diameter than the thoracic segment and has major branches sup-
plying blood to the abdominal viscera. Distally, it bifurcates into 
the iliac arteries to supply the pelvis and legs. The main pathologies 
that affect the abdominal aorta are aneurysms and atherosclerotic 
disease. Rupture of an aortic aneurysm is normally fatal and 
accounts for approximately 9000–15 000 deaths in the USA annu-
ally.1,2 Ultrasound is the simplest and most cost-effective method of 
imaging the aorta but its accuracy in identifying the level of major 
branches, including the renal arteries, is less reliable than other 
imaging technologies such as computed tomography (CT) and 
magnetic resonance imaging (MRI).3 With increasing use of 
endovascular grafts to repair aortic aneurysms, vascular surgeons 
require detailed information from CT or MRI regarding the mor-
phology of the aorta before proceeding to elective surgery.4 The use 
of ultrasound has now shifted towards aneurysm detection within 
abdominal aortic aneurysm (AAA) screening and surveillance  
programmes and, to an increasing extent, the surveillance of  
endovascular aortic aneurysm repair. Additionally, ultrasound can 

be used as a non-invasive technique for imaging the inferior vena 
cava (IVC).

ANATOMY OF THE ABDOMINAL AORTA

The abdominal aorta commences at the level of the diaphragm, 
where it enters through the aortic hiatus and lies just in front of the 
spine. It descends slightly to the left of the midline to the level of 
the fourth lumbar vertebra, where it divides into the left and right 
common iliac arteries. The IVC lies to the right of the aorta and can 
be easily distinguished as it has a thinner wall and is often seen as 
an oval or flattened shape when imaged in transverse section. The 
aorta tapers slightly as it descends through the retroperitoneum 
and branches are given off to the abdominal viscera. The anatomy 
of the aorta and its branches is shown in Figure 40.1. Branches of 
the aorta that can be identified with ultrasound include the coeliac 
axis and superior mesenteric artery (SMA), together with the renal 
arteries. The inferior mesenteric artery (IMA) is less frequently seen, 
especially if an aneurysm is present. Accessory renal arteries are 
often missed with ultrasound, this being one of the reasons why 
alternative imaging is required before planning aneurysm repair.3
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AORTIC DIAMETER AND  
AORTIC ANEURYSM

There is no absolute consensus as to what value constitutes the 
upper limit of normal aortic diameter or at what threshold the aorta 
is considered aneurysmal.5 Some authors suggest the diameter of 
the normal aorta is also dependent on age, sex and body size.6 An 
Ad Hoc Committee on Reporting Standards on arterial aneurysms7 
suggested that the normal diameter of the abdominal aorta is 
between 1.4 and 2.5 cm and that an aneurysm is present when the 
aorta exceeds 3 cm in diameter or where there is a permanent local-
ised dilatation of at least 50% compared to the normal expected 
diameter. Other definitions have used the ratio of the diameter of 
a dilatation compared to the expected diameter of an adjacent 
segment.8 A summary of recommendations is shown in Table 40.1.

A population-based study using MRI to define variations in 
aortic dimension in 70-year-old men and women, suggested that 
for men, the dividing line between a normal infrarenal aorta and 
an aneurysm is 3.0 cm.9 The corresponding dividing line for women 
was 2.7 cm. Importantly, an aortic diameter of 3 cm is also the 
threshold used to indicate the presence of an AAA adopted by the 
US Preventive Services Task Force and the UK aortic aneurysm 
screening programmes.10,11 This, however, leaves some patients in a 
potential ‘grey zone’ with aortic diameters of 2.6–2.9 cm. At this 
diameter the aorta would be considered ectatic or mildly dilated. If 
there is a family history of AAA-related disease, or if the patient is 
<65 years, it has been suggested that a further ultrasound scan be 

Figure 40.1 The anatomy of the abdominal aorta and IVC with corresponding ultrasound images. i: Transverse section of the 
mid-aorta (straight arrow), and IVC (curved arrow), lying anterior to the spine (S). ii: Transverse image of the aorta (A) showing the right 
(RR) and left (LR) renal arteries. The superior mesenteric artery is seen (S), with a section of the left renal vein (V) (reproduced with 
permission from Thrush A, Hartshorne T. Peripheral Vascular Ultrasound. How, why and when. 2nd edition. Churchill Livingstone, 2005). 
iii: A longitudinal extended image of the aorta showing the origins to coeliac axis (curved arrow), and SMA (straight arrow). The level of the 
aortic bifurcation is shown by the arrowhead. iv: Transverse image just below the aortic bifurcation showing the proximal common iliac 
arteries (straight arrows). A segment of the left common iliac vein is visible (curved arrow), with the lumber spine (S) seen below.
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Table 40.1 Suggested definitions of normal aortic 
diameter and thresholds to indicate AAA

Author Normal diameter AAA indicated

Sterpetti8 ≥1.5 times suprarenal 
diameter

Johnston7 1.4–2.5 cm ≥3 cm or ≥50% 
localised dilatation

Wanhainen9 Men ≥ 3 cm
Women ≥ 2.7 cm

performed within 5 years to ensure that an aneurysm is not 
developing.5

BACKGROUND AND CAUSES OF 
ABDOMINAL AORTIC ANEURYSMS

The prevalence of aortic aneurysms found in population-based 
screening studies is approximately 4–9% for men and 1% for 
women.12–17 Almost all aneurysms occur in later life after 50 years.18 
Abdominal aortic aneurysms are six times more likely to occur in 
men than in women.19 They are also up to four times more likely to 
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Ultrasound surveillance programmes

Aortic aneurysm risks, size and symptoms

The primary complication of abdominal aortic aneurysm is rupture, 
which in the majority of cases (60–80%) leads to rapid death, and 
even patients who reach hospital alive may not survive.26–28 The risk 
of rupture is related to aortic diameter and increases with size. One 
study demonstrated that the annual rates of rupture of aneurysms 
measuring 5.5–5.9 cm, 6–6.9 cm and ≥7 cm were 9%, 10% and 33%, 
respectively.29 The United Kingdom Small Aneurysm Trial Partici-
pants (UKSAT) and the Aneurysm Detection and Management 
(ADAM) Veterans Affairs Cooperative Study Group in the USA 
each compared the outcomes of surveillance to the outcomes from 
surgery for infrarenal aneurysms measuring 4–5.4 cm in diame-
ter.30,31 They found that the mean risk of rupture of aneurysms 
measuring 4–5.5 cm was approximately 1% per annum and that 
there was no overall survival benefit in offering early surgery com-
pared to surveillance for this group. This was confirmed at 12-year 
follow-up by UKSAT.32 The 30-day operative mortality rates for 
UKSAT and ADAM were 5.4% and 2.1%, respectively, and are in 
line with other published studies.33–35 These trials indicated that 
abdominal aneurysms can be safely kept under surveillance until 
they measure 5.5 cm in diameter.36 Above 5.5 cm the decision to 
undertake surgery will depend not only on the size of the aneurysm 
but also on the general health of the patient. There is evidence that 
the rupture rate of small aneurysms in women may be higher than 
men but there is no clear consensus for offering surgery to women 
at diameters <5.5 cm, or whether to include women in aneurysm 
screening programmes.10,37–39 Interest has also focused on the 
outcome of endovascular repair of small aneurysms of the abdomi-
nal aorta versus surveillance and the results of current trials should 
be available in the near future.40

The growth rate of an aneurysm is broadly related to its size but 
not all aneurysms of a similar size will grow at the same rate and 
some may demonstrate a ‘growth spurt’. For aneurysms measuring 
4.0–5.4 cm in UKSAT the growth rate was 0.33 cm per year.30 
However, larger aneurysms >6 cm in diameter can expand by as 
much as 7–8 mm annually.41 Smaller aneurysms (3–4 cm diameter) 
may grow only 1–2 mm annually.42 It is therefore important that 
operators working in an aneurysm surveillance programme are 
regularly assessed and measurements audited to ensure consist-
ency, as patients may be scanned by a number of different 
operators.

The symptoms associated with aneurysm leakage or rupture 
include back or abdominal pain and acute shock. Ultrasound can 
be used to confirm the diagnosis in the emergency room and many 
emergency physicians are now trained to undertake ultrasound 
scanning of the aorta as an extension of Focused Assessment with 
Sonography in Trauma (FAST).43–45 The concept is to rapidly iden-
tify an aneurysm in a collapsed or unstable patient with abdominal 
or back pain. If an aneurysm is confirmed, the patient can be taken 
to theatre immediately. However, CT scanning is the gold standard 
for detecting a ruptured or leaking aneurysm and if the patient is 
stable, they should undergo a rapid CT scan.

Other risks related to abdominal aneurysms are distal embolism 
of thrombus from the aneurysm sac to the lower limbs. For this 
reason, the possibility of an aortic or popliteal artery aneurysm 
should be considered in a patient presenting with embolic changes 
in the foot or toes, especially in the absence of cardiac arrhythmia.

Renal symptoms can occur due to compression of the ureters 
(frequently the left side) leading to hydronephrosis.

ULTRASOUND SURVEILLANCE 
PROGRAMMES

The majority of abdominal aneurysms are asymptomatic and dis-
covered incidentally during medical examination by palpation or 
by imaging investigations.46,47 Analysis of the results from several 

occur in first-degree male relatives of patients with aneurysms.20 To 
date there is not a clear understanding as to why aneurysms 
develop but it is thought to involve the destruction of structural 
matrix proteins in the aortic wall due to increased local proteolytic 
enzymes capable of degrading elastic fibres as well as interstitial 
collagens.21 The risk factors associated with aortic aneurysm are 
summarised above, but the main modifiable risk factor is smoking.

Some aneurysms exhibit inflammatory changes in the wall with 
thickened adventitia and perianeurysmal fibrosis, which may 
adhere to surrounding structures such as the IVC, ureters and duo-
denum. Approximately 2.5–5% of patients undergoing aneurysm 
repair have clinical features of inflammation.22,23 Ureteral displace-
ment or obstruction is also more prevalent, compared to non-
inflammatory aneurysms.

Aortic aneurysms can become infected and these are termed 
mycotic aneurysms. Mycotic aneurysms can also occur in other 
arteries, especially the common femoral arteries.24 Potential sources 
of infection include systemic infections, malignancy and sepsis 
from cardiac infections, such as bacterial endocarditis. Mycotic 
aneurysms are often saccular in shape and can expand rapidly. 
They may be associated with perivascular inflammation. In rare 
cases primary infection of the aorta may be the cause of the 
aneurysm.

Some aortic aneurysms are associated with less common disor-
ders such as Ehlers–Danlos and Marfan syndromes.

ANEURYSM SHAPES AND TYPES

Aneurysms vary considerably in shape and size (Fig. 40.2). Most 
aneurysms are fusiform in shape and there is uniform dilation 
across the entire cross-section of the vessel (Fig. 40.2Ai and B). 
Approximately 95% of aneurysms of the abdominal aorta are infra-
renal25 and have a variable distance between the renal arteries and 
the start of the aneurysm sac – the neck of the aneurysm. As the 
aorta dilates, it also tends to increase in length; this can result in 
tortuosity that often shifts the aorta to the left of the midline (Fig. 
40.2Aii) or deflects it in an anterior direction. Saccular aneurysms 
exhibit a typical localised bulging of the wall (Fig. 40.2Aiii and C). 
Dissecting aneurysms occur following disruption of the intimal 
lining of the vessel, allowing blood to enter the subintimal space 
resulting in the stripping of the intima from the artery wall. If the 
dissection is partial, large amounts of thrombus may be seen in the 
subintimal space (Fig. 40.2Avi). If there is a complete dissection, a 
false lumen is created and the dissected layer of intima may be 
seen flapping freely in time with arterial pulsation (Fig. 40.2Avii). 
In rare instances, two aneurysmal dilations may be seen along  
the length of the abdominal aorta, separated by a relatively  
normal segment of the aorta, which gives rise to a classic ‘dumb-
bell’ shape when viewed in longitudinal section (Fig. 40.2Aviii  
and D). False aneurysms of the aorta are infrequent and they  
are usually associated with trauma or a leak from a failed graft 
anastomosis after open repair. Thoracic aneurysms can extend to 
the abdominal aorta.

Summary of the risk factors associated with aortic aneurysm

• Age (>50 years)
• Male sex
• History of smoking
• High mean blood pressure
• Family history
• Hypercholesterolaemia
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the Preventive Services Task Force and a consortium of leading 
professional organisations recommend one-time screening with 
abdominal ultrasound for all men aged 65–74 years who have ever 
smoked.10 In the UK, a national screening programme has been 
implemented and will offer one-off screening to all men aged 65 by 
2012. The recommendations for the NHS Abdominal Aortic Aneu-
rysm Screening Programme in England are shown in Table 40.2.11

large trials confirms that population-based screening for men aged 
65–75 years reduces aneurysm-related mortality.48,49 Ultrasound can 
detect almost all abdominal aneurysms and when screening is  
combined with elective surgery, the mortality associated with  
the disease is almost halved.50 If a patient has an aorta measuring 
<2.5 cm in diameter at the age of 65 years, the chances of developing 
an aneurysm within their lifetime are low. In the USA, 

Figure 40.2 Shapes and types of abdominal aortic aneurysms. A: Diagrams showing the different types of aneurysm: i: Fusiform 
infrarenal aortic aneurysm. ii: Tortuous elongated aortic aneurysm with the sac shifted to the left of the midline. iii: Saccular aortic 
aneurysm. iv: Infrarenal aortic aneurysm extending into the iliac arteries. v: Suprarenal aortic aneurysm involving the renal arteries. 
vi: Dissecting aortic aneurysm with a tear between the intima and media allowing blood into the subintimal space where it has 
thrombosed. vii: Dissecting aortic aneurysm in which the intima or media has fully dissected, creating a false flow lumen. viii: Double 
aneurysm of the aorta producing a ‘dumb-bell appearance’. TL, true lumen; FL, false lumen. B: A longitudinal image of a fusiform 
aneurysm. C: An image of a saccular aneurysm showing a localised dilatation of the posterior wall (arrow). D: Ultrasound image of a ‘dumb 
bell’ aneurysm (arrows).
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into the iliac arteries (Fig. 40.4Av and B). Some protocols also 
require a scan of the kidneys to exclude hydronephrosis secondary 
to ureteric obstruction by the aneurysm.

For screening scans the key measurement is the maximum diam-
eter of the aorta, which ideally can be made in the sagittal and 
coronal planes. The shape of the aneurysm and features such as 
tortuosity or dissection should be documented.

Normal appearance

A normal aorta will measure less than 2.5 cm at its maximum diam-
eter (Fig. 40.1); there is usually slight tapering of the abdominal 
aorta from top to bottom and in the longitudinal plane the aorta is 
sometimes seen to curve gently as it lies on the lumbar spine. The 
lumbar spine is usually visible behind the aorta and there is some-
times retroperitoneal tissue between the posterior wall of the aorta 
and the spine; this can cause confusion when attempting to identify 
the position of the back wall of the aorta, especially when scanning 
in a longitudinal plane, as a number of echo boundaries may be 
visible (Fig. 40.5). In these circumstances, turning to a transverse 
section may be of value as the overall circular shape of the aorta 
can be more readily appreciated.

Abnormal appearance

With an aneurysm, the aorta is abnormally enlarged to more than 
3 cm in diameter (Fig. 40.6). Mildly dilated or ectatic aortas will 
measure 2.6–2.9 cm. The length of the aneurysm can vary and may 
involve only the distal segment of the aorta to the bifurcation, or a 
more substantial length, up to the whole of the visible abdominal 
aorta. Thrombus may be imaged as concentric layers within the 

DUPLEX SCANNING OF ABDOMINAL 
AORTIC ANEURYSMS

Objectives of the scan and  
patient preparation

No special preparation is required, although some units use bowel 
preparation to improve visualisation of the aorta; however, for 
screening scans this is rarely necessary. The patient should lie 
supine with the head supported on a pillow. Sometimes the patient 
may have to roll on to one side (decubitus position) to try and  
shift obscuring bowel or gas. The ultrasound system should be 
configured for an aortic investigation or, a general abdominal  
examination set-up with an appropriate scan depth. A low-
frequency broadband curvilinear array transducer is the most  
suitable probe for this investigation. Harmonic and compound 
imaging can improve the image quality (Fig. 40.3).

The aorta is identified by starting with the transducer in a trans-
verse image plane, approximately 3–4 cm above the umbilicus (Fig. 
40.4Ai). The aorta is then imaged in transverse section throughout 
its visible length from the upper abdomen above the coeliac axis, 
or SMA, to the aortic bifurcation. It is normally apparent if an 
aneurysm is present. The liver can act as a useful window to  
visualise the aorta in the region of the coeliac axis but views are 
sometimes either poor or completely inadequate (Fig. 40.4Aii).

The abdominal aorta is then imaged in a longitudinal or sagittal 
plane from the midline along its length to the aortic bifurcation and 
the maximum diameter recorded (Fig. 40.4Aiii). The measurement 
of diameter in the longitudinal plane is often more accurate as it is 
possible to avoid obliquity.

The aorta is next viewed from a coronal scan plane throughout 
its length in a longitudinal view to obtain more accurate measure-
ments of the lateral diameter of the aorta (side to side) (Fig. 40.4Aiv).

It is good practice to assess the proximal iliac arteries in trans-
verse and longitudinal scan planes to exclude an isolated iliac artery 
aneurysm or to define the lower limit of an aneurysm if it extends 

Figure 40.3 Harmonic and compound imaging. A: Standard 
image of a small AAA. B: The use of harmonic imaging has 
improved the image. Note in this example, there appears to be a 
small localised dilation of the wall (arrow).

A B

An example of a local screening programme

The protocol below has been used by the Leicester Vascular Unit and 
is included as an example of a local screening programme, including 
surveillance of iliac artery aneurysms.

Aorta diameter Follow-up and comments

<2.5 cm No further follow-up

<4 cm Yearly

4–4.9 cm 6-monthly*

5–5.4 cm 3-monthly*

≥5.5 cm Refer to vascular surgeon

AAA growth rates Action

>5 mm in 6 months Refer to vascular surgeon
>1 cm in 1 year Refer to vascular surgeon

*If the patient complains of abdominal tenderness or back pain during the 
examination, advice is sought.

Iliac artery diameter Action

>2 cm 1 year

2.5–3 cm 6-month follow-up

>3 cm Refer to vascular consultant

Table 40.2 Surveillance intervals for patients with AAA
NHS AAA screening programme

Aortic diameter
Follow-up interval and 
comments

3.0–4.4 cm 1 year
4.5–5.4 cm 3 months

≥5.5 cm Refer to vascular surgeon
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Figure 40.4 Transducer positions for imaging the aorta and IVC (A). i: Transverse image of the mid-aorta and IVC. ii: Imaging 
through the liver to identify the proximal aorta and IVC. iii: Sagittal image of the aorta. iv: Coronal imaging plane. v: Imaging the aortic 
bifurcation in longitudinal plane from a right oblique position enables both common iliac arteries to be seen in the same image.  
B: Ultrasound image at position v to show the aortic bifurcation and the right (R) and left (L) proximal common iliac arteries.
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Figure 40.5 Localising the posterior wall of the aorta. The 
posterior wall of the aorta (arrow) can sometimes be difficult to 
clearly define as shown in this image. It may be mistaken for the 
anterior margin of the spine (arrowhead). Turning into a transverse 
plane may give a better appreciation of the boundary.

Figure 40.6 Abdominal aortic aneurysm, transverse section. 
Thrombus is seen within the sac (curved arrow). The position for 
measuring the anteroposterior diameter from outer wall to outer wall 
is shown by the arrows. Note that an attempt to measure the 
transverse diameter (arrowheads) would not be accurate as the 
aortic walls lie parallel to the ultrasound beam and are not clearly 
defined.

Scanning AAAs. A summary of the key features that may be required 
in a report

• Maximum diameter of the aneurysm.
• What is its shape (fusiform, saccular etc.)?
• Can the extent or length be defined (infrarenal, suprarenal, or 

involving the aortic bifurcation and/or iliac arteries)?
• Does the sac contain a large amount of thrombus?
• Is there tortuosity?
• Other relevant features: dissection, mobile flaps, inflammation.
• Any limitations of the scan, stating clearly what measurements 

were made and from what positions. Measurement can be 
ambiguously reported and the overall length of an aneurysm may 
be mistakenly interpreted as its diameter.

Note: for screening scans, only the diameter is necessary.

lumen which have differing degrees of echogenicity, depending on 
its age and degree of organisation. Localised liquefaction of the 
thrombus can occur and appears as hypoechoic areas within the 
thrombus. This appearance can be confused with a dissection, 
although there is usually a thick layer of thrombus separating the 
liquefied region from the patent lumen (Fig. 40.7). It is sometimes 
possible to see a mobile flap of thrombus or intima moving in time 
with arterial pulsation (Fig. 40.8).
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Figure 40.7 Thrombus liquefaction. A: The B-mode image 
suggests a possible dissection of the aorta (arrow). B: Colour 
Doppler demonstrates no flow within this region which represents 
an area of thrombus liquefaction.

A B

Figure 40.8 Adherent thrombus. The patient presented with 
embolic changes in his feet. Imaging of the aorta demonstrated a 
mobile area of thrombus (arrow) moving with arterial pulsation. This 
was thought to be the likely source of the emboli as other causes 
had been excluded.

Figure 40.9 Tortuosity of the aneurysm neck. Marked tortuosity 
is seen in the neck of an aortic aneurysm, giving rise to a ‘swan 
neck’ appearance (reproduced with permission from Zwiebel W and 
Pellerito J. Introduction to Vascular Ultrasonography, 5th edition. 
Saunders, 2005).

The shape of an aneurysm can vary, as shown in Fig. 40.2A. As 
the aorta dilates it can also elongate, resulting in kinking of the 
posterior wall, especially at the level of the proximal neck, which 
may be mistaken for an atherosclerotic stenosis. The aneurysm may 
deflect in an anterior direction with tortuosity of the proximal 
segment of the abdominal aorta, sometimes described as a ‘swan 
neck’ appearance (Fig. 40.9). It can be very difficult to demonstrate 
the level of the renal arteries in these circumstances.

A partial intimal tear may be undetected, as blood that has leaked 
into the wall may be mistaken for mural thrombus. In a full dissec-
tion, flow will be observed in the false lumen, which is separated 
from the true lumen by a flap of intima and, sometimes, the media 
of the arterial wall (Fig. 40.10).

Inflammatory aneurysms demonstrate a hypoechoic area of ill-
defined inflammatory tissue and fibrosis surrounding the aorta. 
However, this appearance can be confused with the presence of 
para-aortic lymph nodes. Mycotic aneurysms often have a saccular 
appearance, which may be associated with an area of adjacent fluid.

Many iliac artery aneurysms are seen as an extension of aortic 
aneurysms but occasionally an isolated iliac aneurysm may be  
seen with a relatively normal section of iliac artery proximal to the 
aneurysm (Fig. 40.11).

The ultrasound diagnosis of a leaking aneurysm is extremely 
difficult, although it is sometimes possible to identify fresh blood 
or haematoma as hypoechoic or anechoic areas associated with the 
aneurysm in the retroperitoneal space (Fig. 40.12). Other imaging 

Figure 40.10 Aortic dissection. A: Transverse image of an aortic 
dissection (arrow) that has occurred in an abdominal aortic 
aneurysm. B: Colour Doppler demonstrates flow in the false lumen 
(arrow).

A B

techniques, such as CT and MRI, are better suited for excluding 
leaking aneurysms, providing the patient is in a stable condition. 
In some instances, aneurysms can rupture into the duodenum or 
the inferior vena cava producing aorto-enteric or aorto-caval 
fistulae.

Variability of measurement between 
ultrasound and CT

It is not uncommon to find variation in the reported diameter of an 
aneurysm of the abdominal aorta on CT and ultrasound. The 
maximum diameter is consistently larger when measured by CT 
compared to that measured on ultrasound.51,52 One possible reason 
for this may be that in CT the maximal diameter is measured in any 
direction, whereas in ultrasound it is often only the anteroposterior 
dimension that is measured. This is why it is good practice to obtain 
a lateral diameter from a coronal scan plane. A second possible 
reason is that the aneurysm may be angled in relation to the scan 
plane and CT will obtain an oblique diameter, although modern 
data reformatting techniques should avoid this discrepancy. With 
ultrasound it is possible to orientate the scan plane to avoid oblique/
elliptical measurements (Fig. 40.13).
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Measurement of aneurysm size

For aneurysm screening programmes, the maximum diameter is the 
only measurement that is required. Most studies have recom-
mended measurement of the anteroposterior diameter from outer 
wall to outer wall (Fig. 40.6), which is similar to the measurement 
on a CT image.30,34,53 Measurements of the aortic diameter are gener-
ally more accurate in a longitudinal plane as it is possible to correct 
for obliquity of the course of the vessel (Figs 40.13 and 40.14). In 
order to find the maximum diameter in the longitudinal plane, the 
transducer should be swept across the aorta from one side to the 
other until the widest point is seen and a number of measurements 
then made. Ultrasound measurements of the transverse diameter 
of the aneurysm can be prone to error as the lateral vessel walls are 
parallel to the ultrasound beam and are therefore not well defined, 
as shown in Figures 40.3 and 40.6.54 The lateral, side-to-side 
diameter of the aorta is most accurately measured from a coronal 
position (Fig. 40.14). Again, it is possible to correct for obliquity in 
this plane.

Distance between the renal arteries and 
aneurysm sac (neck length)

It can be difficult to see if an aneurysm is juxta- or suprarenal in the 
transverse plane as the renal arteries can be difficult to visualise, 
especially in obese patients.55 The technique is shown in 
Figure 40.15. If the renal arteries are difficult to image, the origin of 
the SMA is a useful landmark as the renal arteries usually lie within 
2 cm of the SMA origin.56 If the aneurysm starts below this level, it 
is unlikely to involve the renal arteries. However, a potential  
pitfall occurs if there are accessory or polar renal vessels arising 
distal to the main renal artery, as these are not easily seen with 
ultrasound.

Figure 40.11 Iliac artery aneurysms. A: Longitudinal view of an 
aortic aneurysm (Ao) and a common iliac artery aneurysm (I), 
separated by a relatively normal segment of proximal common iliac 
artery (arrow). B: Transverse image of large left and right common 
iliac artery aneurysms (arrows). S, spine.
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Figure 40.12 Ruptured abdominal aortic aneurysm. A: An aneurysm has ruptured into the left retroperitoneal space (small arrows). 
The haematoma (large arrows) is seen adjacent to the aorta. B: Colour Doppler shows flow through the defect in the aorta into the patent 
component of a false aneurysm.

A B
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Limitations and pitfalls

Apart from the limitations discussed above, the main problem for 
ultrasound assessment of an aneurysm is inadequate views due to 
bowel gas. A potential error can occur if an oblique measurement 
of a tortuous vessel is misinterpreted as the diameter. Another 
pitfall is to mistake the lumbar spine for an aneurysm (Fig. 40.16). 
This normally occurs when non-trained or occasional operators 
perform the scan in unsupervised or non-accredited centres.

TREATMENT FOR AORTIC ANEURYSM

Open repair

Open surgical repair of aortic aneurysms involves using straight 
tube grafts or bifurcating grafts if the aneurysm extends into the 
iliac arteries. The graft is sutured into position and the sac closed 
around the graft. Postoperatively, patients normally spend at least 
a day in intensive care and usually leave hospital 10–14 days after 
surgery. The elective mortality rate for open repair is in the region 
of 5%; suprarenal aneurysms have a higher rate of perioperative 
and postoperative complications.

Endovascular repair

Endovascular aneurysm repair was first described in the early 
1990s.57 The latest generation of commercially available grafts are 
made of synthetic material such as Dacron and polytetrafluoroeth-
ylene (PTFE), supported on an expandable metal framework of 
nitinol or stainless steel to prevent kinks and twisting. Bifurcating 
grafts are the most commonly deployed devices (Fig. 40.17A). The 
graft consists of the main body and one complete limb together with 
a short stump for the second limb. The graft is introduced via an 
arteriotomy made in the femoral artery and deployed in the aorta 
to exclude flow into the aneurysm sac. The second limb is delivered 

B A

Spine

Figure 40.14 Three views of an aneurysm. A: Transverse 
image. The anteroposterior (AP) diameter is measured from the 
outer wall to the outer wall (callipers). B: A sagittal image, 
demonstrating the calliper positions to measure the aneurysm in 
this plane. C: A coronal image. The IVC is shown by the curved 
arrow. (Reproduced with permission from Thrush A, Hartshorne T. 
Peripheral Vascular Ultrasound. How, why and when. 3rd edition. 
Churchill Livingstone, 2009.)
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Figure 40.13 Measuring the true anteroposterior diameter. 
The aorta is deflecting in an anterior direction, therefore scanning in 
a transverse plane along line A will result in an oblique/elliptical 
image of the aorta, resulting in overestimation of the diameter. The 
transducer should be tilted to measure the correct diameter along 
the direction of line B (modified from Thrush A, Hartshorne T. 
Peripheral Vascular Ultrasound. How, why and when. 2nd edition. 
Churchill Livingstone, 2005).
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Not all aneurysms are suitable for endovascular repair. This can 
be due to aneurysm tortuosity, excessive proximal neck diameter, 
limited proximal neck length, or severe iliac disease preventing 
access. Postoperative recovery is usually very quick following 
endovascular repair, with patients being discharged within 2–4 
days. The Endovascular Aneurysm Repair Trial 1 (EVAR 1) reported 
a reduction of two-thirds in 30-day postoperative mortality com-
pared to open repair.58

Complications of endovascular  
aneurysm repair

Although endovascular repair is less traumatic for the patient, the 
EVAR 1 trial also found that by 4 years, 40% of patients who had 
undergone endovascular repair had suffered a complication and 
that 20% had required reintervention, including the correction  
of endoleaks. An endoleak is defined as persistent blood flow  
outside the graft and within the aneurysm sac.59–64 The classification 
of endoleaks is shown in Table 40.3 and a diagrammatic representa-
tion is shown in Figure 40.18 with a CT image of an endoleak. In 
the presence of an endoleak or other graft-related complication in 
which the aneurysm sac has not been fully excluded, the aneurysm 
sac can continue to expand and ultimately rupture, although the 
risk is relatively low at approximately 1% and approximately half 
the patients survive the rupture.61–63 It is recommended that patients 
should undergo surveillance to detect endoleaks or other complica-
tions so that they can be managed and corrected in a timely 
manner.64 Current evidence suggests that type I and III endoleaks 
may be more closely linked with rupture than type II leaks, although 
type II leaks have also been associated with rupture, especially if 
there has been continued growth in sac size.63,65 Type I and III 
endoleaks can be treated by insertion of further covered stents or 
collars. Significant type II leaks can be embolised if they are acces-
sible via catheter angiography.

Other graft complications are shown in Table 40.4 but not all of 
these can be monitored or surveyed with ultrasound.

ULTRASOUND SURVEILLANCE OF 
ENDOVASCULAR ANEURYSM REPAIR

The primary role of surveillance following endovascular aneurysm 
repair is the detection and grading of endoleaks. Duplex ultrasound 
is a useful method of detecting endoleaks following endovascular 
repair and can complement CT in surveillance programmes.66–68 
Whilst studies indicate that ultrasound is not as sensitive as CT for 
identifying endoleaks, it has good specificity and in particular is 
able to detect almost all type I leaks, which are more clinically 
important. An example of a surveillance protocol for endovascular 
aneurysm repair patients is shown in Table 40.5. Apart from cost-
effectiveness and convenience, another major advantage of ultra-
sound is that the patient is exposed to fewer CT scans and associated 
contrast injections over the surveillance period. Improved endoleak 
detection has been reported with the injection of ultrasound-
enhancing contrast agents although a second bolus of contrast or 
continuous infusion may be required to image the whole sac.69,70

Practical scanning of EVAR grafts

It is important to optimise the scanner controls so that the system 
is sensitive for detecting low-velocity flow. The colour image may 
be noisy with flash artefacts and bowel movement but without 
careful optimisation it is possible to miss endoleaks. Ultrasound 
images of EVAR grafts, endoleaks and other graft-related complica-
tions are shown in Figures 40.19 and 40.20.

separately via the contralateral common femoral artery and located 
appropriately into the main graft. As the devices are modular, it is 
possible to add extensions to the limbs to exclude iliac artery aneu-
rysms. The use of fenestrated grafts that can be deployed across  
the renal arteries can overcome the problem of treating juxta- or 
suprarenal aneurysms. Aorto-uni-iliac systems can be deployed in 
situations where one of the iliac arteries is diseased, occluded, 
excessively tortuous or aneurysmal. Plugs or occluder devices are 
used to prevent back flow into the aorta through the bypassed iliac 
artery (Fig. 40.17B).

Figure 40.15 Measurement of the length of the proximal neck 
of an aneurysm. The SMA origin acts as a useful landmark as the 
renal arteries normally lie within 2 cm of its origin (line C). If the 
aneurysm starts below this level, the renal arteries are unlikely to be 
involved. However, accessory or polar vessels may arise from the 
sac. The left renal vein (RV) can be seen in cross-section as it 
passes over the anterior wall of the aorta (reproduced with 
permission from Thrush A, Hartshorne T. Peripheral Vascular 
Ultrasound. How, why and when. 2nd edition. Churchill Livingstone, 
2005).
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Figure 40.16 Mistaking the spine for an aneurysm. In this 
image from a thin patient, the image depth has been set too deep 
and the lumber spine (Spine) mistaken for the aorta (A). The IVC is 
also visible (V).
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Figure 40.17 Images of EVAR grafts. A: A bifurcating system. The position of the modular limb is shown (arrow). B: An aorto-uni-iliac 
system. In this example an occluder or plug has been deployed in the common iliac artery to prevent back flow into the aneurysm sac 
(curved arrow). A femoro-femoral crossover graft provides flow to the contralateral leg (straight arrow). (Images modified from Thrush A, 
Hartshorne T. Peripheral Vascular Ultrasound. How, why and when. 3rd edition. Churchill Livingstone, 2009.)

 BA

Table 40.3 Classification of endoleaks

Type Ia and Ib: Attachment site leaks. These occur at the proximal (Ia) or distal attachment sites (Ib) when there is an inadequate seal 
between the device and the aortic or iliac artery wall, respectively. Colour flow imaging demonstrates evidence of flow, often in the form 
of a jet at the point of the leak, filling part of the aneurysm sac (Fig. 40.20A). The amount of flow in the sac can be variable and may 
involve a large volume. Type Ic occur when there is a leak around an iliac occluder plug (Fig. 40.17B).
Type II: Collateral endoleaks involve some filling of the sac via lumbar vessels or the inferior mesenteric artery or accessory renal 
arteries (Fig. 40.20B and C). Type IIA are simple to-and-fro single branch leaks (Fig. 40.22A). Type IIB leaks represent flow through the 
sac with two patent vessels (Fig. 40.22B).
Type III: Leaks between the modular limb and main body of the graft or tears in the graft. This type of leak is rare.
Type IV: Thought to occur due to graft porosity or ‘sweating’ of graft material, leading to progressive increase in sac size within the 
first month. It is not possible to image this type of leak in real-time, but serial surveillance scans may show a progressive increase in the 
diameter of the aneurysm sac. This type of leak is thought to be less common in the new generation of grafts.
Endotension has been classed as a fifth type of leak. This is described as a persistent or recurrent pressurisation of the sac without a 
visualised endoleak. This can lead to expansion of the sac and potential rupture. The causes of endotension are uncertain. In practice, 
some cases of endotension could be due to a very small, undetected endoleak.
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Figure 40.18 Endoleaks after endovascular aneurysm repair. A: Diagram of different types of endoleaks. Type Ia and 1b, attachment 
site leak, Type II, collateral endoleaks from the inferior mesenteric artery or lumbar vessels. Type III, failure of modular limb seal or graft 
fabric. Type IV, endoleaks due to porous/leaky graft material, are not demonstrated in this diagram (modified from Thrush A, Hartshorne T. 
Peripheral Vascular Ultrasound. How, why and when. 2nd edition. Churchill Livingstone, 2005). B: CT scan of an endoleak (arrow).
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Scanning technique

1. Start the scan in a transverse section in the middle of the sac 
using B-mode imaging alone. For bifurcating devices, it is 
usual to see the two limbs, which usually lie adjacent to each 
other (Fig. 40.19C); they may be seen to spiral around each 
other as the probe is moved down the sac. If poor images are 
obtained, the patient may need to be scanned in a lateral 
decubitus position.

2. The graft is followed up the sac in transverse section. For 
bifurcating devices, the bifurcation of the graft should be 
identified (Fig. 40.19B). The upper body of the graft and the 
native aorta at the level of the renal arteries should be 
examined.

3. The graft is then followed distally to the aortic bifurcation and 
iliac arteries, especially if iliac aneurysms have been excluded 
by the graft. Anechoic areas in the aneurysm sac should be 
identified and should be scrutinised carefully with colour 
Doppler imaging to exclude leakage.

4. The aorta is imaged in longitudinal section and any abnormal 
features identified, particularly any evidence of device 
migration (Fig. 40.20D).

Optimisation of scanner controls to detect endoleaks

• Set pulse repetition frequency (PRF) or colour scale to 1–1.5 kHz.
• Increase colour sensitivity/gain.
• Set wall filter to a minimum level.
• Use write zoom to image the area of interest to maintain  

frame rate.
• Apply some tilt of the transducer if imaging in transverse section 

to obtain a Doppler angle to the aorta.

Table 40.4 Other EVAR device related complications

Complication Comment

Graft limb occlusion or 
stenosis

Easy to assess with ultrasound 
(Fig. 40.20E)

Graft migration Difficult to assess with ultrasound 
unless there has been a 
significant migration (Fig. 40.20D)

Stent strut fracture leading 
to structural failure

Assessed with plain films

Table 40.5 A suggested surveillance protocol for 
the surveillance of EVAR patients

Time Scan type Comment

Pre discharge 
from hospital

Duplex Bowel gas can 
be a problem

1 month Duplexa

3 months CT
6 months Duplexa

9 months Duplexa

1 year CT
Then 6-monthly Duplexa CT if significant 

problem detected

aIf there is an increase in sac size ≥0.5 cm the responsible clinician 
should be alerted and alternative imaging such as CT may be required.

5. The aorta is then scanned in transverse section using colour 
Doppler imaging. There should be colour filling within  
the graft but no flow visible in the sac outside the device  
(Fig. 40.19F). The transducer should be tilted with respect to 
the graft to maximise the Doppler angle and colour signal 
(Fig. 40.21). If the neck of the aneurysm is clearly visible, the 
proximal neck diameter should be measured to monitor any 
increase in size due to progression of aneurysmal disease.
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Figure 40.19 Images of a successfully deployed EVAR graft. A: Transverse image of the main body. B: Transverse image at the 
device bifurcation. C: Transverse image showing both graft limbs. D: Longitudinal image showing the graft limbs lying on top of each other 
but in many cases they lie side by side, as shown in example C. Note that mirroring artefact can sometimes be seen below the strongly 
reflecting graft walls, as shown by the curved arrow. This aneurysm also had an inflammatory component, as demonstrated by the outer 
cuff (straight arrow). E: Longitudinal colour Doppler image of an aorto-uni-iliac device. F: Transverse colour image of an EVAR graft. The 
IVC is visible (curved arrow).

A B

D E

C

F

6. Colour Doppler imaging in longitudinal section using sagittal 
and coronal planes is used to examine flow through the 
device and to identify any areas of flow disturbance, stenosis 
or occlusion that could be caused by kinking of the graft, 
especially in relation to the limbs of the graft as they run into 
the common iliac arteries, or at the distal attachment sites 
(Fig. 40.19D). Spectral Doppler is used to assess the flow in 
the graft limbs and any abnormal areas shown on the colour 
Doppler image.

7. The maximum diameter of the aneurysm sac should be 
recorded in transverse, longitudinal and coronal planes, so 
that changes in size can be assessed on serial scans.

8. For aorto-uni-iliac devices, it is especially important to ensure 
that there is no flow in the contralateral occluded common 
iliac artery that might be leaking back into the sac around any 
occluder devices or plugs (Fig. 40.17B). Flow in associated 
iliofemoral or femoro-femoral crossover grafts should also be 
assessed.
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Figure 40.20 Types of endoleak and graft complications. A: Conjoined longitudinal image showing a type Ia endoleak (arrow) from 
the proximal end of the graft and exiting through the IMA (curved arrow). B: Transverse image of a type II endoleak demonstrating 
perfusion of the sac (arrowhead) via a patent lumbar artery (straight arrow). The two graft iliac limbs are demonstrated by the curved 
arrows. C: Transverse image of a small type II endoleak from the inferior mesenteric artery (arrow). D: An example of graft migration. 
The proximal end of the graft (arrow) is now in the sac and is not making contact with the posterior aortic wall. E: The left graft limb 
(arrow) has occluded as no flow is demonstrated. It is important to optimise the image as shown in Figure 40.21 before reporting 
this finding.
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Limitations and pitfalls

The main limitation for ultrasound is inadequate visualisation of 
the sac and graft due to obscuring bowel gas or obesity. The graft 
material is a strongly reflecting boundary and mirroring artefacts 
may be seen behind the graft material, which may be mistaken for 
an endoleak (Fig. 40.19D). To clarify this situation, the aorta should 
be assessed from a number of different angles to see if any sus-
pected leak remains in the same position with respect to the graft.

Doppler flow patterns and endoleaks

It is possible to observe different spectral Doppler waveform pat-
terns associated with endoleaks.71,72

Firstly, to-and-fro spectral waveforms, similar to the type seen in 
a false aneurysm (Fig. 40.22A), can be observed when there is only 
one point of communication into the aneurysm sac. This pattern is 
often recorded in type II branch leaks but can occur in both type I 
and type III leaks. The colour Doppler image often shows forward 
and reverse flow across the entry point in the systolic and diastolic 
phases, respectively. It has been suggested that this type of endoleak 
is more likely to thrombose spontaneously. As a personal observa-
tion the timing of the onset of the systolic phase in type II endoleaks, 
adjacent to the entry point, may be slightly out of phase with the 
systolic pulse in the graft, as shown in Figure 40.23.

Secondly, it is possible for both an entry point and an exit point 
to be present, so that there is net flow across the sac (Fig. 40.22B). 
Colour and spectral Doppler can be used to determine the flow 
direction; for example, if it is from the inferior mesenteric artery to 
a lumbar artery or vice versa (Fig. 40.22B). It has been speculated 
that these leaks are less likely to spontaneously thrombose, espe-
cially if there is high velocity within the leak (>100 cm/s).72

Long-term surveillance and sac size

Normally, in the absence of any significant complications, many 
aneurysm sacs slowly shrink in size and can eventually disappear 
altogether. Some sacs remain a similar size to the original aneurysm. 
Increasing sac size is more commonly associated with an endoleak.73 
If a number of sonographers are involved in the surveillance  
programme, it is important that they all follow the same  
protocol for measuring the maximum diameter of the sac size,  
otherwise significant discrepancies could be recorded between 
sequential scans.Figure 40.21 Colour Doppler and endoleaks. A: In order to 

demonstrate flow in the graft or detect an endoleak in the 
transverse plane, it is usually necessary to tilt the transducer from 
position (A) to (B) as shown in diagram (C), so that the angle of 
insonation is <90° relative to the device and sac. In position A, flow 
cannot be seen in the left graft limb arrow. Optimum imaging in 
plane B demonstrates flow in both limbs but no evidence of 
endoleak.

A B

A         B

C

Figure 40.22 Collateral endoleaks. It is possible 
to observe different spectral flow patterns 
associated with endoleaks. In example A, there is 
blind ending in the sac and a to-and-fro waveform 
similar to the type associated with false aneurysms 
is seen. In example B, there are separate entry and 
exit points and the Doppler waveform demonstrates 
net flow from a lumbar artery to the inferior 
mesenteric artery.

A

A AB

B

B
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Waveform appearance

The suprarenal aortic spectral waveform demonstrates a rapid 
systolic upstroke and a degree of forward flow during diastole due 
to perfusion of the kidneys from the upper aorta. The infrarenal 
waveform usually has a reverse flow component during the diasto-
lic phase, similar to that seen in the iliac vessels, and a biphasic or 
even triphasic flow pattern may be observed as seen in the lower 
limbs at rest (Fig. 40.24). The peak systolic velocity recorded in the 
aorta of individuals aged approximately 60 years has been reported 
as 45 ± 13 cm/s.74

Imaging, signs and grading

Aortoiliac disease should be suspected if an abnormal arterial 
Doppler waveform is recorded from the common femoral artery, 
typically demonstrating increased systolic rise time (Fig. 40.25). In 
the majority of cases this is due to iliac artery disease. However, the 
iliac arteries should be imaged to the level of the aortic bifurcation 
even in the presence of more distal iliac disease as aortic disease 
may still be present. Longitudinal scanning with colour Doppler 
imaging is the easiest way of identifying flow disturbance, or colour 
aliasing that might indicate disease. Spectral Doppler using angles 
of ≤60° is used to grade the stenosis. Pre-stenosis and maximum 
intra-stenotic peak systolic velocities should be recorded and the 
peak systolic velocity ratio (PSV ratio) calculated. In the absence of 
any specific guidelines for grading aortic disease, a doubling of 
peak systolic velocity is normally indicative of a significant haemo-
dynamic disturbance, especially if this is associated with post-
stenotic turbulence or waveform damping.75

Aortic occlusion

Aortic occlusion is relatively rare and normally results in lower limb 
ischaemia with severe claudication but it can be difficult to diag-
nose. The occlusion usually starts at the distal aorta but in some 

Figure 40.23 Delayed endoleak flow. An example of a time 
delay between the onset of systole in a small type II endoleak.  
A: There is no filling of the leak (curved arrow) but flow is clearly 
seen in the two graft limbs. B: A few frames later, the onset of 
systole is seen in the endoleak but evidence of reverse flow is seen 
in the right graft limb (straight arrow) during the onset of diastole.

A B

Figure 40.24 The spectral waveform in the 
abdominal aorta. A: The spectral Doppler 
waveform from the aorta proximal to the renal 
arteries, exhibiting forward diastolic flow. B: Aortic 
waveform towards the bifurcation demonstrating 
triphasic flow.

A B

Figure 40.25 A severe stenosis of the aorta. 
A: Doppler waveforms just proximal (P) and across 
the stenosis (S) are shown and indicate a significant 
haemodynamic stenosis with a PSV ratio of >4. 
B: An abnormal damped Doppler waveform was 
recorded in the common femoral artery. C: B-mode 
imaging demonstrates echogenic plaque in the 
aorta (arrows). D: Colour Doppler imaging shows 
marked flow disturbance and aliasing across the 
stenosis.

A

P S

B

C
D

ATHEROSCLEROSIS

The aorta can become severely diseased and narrowed by athero-
sclerotic plaque, resulting in lower limb ischaemic symptoms. The 
commonest site for narrowing is in the distal aorta, often in associa-
tion with proximal common iliac disease. In some cases a long 
segment of the aorta can be involved. The end stage of disease is 
severe calcification or occlusion. Aortic disease can involve the 
origins of the renal and mesenteric vessels; renal artery narrowing 
often results in hypertension or reduced kidney function. Disease 
of the splanchnic arteries can lead to mesenteric angina after eating 
or bowel ischaemia.
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cases it can start just below the renal arteries. On the B-mode image 
the aorta is visible but it is difficult to demonstrate a normal colour 
Doppler signal.

A potential pitfall is to misdiagnose a distal occlusion as a more 
extensive proximal occlusion because the overall flow in the still 
patent upper/mid aorta may be very slow with a partially reverber-
ant waveform; this may be missed unless the colour and spectral 
Doppler settings are optimised to detect low velocity flow by reduc-
ing the colour scale and wall filter. Imaging in cross-section with 
some transducer angle tilt can be useful to obtain a sufficient 
Doppler angle to enable demonstration of flow.

AORTIC DISSECTION

Dissection of the abdominal aorta nearly always results from the 
extension of a dissection of the thoracic aorta extending into the 
abdomen (Fig. 40.26). Rarely, it may originate in the abdominal 
aorta, or result from trauma. The aorta is usually dilated to some 
extent but dissection can occur in the presence of a normal-calibre 
aorta. The flap may be visible depending on its orientation in rela-
tion to the ultrasound beam and if a dissection is suspected the 
aorta should be examined from several different approaches in an 
effort to show the flap. Spectral and colour Doppler will show the 
presence and character of any flow in the true and false lumens and, 
even if a flap is not visible, the different flows in the two channels 
may be apparent on Doppler; reversed flow may be seen in the 
non-dominant channel due to compression in systole (Fig. 40.26B); 
if one of the channels is thrombosed then the appearances can be a 
little confusing. Doppler can also be used to assess blood flow in 
the major branches supplying the bowel, liver, kidneys and lower 
limbs, which may be supplied from either the true or the false 
lumen.76 Colour Doppler, power Doppler and B-flow imaging have 
all been shown to be of value in the diagnosis and assessment of 
aortic dissection.77

Figure 40.26 Dissection of the abdominal aorta. A: Real-time scan showing dissection flap in the lumen of the upper abdominal aorta 
behind the left liver. B: Colour Doppler image from the same segment of aorta showing the bidirectional flow on either side of the flap.

A B

THE SPLANCHNIC ARTERIES

The bowel in the abdomen is supplied primarily by the three 
splanchnic arteries: the coeliac axis, the superior mesenteric artery 
and the inferior mesenteric artery. The coeliac axis and the origin 
of the superior mesenteric artery are visible in most patients unless 
obscured by bowel gas, or marked obesity (Fig. 40.27). Gentle pres-
sure with the transducer may help disperse bowel gas sufficiently 
to visualise the arteries. The inferior mesenteric artery can be more 
difficult to identify and is best sought by scanning transversely 
down the lower aorta above the bifurcation until the relatively  
small inferior mesenteric artery is seen coming off the anterior 
margin of the aorta and passing down and away to the left  
(Fig. 40.28).

Normal blood flow in the coeliac and superior mesenteric arteries 
varies depending on whether the patient is fasting or has recently 
eaten. In the fasting state there is relatively low diastolic flow but 
following food the level of diastolic flow increases as the enteric 
vascular bed opens up and the resistance to blood flow decreases 
(Fig. 40.29).

Stenosis

The main indication for assessing the splanchnic arteries is the 
investigation of patients for possible intestinal ischaemia. Stenoses 
in the coeliac axis and superior mesenteric arteries usually occur in 
the proximal 1–2 cm at their origins; colour Doppler helps identify 
areas of abnormal flow in relation to the arteries or a visible tissue 
bruit secondary to a stenosis (Fig. 40.30). However, care must be 
taken in the interpretation of the colour Doppler signal from the 
proximal arteries as they leave the aorta because they are angled 
towards the transducer on the anterior abdominal wall and there-
fore generate a relatively high Doppler shift on the colour scale, 
which may be mistakenly identified as representing a stenosis. The 
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Figure 40.29 Superior mesenteric artery blood flow. A: In the preprandial state the diastolic flow is relatively low. B: Following food, 
diastolic flow has increased.

A B

Figure 40.27 The coeliac axis. Transverse view of the coeliac 
axis showing the splenic and hepatic arteries.

Figure 40.28 The inferior mesenteric artery. Transverse scan 
showing the inferior mesenteric artery beside the lower aorta 
(arrows); the inferior mesenteric vein is alongside (arrowhead).
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ischaemia appear. Retrograde flow to the coeliac axis from the supe-
rior mesenteric artery is highly predictive of significant coeliac 
stenosis.

Aneurysms

Aneurysms can develop in these arteries, usually the splenic artery 
(Fig. 40.31) in association with acute pancreatitis or the hepatic 

presence of a tissue bruit is therefore a useful secondary sign of a 
significant stenosis. Peak systolic velocities greater than 3 m/s and 
an end-diastolic velocity of 0.45 m/s in the superior mesenteric 
artery correlate with >50% diameter stenosis.78 Equivalent velocities 
for the coeliac axis are a peak systolic velocity of 2 m/s and an end-
diastolic velocity of 0.55 cm/s. The splanchnic circulation can 
produce multiple collateral channels to bypass arterial stenosis, so 
at least two of the three main arteries should be compromised with 
either severe stenosis or occlusion before symptoms of significant 

Figure 40.30 Coeliac axis stenosis. A: Colour Doppler shows aliasing at the origin of the coeliac axis. B: A tissue bruit is seen at the 
site of the stenosis during peak systole.

A B

Figure 40.31 Splenic artery aneurysm. A: A 2.4 cm anechoic area adjacent to the spleen. B: Colour Doppler shows flow in an 
aneurysm.

A B
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intra-abdominal pressure reduces as the diaphragm ascends, result-
ing in the caval diameter increasing. In addition, changes in right 
atrial pressure secondary to normal cardiac activity or disease will 
affect flow and the size of the inferior vena cava. The flow patterns 
recorded in the IVC are normally phasic with respiration and with 
a pulsatile element superimposed due to reflected right atrial pres-
sure waves (Fig. 40.33). These features are generally more pro-
nounced in the proximal IVC. Changes in the variation of the caval 
diameter have been correlated with blood loss81 and the state of 
dehydration/fluid overload, in trauma and renal replacement 
therapy patients.82

Objectives of the scan and  
scanning technique

The primary reason for imaging the IVC is to assess its patency and 
to detect intraluminal obstruction such as thrombus, or extralumi-
nal compression caused by tumours or other masses. The technique 
for imaging the IVC is similar to that described for the aorta. The 
intrahepatic and upper segment can be visualised by using the liver 
as an acoustic window (Fig. 40.34). Imaging of the distal segment 
of the IVC may be improved by rolling the patient into a left lateral 
decubitus position. To obtain adequate colour Doppler images and 
spectral Doppler recordings, the inferior cava is best imaged in 
longitudinal section, although transverse imaging will be required 
to image the renal veins as they drain to the cava.

Abnormal findings

Thrombosis
Thrombosis can occur due to propagation of deep vein thrombosis 
from the lower extremity veins or pelvis. The thrombus may be 
anechoic if very fresh or exhibit a moderate degree of echogenicity 
if more than a few weeks old. The thrombus may be completely 
occlusive or partially obstructing the IVC (Fig. 40.35). Colour 
Doppler imaging can be useful for identifying any residual patent 
lumen. Often, the thrombus does not extend above the level of the 
renal veins as the high inflow from these veins prevents propaga-
tion. Acute caval obstruction normally results in bilateral lower 
limb oedema within hours and the skin in the legs may develop a 
bluish tinge.83 If the common femoral veins are patent, they often 
exhibit a non-phasic continuous low velocity flow pattern as blood 
will have to drain through collateral channels in the abdomen.

Figure 40.33 Normal inferior vena cava 
waveform. Spectral Doppler flow patterns from the 
IVC demonstrate variations in flow due to 
respiration and cardiac activity.

artery following liver transplantation. Trauma and biopsy can also 
give rise to aneurysms in these vessels.

THE INFERIOR VENA CAVA

Anatomy and flow patterns

The IVC is formed by the confluence of the left and right common 
iliac veins at about the level of the fifth lumbar vertebra. It lies to 
the right of the aorta and anterior to the right aspect of the spine. 
In its upper abdominal segment it runs in a groove on the posterior 
aspect of the liver and is separated from the aorta by the right crus 
of the diaphragm before piercing the diaphragm at the level of the 
eighth thoracic vertebra. Anatomical variations occur but many are 
rare.79,80 The most common variations occur below the level of the 
renal veins and involve transposition or duplication of the IVC, 
resulting in a left-sided vena cava or double inferior venae cavae 
where the common iliac veins do not join but continue superiorly 
as paired vessels with the left component joining the right side at 
the level of the left renal vein (Fig. 40.32).

The size of the IVC can change significantly in response to a 
variety of factors outlined in Table 40.6. In particular, diameter 
changes with respiration can be observed owing to changes in 
intrathoracic and abdominal pressure. During inspiration venous 
return is increased as blood is sucked into the chest by the negative 
intrathoracic pressure and the abdominal cava is compressed by the 
increased intra-abdominal pressure resulting from the descent of 
the diaphragm; the diameter of the IVC therefore reduces during 
inspiration. Conversely, during expiration the intrathoracic pres-
sure increases, thereby slowing blood flow into the chest, and the 

Figure 40.32 Dual caval segments. Two caval segments (blue) 
are seen on either side of the lower abdominal aorta (red).

Table 40.6 The IVC can vary in diameter due to a 
number of factors

Increased diameter Decreased diameter

Deep expiration Deep inspiration
Fluid overload Dehydration/Hypovolaemia
Proximal obstruction Intra-abdominal mass, 

e.g. tumour, AAA
Congestive cardiac failure
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Figure 40.34 The upper cava seen through the liver. The liver 
can act as a window to image the intrahepatic segment of the IVC, 
as shown from the position in Figure 40.4Aii.

Liver

IVC

Figure 40.35 Caval thrombosis and femoral Doppler waveform. A: Colour Doppler image of the lower inferior vena cava showing no 
evidence of flow in the cava, which is distended by thrombus (arrows). B: The upper end of the thrombus (arrows) with blood flow 
demonstrated above it. C: An abnormal waveform recorded in the common femoral vein in a different patient showing continuous flow with 
a loss of phasicity due to proximal vein obstruction.

A

C B

Tumour obstruction
Obstruction of the inferior vena cava can occur from extension of 
tumour thrombus in the renal veins due to renal cell carcinoma, or 
hepatic veins due to hepatocellular carcinoma or hepatoblastoma 
(Fig. 40.36).84 Intraluminal tumour thrombus is reasonably echo-
genic and evidence of flow or small vessels may be seen within the 
thrombus with colour Doppler imaging.85 Intracaval tumour may 

Figure 40.36 Tumour thrombus in the inferior vena cava. 
Tumour thrombus from a renal cell carcinoma distending the upper 
inferior vena cava (arrows).
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Figure 40.38 Liver transplantation. Dual segment of inferior vena 
cava following a ‘piggyback’ transplantation procedure. The donor 
cava lies superiorly (arrows) and the native cava more posteriorly 
(arrowheads).

Other postoperative problems which may occur in relation to the 
cava following transplantation include compression, if the new 
liver is relatively large; distortion of the cava may also occur if there 
is relative twisting of the caval channel as a result of fitting the 
donor liver into the native abdomen. In the longer term stenosis 
may develop at the sites of anastomosis. Liver transplantation is 
covered further in Chapter 13.

extend above the diaphragm and into the atrium, which has impli-
cations for planning treatment.86

External compression of the inferior vena cava can be due to a 
number of causes including adjacent tumours, such as renal and 
adrenal neoplasms, pancreatic tumours, large aortic aneurysms, 
enlarged retroperitoneal lymph nodes and retroperitoneal hae-
matoma. Tumours arising from the wall of the IVC are rare and are 
mainly due to leiomyosarcomas.83

Caval filters

Caval filters are deployed in the IVC to capture or prevent emboli-
sation of clot from the pelvis and lower limbs to the pulmonary 
circulation.87,88 They are normally positioned below the renal veins. 
The filters are echogenic and usually visible with ultrasound (Fig. 
40.37). Ultrasound can be used to assess the inferior vena cava prior 
to insertion of the filter to ensure that it is patent and that there is 
no free-floating thrombus present that could be dislodged during 
the procedure. Following insertion, ultrasound can be used to 
assess the patency of the filter or extension of thrombus above it. 
Breakage of filter struts is difficult to demonstrate with ultrasound 
and a plain film is more useful.

Liver transplantation

Following liver transplantation the cava should be assessed to 
ensure satisfactory flow. The appearances will depend on the type 
of anastomosis performed. In the past, the segment of donor cava 
attached to the new liver replaced the equivalent segment of native 
cava, which had been removed with the diseased liver. Many sur-
geons now perform a ‘piggyback’ technique, where the native cava 
is left in place, the inferior end of the donor caval segment is over-
sewn and the upper end anastomosed to the native cava with an 
end-to-side anastomosis. This results in a postoperative appearance 
which can be confusing if it is not recognised, as there will appear 
to be two cavae associated with the transplanted liver (Fig. 40.38).

Figure 40.37 Caval filter. A: An IVC filter in the inferior cava. B: Colour Doppler showing patency of the cava at the level of the filter.

A B
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Fistulae

Fistulae involving the cava may rarely occur spontaneously, often 
secondary to an aortic aneurysm, or they may be surgically created, 
as is the case with portacaval shunts. In cases of aortocaval fistulae, 
colour Doppler may show a visible tissue bruit with pulsatile flow 
in the cava above the level of the fistula; sometimes the fistula itself 
is difficult to identify. Surgical portacaval shunts are usually side-
to-side shunts in the upper abdomen at the level where the proxi-
mal main portal vein passes close in front of the cava (Fig. 40.39). 
A tissue bruit may be apparent and the shunt is more easily identi-
fied if the liver can be used as a window through to the point of 
anastomosis; turning the patient up onto the left side may facilitate 
visualisation. However, these are rarely performed now, having 
been replaced by transjugular intrahepatic portosystemic shunts 
(TIPS); see Chapter 12.
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ABDOMINAL WALL

Ultrasound of the anterior abdominal wall is most often performed 
either to ascertain the nature of a painful symptom/tender area or 
in the evaluation of a palpable mass. Ultrasound lends itself well 
to this task as it is possible to locate painful/tender sites and cor-
relate the symptoms with the anatomy. The excellent soft tissue 
contrast resolution can demonstrate the palpable mass, not only 
delineating its anatomical features but also its internal echo struc-
ture, which may often achieve a specific diagnosis.

Ultrasound technique

No specific patient preparation is required. A high-frequency (10–
14 MHz or greater), high-resolution probe is required including the 
capability for Doppler imaging. A lower-frequency curvilinear 
probe may be useful occasionally in the obese patient. The patient 
should be in a relaxed supine position but a variety of coughing, 
straining and Valsalva manoeuvres are required to create a  
dynamic image. Similarly raising the head from the pillow or 
asking the patient to distend the abdomen may create suitable 
muscle contraction. The sonographer should apply light probe 
pressure on the skin so as not to compress any superficial lesion. 
Deeper palpation may be required, particularly in the obese. Pano-
ramic ultrasound imaging, if available, is useful to display a larger 
footprint image and to appreciate features such as rectus abdominis 
divarication.

Anatomy of the anterior abdominal wall

The principal components of the anterior abdominal wall are listed 
in Table 41.1. The paired parallel rectus abdominis muscles extend 
from the lower rib cage, xiphisternum and sternum to the distal 
insertion over the pubic rami and symphysis pubis. The fascial 
condensation, the linea alba, joins them in the midline (Figs 41.1 
and 41.2). The oblique muscles and transversalis extend from the 
iliac blade laterally to merge with the rectus sheath which extends 
around the rectus abdominis muscle. The inguinal ligament  
extends from the anterior superior iliac spine to the pubic tubercle. 
Deep to this ligament is the neurovascular bundle, femoral artery, 
vein and nerve. The femoral canal lies on the medial aspect of  
the femoral vessels with the pectineus muscle posteriorly (Figs 41.3 
and 41.4).

Pathological conditions affecting  
the anterior abdominal wall

The sonographer should visualise all incisions and scars prior to 
scanning and enquire as to their nature. Laparoscopy scars may be 
small and relatively obscure, particularly around the umbilicus. 
Normal mature scars when scanned in the transverse plane to the 
scar appear as a linear hypoechoic band extending from the skin 
into the subcutaneous fat.1 Immature scars are more easily seen as 
there may be surrounding oedema or fluid/haematoma within the 
plane of the scar. Keloid scars may be recognised as thickening in 
the skin but also as thickening in the subcutaneous component. 
Open wounds should be scanned using probe protection to avoid 
contamination. Penetrating injuries can be evaluated with ultra-
sound to assess peritoneal injury with stab or gunshot wounds2 but 
computed tomography (CT) may be the preferred imaging modal-
ity for this indication.

Michael J. Bradley and David O. Cosgrove
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Figure 41.1 Transverse panoramic scan of the anterior abdominal wall.
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Figure 41.2 Transverse midline scan of the anterior abdominal wall.
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Table 41.1 The principal components of the anterior 
abdominal wall

Skin
Subcutaneous fat
Deep fascia
Muscles:

rectus abdominis
internal and external oblique laterally
transversalis, lying deep to the obliques

Peritoneum
Inguinal ligament and canal
Femoral canal

seen when there are oedematous islands of fat surrounded by  
hypoechoic areas, sometimes consisting of frank fluid. Note should 
be made of any gas microbubbles which may alert the clinician to 
gas-forming organisms or necrotising fasciitis3,4 (Fig. 41.5).

Abscesses are diagnosed when there is a localised fluid collec-
tion. They often show increased blood flow in the surrounding 
tissues on colour Doppler. The abscess can contain gas micro-
bubbles and often has surrounding oedema or cellulitis. These col-
lections can be internally septated. Needle aspiration may be 
diagnostic and therapeutic as well as allowing microbiological 
study of the specimen. Ultrasound should assess the abscess size, 
loculation and involvement of other structures as well as the pres-
ence of any foreign body material.

A stitch granuloma usually presents with localised pain but may 
have changes of frank infection or abscess formation around it. It 
may cause a palpable lump. The stitch itself is linear, or curvilinear 
and hyperechoic with the granulomatous reaction apparent as an 
irregular surrounding hypoechoic area. Doppler is usually unhelp-
ful. The presence of these ultrasound appearances is significant if 
the area is directly tender to finger point pressure. If surgical treat-
ment is intended then ultrasound-guided localising wire placement 
is often helpful to the surgeon preoperatively.

Infections
Fresh wounds or surgical incisions show surrounding oedema but 
the presence of cellulitis may suggest a significant wound infection. 
Oedematous subcutaneous fat is usually hyperechoic, losing its 
normal hypoechogenicity and stromal architecture. Cellulitis is 
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Figure 41.3 Transverse panoramic scan of the inguinal ligament.
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Figure 41.4 The relationships around the inguinal ligament in 
the coronal plane. (Modified from Bradley M and O’Donnell P, 
Atlas of Musculoskeletal Ultrasound Anatomy, 2nd edition. 2010 
Cambridge University Press.)
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An abscess may also occur due to haematogenous spread, or 
secondary to a necrotic lymph node. TB abscesses typically show 
marked surrounding oedema and should be considered if there is 
evidence of tuberculous infection elsewhere in the chest, abdomen 
or skeleton.5,6

Musculo-cutaneous flaps
Surgeons may create vascularised flaps for a variety of procedures, 
commonly for breast reconstruction and other plastic surgery pro-
cedures. Ultrasound monitoring can be useful, particularly using 
Doppler to evaluate the vascular anatomy before and after flap 
creation.7

Divarication of the rectus muscles
The paired rectus abdominis muscles normally lie parallel to each 
other with their medial borders 1–2 cm apart and separated by the 
midline linea alba. Divarication may be a congenital abnormality 
or may be acquired following pregnancy or abdominal surgery. The 
muscles lie further apart with an enlongated linea alba which may 
bow in shape on straining. A linea alba width larger than 3 cm is 
usually diagnostic but may be better appreciated using a transverse 
panoramic image.8 It may involve the whole length of the muscle 
but may be focal, in either the supra- or infra-umbilical regions.

An everted xiphisternum may present as a palpable mass which 
may be tender. Ultrasound shows a superficially curved but normal 
xiphisternum which feels hard on palpation.3
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or gas. Bowel typically shows peristaltic movement unless it is 
incarcerated and irreducible. The sonographer needs to perform a 
variety of Valsalva techniques to contract the abdominal wall 
muscles to exaggerate the hernia protrusion and to induce move-
ment of the hernia sac and contents. If no hernia is found with the 
patient supine, the scan should be completed with the patient 
standing; this may show hernia not seen in the supine position. 
Three-dimensional (3D) sonography can be more successful for 
small hernias.13

A hernia consists of three parts – the sac itself, its contents and 
covering (Fig. 41.6). The sac is a diverticulum of the peritoneum. 
The coverings are derived from the layers of the abdominal wall 
through which the sac extends. The contents are usually fat or 
bowel but have occasionally been described to contain any of the 
abdominal or pelvic organs.14 The sonographer may visualise any 
or all of these three components.

The sonographer generally studies the static ultrasound features 
of the hernia sac and contents but also needs to assess whether the 
hernia is reducible where the hernia and its contents can be pushed 
back through the defect using palpation or probe pressure. Most 
hernias are reducible and this helps to differentiate a hernia from 
fatty tumours, which are not reducible. A hernia may pose a diag-
nostic dilemma when it is incarcerated and not reducible as the 

Trauma
A haematoma may be caused by blunt trauma or after a lifting/
stretching injury. It may be seen also in non-trauma patients who 
have a bleeding diathesis or who are being treated with anticoagu-
lants.9–11 Ultrasound is used to describe its size and position and to 
evaluate any underlying muscle tear. Hyper-acute haematomas 
appear hyperechoic; acute haematomas are hypoechoic and, over 
several weeks, they organise and eventually liquefy.12 Haematoma 
aspiration should only be considered for the liquefied stage to aid 
resolution, otherwise there is an increased risk of introducing infec-
tion. Liquefaction is best assessed by ballotting the haematoma 
during scanning or using probe compression to see the fluid moving 
or visualising compression.

Muscle tears are most frequently seen in the rectus abdominis 
muscles and rarely in the oblique muscles. Acute muscle tears form 
hypoechoic linear areas in the muscle or tendon with varying 
degrees of associated haematoma or oedema. A localised area of 
muscle oedema may reflect a muscle strain rather than a full tear 
of muscle fibres. Chronic tears with scarring and fibrosis are more 
difficult to demonstrate with ultrasound but may be seen as areas 
of hyperechogenicity within the muscle. Musculotendinous injuries 
may be seen involving the insertions of sartorius or rectus femoris 
in the region of the anterior iliac spines of the pelvis. Other tendi-
nopathies may be seen, particularly involving the adductor tendon 
insertions, and these may produce symptoms similar to a hernia.

Hernias

Hernias occur when there is a fascial or muscular defect in the 
abdominal wall which allows intra-abdominal contents to extend 
into the defect. The main types of hernia affecting the anterior 
abdominal wall are given in Table 41.2. The contents of a hernia are 
often peritoneal or mesenteric fat, or it may contain bowel. Fat is 
clearly identified as hypoechoic, heterogeneous compressible mate-
rial, whilst bowel may be appreciated on identification of the bowel 
wall, particularly when the segment of bowel contains fluid and/

Figure 41.5 Infection. A: Transverse scan through incision showing cellulitis in the recent incision due to infection. B: Organised 
collection around suture material which may be focus for infection.

Oedematous fatCellulitic oedema
around fat lobules

Recent incision

LeftRight LeftRight

Organised
collection 

Organised collection

sutures Subcutaneous fat

A B

Table 41.2 The principal types of hernia affecting the 
anterior abdominal wall

1. Inguinal
2. Femoral
3. Umbilical/para-umbilical
4. Incisional
5. Epigastric
6. Spigelian
7. Lumbar
8. Sportsman’s hernia
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Inguinal hernia
The superficial inguinal ring is a small aperture in the external 
oblique aponeurosis just cranial to the pubic tubercle and the 
medial end of the inguinal ligament (Fig. 41.7). The deep inguinal 
ring is a U-shaped evagination of the transversalis fascia, cranial to 
the inguinal ligament and midway between the symphysis pubis 
and the anterior superior iliac spine (Fig. 41.8). The inguinal canal 
passes between the deep and superficial rings. In males it contains 
the spermatic cord, the ilio-inguinal nerve and the genital branch 
of the genitofemoral nerve. In the female the round ligament 
replaces the spermatic cord.

The anterior wall of the inguinal canal is formed by the aponeu-
rosis of the external oblique and in its lateral part by the muscular 
fibres of the internal oblique. The posterior wall is formed by the 
transversalis fascia and more medially by the conjoint tendon. Com-
ponents of the internal oblique and transversalis muscles passing 
towards the conjoint tendon lie superiorly. The inguinal ligament 
lies inferiorly.

Inguinal hernias are divided into direct and indirect hernias. 
Ultrasound is recognised as a reproducible and highly accurate 
method for diagnosing inguinal hernias.19–24

Indirect inguinal hernias

These account for about 85% of inguinal hernias. An indirect 
inguinal hernia arises from the deep ring and extends inferomedi-
ally. Larger hernias extend through the superficial ring and into the 
scrotum or labia. The hernia arises lateral to the inferior epigastric 
vessels25 and the cough impulse is directed inferomedially along the 
inguinal canal towards the superficial ring (Fig. 41.9). It needs to be 
differentiated from a hydrocele, spermatocele, undescended testis, 
lipoma of the cord or hydrocele of the canal of Nuck in females (Fig. 
41.10). These are differentiated largely on the basis of their echo 
characteristics as to whether they are solid or liquid. A lipoma can 
be difficult to differentiate from fat in a hernia. Normal fat in the 
inguinal canal moves but does not reduce. Similarly a lipoma does 
not reduce. Occasionally a hernia sac is seen without apparent 
content but dynamic imaging will usually demonstrate content, 
differentiating it from a hydrocele26 (Fig. 41.11).

Direct inguinal hernia

This type of hernia accounts for some 15% of inguinal hernias. It is 
due to a defect in the transversalis fascia in the posterior wall of the 
inguinal canal. Ultrasound demonstrates the hernia arising medial 
to the inferior epigastric artery and moving towards the footprint 

Figure 41.6 Longitudinal scan of the superficial ring showing 
hernia sac containing omentum.

Hernia sacOmentum Cord

DistalProximal

Narrow neck Pubic ramus

Types of hernia

• Reducible – a simple hernia can be pushed back through the 
defect using palpation or probe pressure.

• Incarcerated – the hernia is non-reducible and contains viable 
content.

• Strangulated – the bowel is vascularly impaired and may become 
necrotic or perforate.

Figure 41.7 Longitudinal scan of the superficial ring in the inguinal canal.
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   Pubic
tubercle

Rectus
abdominis 

Bowel Superficial ring Conjoint tendon

dynamic features are much less apparent. Strangulation occurs 
when the vascular supply to the incarcerated bowel or other content 
is impaired; necrosis and gangrene of the contents can ensue.15 A 
strangulated hernia presents as a painful, often red and hot swell-
ing. The sonographer needs to be aware that there is normally fat 
visible in the inguinal canal which moves on dynamic ultrasound. 
Normal canal fat moves along the canal but is not reducible.

The commonest hernias are inguinal (73%), femoral (17%) and 
umbilical (8.5%). These figures do not include iatrogenic incisional 
hernias.14 The diagnosis of a hernia is often apparent clinically and 
ultrasound is reserved for those patients in whom the clinical fea-
tures are non-specific and further information is required to diag-
nose the ‘occult’ hernia.16–18
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Figure 41.9 Longitudinal scan, oblique, of indirect inguinal 
hernia – direction of movement along the canal.
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Omentum pushing into
sac on straining Hernia sac

Figure 41.10 Hydrocele in the inguinal canal.
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Figure 41.11 Longitudinal scan of the femoral hernia sac with 
narrow neck. Omentum protrudes through the neck on dynamic 
imaging.

Omentum Narrow neck Hernia sac

Superior Inferior

Figure 41.8 Longitudinal scan, oblique, of the deep inguinal ring.
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of the transducer on straining. It extends into the superficial ring 
(Fig. 41.12).

It is possible for both direct and indirect types of hernia to be 
present simultaneously and so careful scanning of both the deep 
and superficial rings is required to ensure the optimum surgical 
approach.

Femoral hernia
Femoral hernias account for 20% of hernias in women and 5% of 
hernias in men. The femoral canal is the most medial component of 
the femoral sheath. It extends from the femoral ring to the saphen-
ous opening below. It contains fat, lymph vessels and lymph nodes 
(Fig. 41.13). Anteriorly lies the inguinal ligament with the ileo-
pectineal ligament, pubic bone and pectineus muscle lying posteri-
orly. The lacunar ligament lies medially and the common femoral 
vein forms the lateral boundary of the canal.

The sonographer should identify the femoral canal between the 
long saphenous vein inferiorly and the inguinal ligament supero-
anteriorly. The common femoral vein is lateral. The cough impulse 
due to a hernia generally shows a narrow neck both transversely 
and longitudinally (Fig. 41.11). This and the reducible movement 
clearly defines it from a simple fatty bulge on straining. It should 
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Epigastric hernia
An epigastric hernia occurs when there is a defect in the linea alba 
anywhere from the xiphisternum to the umbilicus. The defect is 
often small and may only be appreciated with careful scanning with 
good dynamic imaging (Fig. 41.14). It typically contains a small 
amount of the preperitoneal fat but can be large enough to contain 
bowel. They are often best appreciated in the transverse plane.  
Care should be taken to delineate multiple hernias as failure to 
appreciate these may result in apparent early surgical failure or re- 
occurrence. Documentation of the defect size and position is useful 
information for the surgeon, allowing efficient location of the hernia 
at surgery and preoperative consideration of the type of repair. 
These hernias may coexist with divarication of the recti (Fig. 41.15).

Spigelian hernia
This hernia extends through the spigelian fascia, between the trans-
versalis and the rectus abdominis muscles.27 It is typically at the 
level of the umbilicus or inferior to it. It is usually best seen on 
ultrasound during a straining manoeuvre and usually contains 
bowel. Larger ones protrude laterally over the internal oblique 
muscle. The sonographer should scan both sides of the abdomen 
for comparison so as not to overcall the normal anatomical bulging 
in this area. Incarceration is a greater risk in this type of hernia but 
the ultrasound transducer can often be used to reduce the hernia.28

Lumbar hernia
Lumbar hernias typically extend through the inferior lumbar trian-
gle, which is bounded inferiorly by the iliac crest, laterally by the 
external oblique muscle and medially by latissimus dorsi. Incisional 
lumbar hernias develop typically after renal surgical interventions. 
The rare superior lumbar triangle types occur between the twelfth 
rib, sacrospinous muscle and internal oblique muscles.

The rare obturator hernia which extends through the obturator 
canal is more likely to be diagnosed on CT. It is covered by pectineus 
and so is not readily seen on ultrasound but may be seen with a 
lower-frequency probe.

Sportsman’s hernia
This is not a true hernia and may be a difficult ultrasound and clini-
cal diagnosis.29 They occur in sports enthusiasts, more frequently in 
males who perform pivoting, kicking and turning such as soccer 

Figure 41.12 Transverse scan, left, inguinal canal direct 
hernia.
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Figure 41.13 Transverse scan, left, femoral hernia.
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Figure 41.14 Longitudinal scan of an epigastric hernia 
containing omental fat.
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be differentiated from a direct inguinal hernia by its relation to the 
inguinal ligament and pubic tubercle (Fig. 41.13). Other lumps in 
this area to be differentiated from a femoral hernia are: a saphenous 
varix, lymph nodes, a lipoma, an aneurysm or pseudo-aneurysm 
and a hydrocele.

Umbilical and para-umbilical hernia
An umbilical hernia extends through the umbilicus centrally whilst 
the para-umbilical hernia is eccentric, usually above the umbilicus 
but occasionally below. The hernia defect extends through the linea 
alba in the midline but the patient often notices a more lateral lump 
depending on its size. The cough impulse is often satisfactory to 
demonstrate movement but otherwise asking the patient to distend 
the abdomen or raising the head off the couch may be necessary to 
elicit movement in the hernia.

Incisional hernia
This is seen when there is disruption of the deeper layers of the 
abdominal wall after an incision. Postoperative collections may 
suggest some dehiscence and ultrasound is helpful in the exclusion 
of a hernia. It may often occur in the obese or those with chronic 
cough or straining. The scar is best scanned through its transverse 
plane to identify complications such as fluid, stitches or hernia. 
Dynamic ultrasound rapidly demonstrates the hernia extending 
into the scar (cough impulse).
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around the mesh, often with acoustic shadowing. Transducer pres-
sure reproduces the symptoms of pain/tenderness. Detachment of 
the mesh is seen when the normally flat mesh edge is curled over 
at one or more borders; this is more apparent in the presence of a 
seroma (Fig. 41.17). An enterocutaneous fistula is a rare complica-
tion of hernia surgery.32

Hernias can also occur around stomal sites.33 Ultrasound may be 
best performed with the stomal bag removed and direct scanning 
using a transducer cover. Alternatively an impermeable barrier, 
such as cling film, over the stoma can be used,

Masses and cysts affecting the anterior 
abdominal wall and groin

Haematomas and infective lesions of the abdominal wall have 
already been discussed. The commonest masses seen are lipomas, 
hydroceles and varices. The lipoma can occur anywhere in the 
anterior abdominal wall, but most commonly in the subcutaneous 
compartment. Lipomas of the cord also occur in the inguinal canal34 
and have the typical ultrasound appearances of a lipoma, with 
hypoechoic septated fat (Fig. 41.18). The lipoma is soft and mobile 
in the canal and straining can make it move down the canal with 
retraction on relaxation. However, it does not reduce through the 
deep or superficial ring, differentiating it from a hernia. Lipomas 
of the cord can undergo sarcomatous change, but this is very rare.

Varices may arise from the long saphenous vein. It is compress-
ible and shows flow on colour Doppler unless it is thrombosed. A 
hydrocele is a collection of fluid in the inguinal canal which can 

players or in ice hockey.30 It is likely to be caused by weakening of 
the posterior wall of the inguinal canal from excessive or repetitive 
shearing forces during poorly balanced hip adduction and abdomi-
nal wall muscle activity. Clinical and imaging diagnosis is difficult; 
management of this condition may be conservative or surgical.31 
Ultrasound findings of local posterior wall bulging on straining 
adjacent to the superficial ring can be normal as well as being seen 
in the sportsman’s hernia. A tender focal bulge during straining, 
particularly if it is asymmetrical, is a little more specific for this 
diagnosis but more studies are needed.30

The postoperative hernia

Mesh repairs are most likely to be performed either using a large 
sheet or a small plug. Plugs can be difficult to visualise, usually seen 
as an irregular area of increased echogenicity with acoustic shad-
owing over the deep or superficial ring. A mesh sheet is well visu-
alised as a linear sheet of hyperechoic foci with acoustic shadowing. 
Ultrasound scans are performed in the postoperative period for 
assessment of pain or of a recurrent lump in order to differentiate 
between a recurrent hernia or other mesh complications. Recurrent 
hernias appear at the margin where the mesh has become detached; 
in the inguinal canal this is most commonly along its inferomedial 
border.

Mesh complications include infection, seromas, haematomas, 
detachment or fibrosis causing pain (Fig. 41.16). Seromas are not 
uncommon and are usually best left to resolve. Fibrosis is shown 
after several months as marked areas of reduced echogenicity 

Figure 41.15 Transverse panoramic scan showing 
divarication of the rectus muscles with small midline 
hernia.
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Figure 41.16 Postoperative hernia. Transverse scan of 
anterior abdominal wall showing mesh with overlying 
seroma.
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connect with the scrotum. In women the hydrocele forms in the 
canal of Nuck around the round ligament.35 It is differentiated from 
a hernia sac by a negative cough impulse and the lack of extension 
through the deep ring.

Most solid lesions are hypoechoic. A hard, heterogeneous and 
irregular mass with abnormal vessels seen on colour Doppler are 
features of malignancy. A metastasis may appear in the umbilicus 
or para-umbilical region and is sometimes known as Sister Joseph’s 
nodule. This is usually secondary to tumours of the stomach, colon 
or an ovary. Metastases from breast tumours may also occur.36 
Primary tumours are rare but show similar features.37 They are most 
commonly seen in the groin or around the rectus abdominis muscle. 
A sarcoma is typically ill defined, heterogeneous, solid, with abnor-
mal vasculature on Doppler, but these features are not specific. 
Liposarcomas are the most common primary tumour but synovial 
sarcomas, leiomyosarcomas, malignant fibrous histocytomas, fibro-
sarcomas and undifferentiated sarcomas have all been described.17,37 
Abdominal wall fibromatosis can appear similarly heterogeneous 
and ill defined but differs from malignancy in that few or no vessels 
are seen on Doppler. The hypoechogenicity is marked and may 
cause acoustic shadowing. These lesions are very hard and non-
deformable on probe pressure.

An endometrioma is also a firm or hard hypoechoic mass but 
usually better defined than malignant tumours. It is often Doppler 
negative. An endometrioma may be very tender to palpation (Fig. 
41.19). A history of pain or lump varying in size with the menstrual 
cycle may be obtained.38–40

Desmoid tumours are usually seen in or around the rectus 
abdominis muscle but otherwise they show the non-specific ultra-
sound features of a well-defined solid mass (Fig. 41.20). Epidermoid 
cysts are described as a hypoechoic mass with internal echogenicity 
from keratin materials.37 Other benign tumours include leiomyo-
mas,41 dermoid cysts42 and lymphangiomas.43

Figure 41.17 Postoperative hernia. Transverse 
panoramic scan of detached mesh in anterior abdominal 
wall.
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Figure 41.18 Lipoma of the cord.
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Figure 41.19 Endometrioma. Longitudinal scan of lower anterior 
abdominal wall showing an ovoid hypoechoic mass due to an 
endometrioma.
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Masses and cysts affecting the anterior abdominal wall and groin

• Haematoma
• Endometrioma
• Abscess
• Stitch granuloma
• Undescended testis
• Cystic lesions

• Cyst in the canal of Nuck
• Hydrocele
• Varix
• Aneurysm/pseudo-aneurysm
• Urachal cyst

• Benign tumours
• Lipoma
• Desmoid
• Fibromatosis

• Malignant tumours
• Sarcoma
• Metastases
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ing of the development and spread of pathology within the perito-
neal cavity.48

The peritoneal cavity is a potential space and the peritoneum is 
so thin that it can only be demonstrated on ultrasound in the pres-
ence of ascites, which allows the identification of many of the 
mesenteric and ligamentary layers and of the potential spaces.2 
The peritoneal reflections and mesenteric attachments determine 
the routes of spread of intraperitoneal fluid and serve as boundaries 
for its compartments (Fig. 41.21). The transverse mesocolon, the 
mesentery of the transverse colon, divides the abdominal cavity 
into supra- and infra-mesocolic compartments. The root of the small 
bowel mesentery further divides the lower compartment into  
two unequal infra-mesocolic spaces.49 Although the transverse 

In cryptorchidism an undescended testicle cannot be palpated in 
the scrotum. Ultrasound shows the affected testis as an ovoid  
hypoechoic solid lesion often in the inguinal canal, usually smaller 
than a normal testicle. There is a slightly increased incidence of 
testicular neoplasia, which may be seen as a heterogeneous echo 
pattern with abnormal vessels on colour Doppler.44 In some cases 
the testis may be highly retractile and ascend up into the groin 
towards the inguinal canal.

Urachal cysts are rare and are seen between the umbilicus and 
bladder. They are usually anechoic but may contain echoes.45,46

A pseudo-aneurysm is a localised fluid-filled collection contain-
ing swirling blood on real-time or colour Doppler imaging. It is 
related to recent vascular access.3 True aneurysms of the common 
femoral artery may also be seen in the groin.

Nerve entrapment

Nerve entrapment can cause groin pain.47 Single or multiple small 
tears in the external oblique aponeurosis adjacent to the ilio-
hypogastric and ilio-inguinal nerves have been described as a cause 
of referred pain to the groin. These tears are usually not identified 
on ultrasound but the nerves can be seen and finger point palpation 
during scanning may elicit the trigger point pain. Occasionally the 
nerve may show localised oedema or thickening, confirming a 
tunnel compression. An ultrasound-guided nerve block can be 
diagnostic.

PERITONEUM

Anatomy

The abdominal cavity is lined by a thin peritoneal membrane which 
lies deep to the transversalis fascia on the anterior abdominal wall 
and anterior to the retroperitoneal fascia on the posterior wall. The 
elongation, convolutions, rotations and glandular outpouchings 
from the embryological gastrointestinal tract result in the many 
loops of bowel and digestive glands that project into the abdominal 
cavity. All are covered by the peritoneal membrane, which they 
have evaginated. Where the evagination is most marked, organs 
such as bowel are suspended from the posterior abdominal wall by 
a mesentery. Where there is less evagination, organs are directly 
attached to the abdominal wall, an example being the bare area of 
the liver. Some gastrointestinal structures remain retroperitoneal, 
such as the pancreas and the ascending and descending colon (see 
below). Knowledge of the anatomy of the peritoneal cavity, its 
mesenteries and ligaments is important for the proper understand-

Figure 41.20 Desmoid tumour. Transverse panoramic 
scan of a rectus abdominis mass due to a desmoid 
tumour.
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Figure 41.21 The peritoneal cavity. The pathways along which 
infections tend to track are indicated in this diagram of the 
peritoneum. The commonest origins for infections are the pelvis and 
from the lower bowel and appendix.
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mesocolon may occasionally be demonstrated on ultrasound, 
neither it nor the root of the small bowel mesentery is usually seen, 
even in the presence of ascites, largely because of their situation 
posterior to multiple bowel loops, which usually contain some gas.

The supra- and infra-mesocolic spaces communicate via the para-
colic gutters on the posterior abdominal wall, bounded medially by 
the ascending and descending colons. The right paracolic gutter is 
continuous with the right subhepatic space and its posterior exten-
sion, the hepatorenal fossa (Morison’s pouch) and, further superi-
orly, the right subphrenic space (Figs 41.22 and 41.23). The posterior 
aspect of a portion of the right lobe of the liver is in direct relation-
ship with the diaphragm without intervening peritoneum (the bare 
area). If fluid is displayed posterior to the liver in this region it must 
be located within the pleural space; this sign may therefore help to 
differentiate pleural from peritoneal fluid (Fig. 41.24).50 The falci-
form ligament separates the right and left subphrenic and subhe-
patic spaces. It appears as a thin strip between two fluid-containing 
areas. On the left the phrenocolic ligament fixes the splenic flexure 
of the colon to the left hemidiaphragm, thereby partially 

Figure 41.22 Ascites. Fluid has collected in Morison’s pouch 
(arrows). K, kidney; L, liver.

Figure 41.23 Gross ascites. Fluid is demonstrated in Morison’s 
pouch and widely in the peritoneum (arrows). K, kidney; L, liver.

Figure 41.24 Pleural fluid. Extension of pleural fluid (arrowheads) 
posterior and medial to the bare area of the liver, displacing the 
crus (C) of the diaphragm to the right and the inferior vena cava 
anteriorly.

C

Figure 41.25 The phrenolienal ligament is seen as a thick, 
highly reflective band (arrowheads). S, spleen.

obstructing communication between the left paracolic gutter and 
the left perisplenic space. This ligament may be identified above the 
upper pole of the spleen as a linear strip (Fig. 41.25).

The lesser omentum represents the mesentery of the stomach 
and, with the gastrocolic, splenogastric and splenopancreatic liga-
ments, delineates the lesser sac. Of these, only the lesser omentum 
is regularly visualised (in the presence of ascites), but its free edge 
is identified by the position of the portal vein and the common bile 
duct (Fig. 41.26). The separation of fluid layers between the 
lesser sac and the rest of the peritoneal cavity has been named  
the ‘butterfly wings’ sign by Weill51 (Fig. 41.27). However, the 
compartmentalisation of the lesser sac is so effective that patholo-
gies arising elsewhere in the peritoneal cavity rarely involve it, and 
vice versa, with the exception of simple ascites, which fills every 
part of the peritoneal cavity.

In the lower abdomen both infra-mesocolic spaces communicate 
with the pelvis, but the right is directly continuous with the pelvic 
cavity. In general, therefore, intraperitoneal spread occurs more 
commonly from pathology on the right than on the left side of the 
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Figure 41.26 The free edge of the lesser sac. The opening to 
the lesser sac (arrow) lies between the portal vein and the inferior 
vena cava. P, portal vein; I, inferior vena cava; A, aorta.

Figure 41.27 Fluid in the lesser sac separated from fluid 
elsewhere in the peritoneum by the lesser omentum. This 
appearance has been described as ‘butterfly wings’.

Figure 41.28 Pelvic ascites. A: In longitudinal section the ascites surrounds the fundus of the uterus (U). B: In transverse section the 
broad ligaments (arrowheads) are clearly shown.

BA

pelvis. The peritoneum is reflected over the dome of the bladder, 
the anterior and posterior surface of the uterus and the superior 
portion of the rectum (Fig. 41.28A). The peritoneal reflection over 
the fallopian tubes, the broad ligament, may be demonstrated in the 
presence of ascites (Fig. 41.28B). In men there is a single potential 
space for fluid collection, the rectovesical pouch, whereas in women 
there are two, the uterovesical pouch and the pouch of Douglas 
between the uterus and the rectum.

These anatomical features determine the route of spread of 
abdominal fluid, infections and tumours. Spread from the pelvis 
along the right paracolic gutter to the perihepatic spaces is the most 
common route, but anatomical variations, incompleteness of liga-
mentous obstacles and the presence of postoperative or postinfec-
tive adhesions may alter the pattern of spread.

Scanning technique

Ultrasound examination of the peritoneal cavity requires a meticu-
lous and flexible approach.52,53 Pathology affecting the peritoneal 

cavity may be inflammatory or neoplastic, but the examination is 
aimed primarily at the detection of intra-abdominal fluid. If fluid 
collections are to be localised accurately, the anatomical basis of the 
spread within the abdomen needs to be fully understood, ultrasonic 
windows need to be appreciated, and the limitations of the ultra-
sound technique must be accepted.54,55 Free fluid within the 
abdomen is easily detected: it collects in the most dependent por-
tions, and in the supine position this is Morison’s pouch (Fig. 41.29) 
or the pouch of Douglas or rectovesical pouch (Fig. 41.30). The 
detection of loculated fluid, particularly intra-abdominal abscesses, 
however, requires an approach designed to examine the likely sites 
of collection. Thus the right subphrenic and perihepatic spaces 
should be examined with the patient in the supine and left posterior 
oblique positions using the liver as an acoustic window, including 
scanning intercostally to obtain access to the right hemidiaphragm. 
A similar approach is used for the left upper quadrant and peris-
plenic regions, with the patient in the right posterior oblique and 
supine positions. The paracolic gutters are examined by placing the 
transducer on the flanks, and the pelvis can be imaged either using 
a filled urinary bladder as an acoustic window or transvaginally. 
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Fluid collections loculated in the mid-abdomen (interloop collec-
tions) are the most difficult to demonstrate with ultrasound as they 
are easily confused with bowel loops or obscured by the gas they 
contain.

Ascites

Ultrasound is an extremely sensitive technique for the detection of 
free fluid within the peritoneum: although as little as 10 mL of fluid 
has been shown to be detectable in the pouch of Douglas and Mori-
son’s pouch in experimental studies,52,56 it is probable that several 
hundred millilitres must be present for routine clinical detection. 
Typically ascitic fluid is echo-free, moves within the peritoneal 
cavity with change in patient position or compression by the trans-
ducer, and allows gas-containing bowel loops to float within it (Fig. 
41.31). The fluid tends to collect in the most dependent positions. 
Rotating the patient to a right decubitus position facilitates  
the demonstration of small amounts of fluid in Morison’s pouch. 
However, if only a very small quantity of ascites is present it  
may spread across the surface of a large organ, producing a  
thin film over the lower or lateral border of the liver (Fig. 41.32). Figure 41.29 Fluid in Morison’s pouch. A small amount of free 

fluid is present in Morison’s pouch (arrowheads) in this patient with 
renal failure secondary to glomerulonephritis. Note the highly 
reflective kidney.

Figure 41.30 Fluid in the pouch of Douglas. A trace of free fluid (arrow) lies behind the body and cervix of the uterus. Its sharp inferior 
limit indicates that it is peritoneal fluid rather than a collection, which would have rounded margins. It contains a small amount of debris. B, 
bladder; U, uterus; V, vagina.

BA

Figure 41.31 Bowel loops in ascites. A: Scan of the mid-abdomen in a patient with ascites, showing multiple dilated loops of floating 
bowel. B: Scan in the mid-abdomen showing loops of bowel in ascites. The mesenteric attachments are well seen in this case.

BA
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abdomen, giving a classic appearance that helps the differentiation 
between ascites and a large cystic tumour (Figs 41.34 and 41.35).

Thickening of the gallbladder wall is a leading feature of acute 
cholecystitis (see Chapter 14), but thickening also occurs in a 
number of other conditions, including ascites.58 The cause here is 
still a matter of debate: it may result from hypoalbuminaemia59 or 
represent an artefact arising from the layer of ascites adjacent to the 
gallbladder, although a study in patients on peritoneal dialysis in 
situ did not substantiate this.60 In patients with malignant ascites 
the gallbladder wall is only thickened when the serum albumin is 
decreased (Fig. 41.36).61

Occasionally it is difficult to differentiate between pleural and 
peritoneal fluid, especially when it is loculated. Features implying 
intrathoracic fluid are lateral displacement of the right crus of the 
diaphragm, anterior displacement of the inferior vena cava, and 
fluid immediately superior to the bare area of the liver (Fig. 41.24).50 

Careful scanning is required to elicit the subtle signs of small 
amounts of fluid.

The presence of ascites can improve the demonstration of many 
intra-abdominal structures (such as the peritoneal reflections and 
ligaments), though other features may be less well seen.49 Whereas 
the female pelvic organs may be clearly outlined by ascitic fluid 
(Figs 41.28 and 41.33), the para-aortic regions and other retroperi-
toneal structures may become obscured by gas-containing bowel 
that floats towards the midline (Fig. 41.34). In some cases scanning 
through the flanks or changing the patient’s position improves  
visualisation of retroperitoneal structures, but in many cases the 
patient must be re-examined after paracentesis for an adequate 
study. Furthermore, ascites alters the appearances of some  
intra-abdominal organs on ultrasound. The right kidney may 
appear to be abnormally reflective as a result of increased through-
transmission of ultrasound through non-attenuating fluid (Fig. 
41.35): care must be taken not to confuse this artefactual appearance 
with a true increase in reflectivity caused by diffuse parenchymal 
renal disease.57 Tense ascites pushes bowel to the middle of the 

Figure 41.32 Subtle ascites. A thin layer of ascitic fluid is shown 
over the surface of the liver.

Figure 41.33 Ovaries outlined by ascites. The normal ovaries 
are shown situated on the lateral pelvic walls (arrowheads), outlined 
by ascitic fluid.

Figure 41.34 Central abdominal bowel loops in ascites. 
The retroperitoneal structures are obscured by multiple loops of 
gas-containing bowel that float to the anterior abdominal wall and 
produce distal reverberation artefacts (R). Loculated ascitic fluid is 
noted (F).

Figure 41.35 Loculated ascites. Scan through the right abdomen 
showing partially loculated ascitic fluid (F). The loculated fluid in the 
right upper quadrant produces acoustic enhancement, obscuring 
the margins of the right kidney (K).
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infection, especially tuberculosis (Fig. 41.41), but also occur in 
malignancy (Fig. 41.42). In the extreme form, pseudomyxomatous 
peritonitis, the entire cavity is filled with innumerable cystic spaces 
ranging from a few millimetres to several centimetres in diameter 
(Fig. 41.43).63,64

Occasionally it is possible to demonstrate the primary cause of 
the ascites, such as an ovarian carcinoma or metastatic disease 
within the liver (Fig. 41.44), thus allowing a confident diagnosis of 
the cause and nature of the ascitic fluid. The assessment of ancillary 
findings often allows differentiation of benign from malignant or 
complicated ascites. However, there are certain caveats. In the pres-
ence of severe hypoalbuminaemia, gallbladder wall thickening  
may be seen in both malignant and benign ascites. Gallbladder  
wall thickening and ascites are also frequently combined in severe 
acute hepatitis. Similarly, there may be difficulty with diagnosis 
when transudative ascites is associated with pre-existing bowel 
adhesions.

If the layers of the diaphragmatic muscle can be demonstrated, the 
level of the fluid can be ascertained.

In uncomplicated ascites, the fluid is freely mobile within the 
peritoneal cavity, allowing gas-containing bowel loops to float to 
the anterior abdominal wall. In complicated ascites (either infected 
or malignant) the fluid may become loculated and the bowel teth-
ered to the abdominal wall (Fig. 41.37), with a thickened mesentery 
(Figs 41.38 and 41.39) and diminished or abolished peristalsis.62 
Thickening of the mesentery may follow malignant infiltration of 
the mesenteric root, and peritoneal seedlings can sometimes be 
demonstrated (Figs 41.37 and 41.38), though usually they are too 
small to be resolved by ultrasound, even when high-resolution 
transducers are used.

Uncomplicated ascitic fluid is echo-free and produces increased 
through-transmission of sound. In malignant or infected ascites the 
fluid frequently contains blood or pus, which produces mobile 
echoes (Fig. 41.40).62 Septa within the fluid are typically seen in 

Figure 41.36 Thickened gallbladder wall in ascites. There is 
free fluid in the right upper quadrant in this scan. There is a 
metastasis in the liver (M) and thickening of the wall of the 
gallbladder (G).

Figure 41.37 Malignant ascites. There is loculated ascitic fluid 
and some tethering of bowel to the anterior abdominal wall; other 
gas-containing loops do not float freely. Peritoneal deposits are 
present (arrowheads).

Figure 41.38 Malignant ascites. Ascitic fluid is demonstrated (F) 
but the bowel loops are matted against the posterior abdominal 
wall by the thickened mesentery (M). There is a small peritoneal 
deposit (arrowhead).

Figure 41.39 Thickened omentum. The thickened omentum is 
surrounded by ascites in this patient with peritoneal tumour spread. 
The bowel loops are attached posteriorly. A, ascites; B, bowel 
loops; OM, omentum.
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Early diagnosis and effective treatment are important in the man-
agement of abscesses.68–70 Ultrasound can play a role in both, but 
should not be considered in isolation. No single method of investi-
gation is ideal. The sensitivity and specificity of CT, for example, is 
better than ultrasound in isolation. Isotope-labelled leukocyte 
studies are also sensitive in the detection of intra-abdominal abscess, 
but its specificity is low. Moreover, isotope imaging cannot be used 
as a guide for needle aspiration or catheter drainage, so this limits 
its role in management. The higher cost of CT, its use of ionising 
radiation and the need to transport the patient to the CT unit are 
significant factors. Ultrasound is relatively cheap, almost univer-
sally available and mobile, making it suitable for the examination 
even of a very sick patient in the intensive care unit.

Paracentesis

Traditionally paracentesis has been performed via the insertion of 
a trocar and cannula in the left lower quadrant. However, the clini-
cal diagnosis of ascites is unreliable and, although in gross ascites 
fluid is almost invariably present in the left lower quadrant, this 
may not be the safest site for drainage, as frequently bowel loops 
interpose between the anterior abdominal wall and the fluid collec-
tion in this location. Ultrasound-planned or -guided paracentesis is 
safer and more reliable: fluid can almost always be obtained.65

Intra-abdominal abscess

Despite advances in medical and surgical management there 
remains a significant morbidity and mortality from intra-abdominal 
abscess.66,67 Symptoms and signs are often non-specific, and this is 
particularly true of postoperative abscesses.

Figure 41.40 Haemorrhagic malignant ascites. The inferior 
margin of the right lobe of the liver (L) and the right kidney (K) are 
seen. However, there is extensive intraperitoneal fluid which 
contains multiple low-level echoes. These appearances are 
characteristic of haemorrhagic ascites consistent with malignancy.

Figure 41.41 Tuberculous peritonitis. Marked stranding is 
present within the ascites (arrowheads). Bowel loops have become 
attached to the posterior abdominal wall. B, bowel.

Figure 41.42 Septa in malignant ascites.

Figure 41.43 Pseudomyxoma peritonei. Multiple septations and 
loculations (arrows) are seen within the intraperitoneal fluid in this 
patient with an ovarian carcinoma. Strictly, the term pseudomyxoma 
peritonei applies to non-malignant aetiologies (mostly following a 
ruptured mucinous appendicitis), but it is often loosely applied to 
any multicystic peritoneal condition.
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supine; it is sometimes helpful to tilt the bed head-down in order to 
improve imaging of the upper abdominal organs. Pelvic scanning is 
best with a distended urinary bladder, which may have to be filled 
via a catheter if inadequate visualisation of the pelvis is achieved; 
transvaginal scanning does not require a filled bladder and gives 
higher-resolution images. Postoperative scanning is often severely 
hindered by traditional wound dressings: surgeons should be 
encouraged to use spray-on dressings to improve ultrasound access.

The operator must be conscious of the potential for auto- and 
cross-infection from open abdominal wounds throughout the exam-
ination.72,73 Scrupulous cleaning and disinfection of the equipment 
(as well as of the operator’s hands) before and after the examination 
is extremely important; the use of a sheath or other cover  
on the transducer should be considered to reduce the risk of 
cross-infection.

Examination of the patient with a suspected intra-abdominal 
abscess requires a careful approach.54,55 The examination is often 
limited by poor access owing to abdominal wounds, dressings and 
drainage tubes. The examination should first be directed towards 
any suspected abscess site, suggested by symptoms, signs or radio-
logical features, such as an elevated hemidiaphragm on a chest 
X-ray. If there are no such localising features a systematic examina-
tion of the various common sites for abscess collection must be 
made. The sub- and perihepatic regions are examined, using the 
liver as an acoustic window with the patient in the supine and left 
posterior oblique positions (Figs 41.45 and 41.46). The left peris-
plenic region is examined using the spleen as a window in the 
supine and right posterior oblique positions. Care must be taken not 
to confuse a fluid-filled stomach or the left lobe of the liver with an 
abscess cavity.54,71 The paracolic gutters are assessed with the patient 

Figure 41.44 Malignant ascites. Ascitic fluid (F) is noted in the 
pelvis in this patient with an empty bladder. A complex mass 
(arrowheads) replaces the left ovary.

Figure 41.45 Right subhepatic abscess. An abscess cavity (A) is 
shown in Morison’s pouch. This is predominantly echo-free with 
distal enhancement, and contains a few low-level echoes.

Figure 41.46 Right subphrenic abscess. A: A fluid space with low level echoes (A) is interposed between the diaphragm and the liver 
(L). B: A longitudinal scan further laterally shows highly reflective echoes from gas within the fluid.
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Figure 41.47 Abdominal abscess. Large irregular fluid collection 
in the mid-abdomen communicating with the subcutaneous tissues 
and containing scattered low-level echoes.

from adjacent bowel and thus render the abscess invisible to ultra-
sound (Fig. 41.48).74 Free intraperitoneal gas may be encountered in 
perforation of a viscus such as the duodenum, when it has been 
described as collecting preferentially in the region of the ligamen-
tum teres.75

Percutaneous aspiration and drainage
Because of the high morbidity of reoperation for intra-abdominal 
abscess76 there is increasing interest in percutaneous needle aspira-
tion and catheter drainage (see Chapter 43)68,77–81 This provides the 
opportunity for microbiological analysis of the aspirate to assist 
with the choice of antibiotics and to direct management; this is 
particularly important as fungal abscesses respond poorly to per-
cutaneous drainage.82

Whereas the fine needle used for aspiration can safely traverse 
bowel loops, the insertion of a catheter necessitates a bowel-free 
pathway. The type of procedure chosen depends upon the size of 
the abscess and its position. Lesions smaller than 6 cm in diameter 
can usually be successfully aspirated with an 18G needle under 
direct ultrasound control; in one series, a success rate of greater than 
95% was recorded. Larger abscesses, which are often more complex, 
require catheter insertion and yield poorer results, with success 
rates around 70% (which compares well with operative interven-
tion and certainly shortens hospital stay). When a catheter must be 
inserted, planning the route for the guide needle generally requires 
CT to ensure that intervening gut is avoided. Fistulae require exci-
sion rather than drainage, and this diagnosis should be excluded 
by X-ray contrast studies.

Although ultrasound is valuable in the investigation and man-
agement of suspected intra-abdominal abscesses, optimum man-
agement should follow a diagnostic algorithm. For patients too sick 
to be moved from intensive care, ultrasound is the only imaging 
technique available for investigation and aspiration or drainage of 
an abscess at the bedside, and this can be life-saving. If there are 
clinical features or radiological signs pointing to a specific site for 
an abscess collection, ultrasound is the most cost-effective investi-
gation. However, when the site of abscess is not clear (e.g. a fever 
of unknown origin), a radiolabelled leukocyte study or abdominal 
CT scan should be used.

Other fluid collections

Lymphoceles, haematomas and urinomas can all be demonstrated 
by ultrasound, but their sonographic appearances are variable, so 

Figure 41.48 Gas within an abdominal abscess. A: Much of the abscess cavity (A) in the mid-abdomen is obscured by superficially 
located gas (G). B: Scanning the abscess from a lateral approach the gas is avoided and the abscess cavity (A) can be identified.
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Potential sites of abscesses

• Subphrenic
• Subhepatic
• Lesser sac
• Paracolic gutters
• Pelvis
• Interloop collections
• Paravertebral
• Psoas

There is no unique appearance of an abscess on ultrasound. The 
abscess cavity may appear echo-free, thereby mimicking a cyst; it 
may have low-level echoes with an irregular margin (Fig. 41.47); or 
it may contain clumps of solid material within a predominantly 
fluid cavity. Occasionally, strong echoes from particles within the 
fluid may suggest a solid mass (Fig. 41.45). Gas within an abscess 
can produce a confusing picture which may be indistinguishable 
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Figure 41.49 Septated fluid collection in the left iliac fossa. 
This septated appearance is said to be characteristic of a 
lymphocele, but this was in fact a haematoma.

Figure 41.50 Large mesenteric metastasis. A large mass is 
seen in the central abdomen (M) in a patient with ascites (F).

that the nature of the collection cannot be determined by ultrasound 
alone.50 The examination should be directed towards the site of 
trauma, bearing in mind, as always, that fluids tend to collect in the 
most dependent portion of the peritoneum. In vitro, blood clots 
change with time: initially echo-free, they develop reflective regions 
with clot retraction. However, the variations in the rate of this 
process mean that the ultrasound appearances are not very reliable 
for estimating the age of the haematoma. Ultrasound is widely used 
to direct the tapping of peritoneal fluid in blunt abdominal trauma 
(FAST: focused assessment with sonograpy for trauma): if the fluid 
is bloodstained, further investigation for ruptured viscera is 
required (usually either CT or laparoscopy or laparotomy), whereas 
a negative scan or aspiration of clear fluid supports conservative 
management.83 However, in a proportion of cases rupture is not 
accompanied by peritoneal bleeding, and so follow-up ultrasound 
scans should be considered in ‘negative’ cases.84

Lymphoceles are frequently septated, but septa can also occur in 
haematomas and in abscesses (Fig. 41.49). Echogenic fluid within 
lymphoceles is suggestive of infection. As in abdominal abscesses, 
percutaneous aspiration is an important diagnostic technique and 
may be an alternative to surgical management.

Miscellaneous pathologies

Duplication cysts
Small bowel duplication cysts are rare but generally have the char-
acteristic appearances of cysts. If they contain echogenic fluid they 
may be confused with other causes of intra-abdominal fluid collec-
tion. Bowel loops are displaced around the cyst and may partially 
or completely obscure it.

Mesenteric and peritoneal tumours

The difficulties of imaging peritoneal seedlings in intra-abdominal 
metastatic disease have already been described. Occasionally large 
peritoneal deposits can be seen, particularly those in the mesentery 
(Fig. 41.50). They are usually solid, but may contain areas of necro-
sis with irregular cystic regions. Adjacent bowel loops are stretched 
around the mass in a similar fashion to duplication cysts.

Peritoneal metastases
Peritoneal spread of malignancies is not uncommon and is a par-
ticular feature of ovarian carcinoma (in which it receives its own 
staging classification) (Fig. 41.51). Intra-abdominal lymphoma is 
usually manifest as enlargement of the para-aortic and paracaval 
nodes, typically with a rounded shape and effacement of the vas-
cular hilum. Assessment of the extent of nodal and extranodal 
disease is important in the staging of lymphomas: extension into 
the root of the mesentery is particularly important, as it represents 
a more advanced disease stage. These appearances have been 
described as the ‘sandwich sign’, with lymph node infiltration sand-
wiching the vessels of the mesentery (Fig. 41.52). Occasionally on 
ultrasound this sign can be mimicked by the presence of large 
amounts of fat in the mesentery, but generally fat tends to be more 
reflective than lymphomatous tissue.

RETROPERITONEUM

Anatomy

The retroperitoneum is that part of the abdomen which is bounded 
anteriorly by the posterior parietal peritoneum, posteriorly by the 
transversalis fascia and laterally by the latero-conal ligaments (Fig. 
41.53). It is largest posteriorly but continues anteriorly as the 
properitoneal fat compartment, and extends from the pelvic brim 
inferiorly to the diaphragm superiorly. The retroperitoneum con-
tains the adrenals, kidneys and ureters, the duodenal loop and the 
pancreas, the great vessels with their branches and associated 
lymph node chains, and the ascending and descending portions of 
the colon, including the caecum. It can be divided into three distinct 
compartments by the fascial planes it contains: these constrain the 
distribution of reteroperitoneal collections such as pseudocysts, 
haematomas and abscesses, and so an understanding of their 
arrangement has practical diagnostic value.

The anterior pararenal space lies between the posterior parietal 
peritoneum and the anterior renal fascia; the latero-conal ligament 
lies laterally, blending with the parietal peritoneum anteriorly. The 
space is continuous across the midline and contains the pancreas, 
the duodenum, the ascending and descending colon, the caecum, 
and also the appendix when it lies in a retrocaecal position.
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The perirenal space is confined by the anterior and posterior renal 
fasciae, which fuse laterally to form the latero-conal ligament. The 
precise site at which this blends with the renal fascia varies widely. 
The posterior renal fascia (Gerota’s fascia) is generally thicker than 
the anterior and has at least two layers, the anterior of which is con-
tinuous with the anterior renal fascia whereas the posterior layer 
continues into the latero-conal ligament. Superiorly the layers fuse 
above the adrenals and attach to the diaphragm. Inferiorly the renal 
fasciae extend into the pelvis, where they thin out so that the ante-
rior and posterior pararenal spaces communicate in the iliac fossae. 
The fascial layers consist of dense connective tissue which blends 
with the connective tissue enveloping the aorta, the inferior vena 
cava (IVC) and the roots of the superior mesenteric vessels. The 
perirenal space contains the kidneys, adrenals, fat and blood vessels.

The posterior pararenal space lies between the posterior renal and 
latero-conal ligaments anteriorly and the transversalis fascia poste-
riorly. Its medial border is formed by the psoas major and quadratus 
lumborum muscles. Laterally it communicates with the properito-
neal fat compartment (flank stripe). It contains only fat.85–88

All the compartments of the retroperitoneal space contain varying 
amounts of adipose tissue, depending on body habitus, but the 
right anterior and both posterior pararenal spaces are usually thin 
compartments.

Figure 41.51 Peritoneal tumour. A: Cystic masses (arrowheads) lie posterior to the liver in this patient with trans-coelomic spread of 
an ovarian cancer (extended field-of-view scan). B: Transverse scan in the same patient showing tumour (arrowheads) over the right lobe 
of the liver. C: In another patient, also with an ovarian carcinoma, the peritoneal spread is more solid in consistency (arrows). A, aorta; 
CA, coeliac axis; SMA, superior mesenteric artery.
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Figure 41.52 The ‘sandwich sign’. Multiple lymph node masses 
(M) envelop the mesenteric vessels, producing a sandwich effect.
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pharmaceutical gas-displacing liquids (‘contrast agents’) improves 
visualisation.90 Barium studies should be performed after rather 
than immediately before an ultrasound because barium is a strong 
reflector.

The diaphragmatic crura, pancreas, kidneys, duodenum, psoas 
muscles and prevertebral vessels are all detectable and, in the lower 
abdomen, the iliopsoas, quadratus lumborum and the prevertebral 
vessels can be visualised when scanning conditions are favourable. 
Oblique coronal views are a valuable addition to the standard views 
in visualising the retroperitoneum, particularly for the great 
vessels.91–93 They are best performed from the right flank with the 
patient in a left posterior oblique position so that the right lobe of 
the liver and the right kidney move antero-inferiorly and act as 
acoustic windows. At the same time, fatty tissue and gas-filled 
bowel loops move anteriorly, facilitating acoustic access posterior 
to them. Similarly, scans can be performed from the left flank in the 
right posterior oblique position, but these are usually less successful 
than on the right, where a better window is provided by the liver.

Using oblique coronal views the proximal renal arteries can be 
demonstrated in up to 90% of patients, though success is lower in 
the presence of an aortic aneurysm (presumably because of the 
anatomical distortion it causes91), and the proximal portions of the 
common iliac arteries can be seen in 80% of patients. An anomalous 
(e.g. circumaortic) or duplicated vena cava can be displayed in 
sagittal or oblique coronal scans.

The general fat in the retroperitoneum is moderately reflective 
and this increases the contrast with the echo-poor lumina of vessels 
and ducts. Occasionally, however, the fat is relatively echo-poor 
and its appearance as unexpectedly dark tissue, often with a stri-
ated structure from the fascial layers within it, can be confusing, 
creating the false impression of retroperitoneal pathology such as 
an infiltrating tumour. This is most often encountered in neonates 
(where it may be so echo-poor as to suggest fluid) and in the obese 
(Fig. 41.54).

The diaphragmatic crura extend inferiorly as tendinous fibres 
that attach to the vertebrae and their transverse processes down as 
far as L3 on the right and L1 on the left. The right crus is more 
prominent and usually more lobular than the left. It is bounded by 
the IVC anterolaterally, and by the right adrenal gland and the right 
lobe of the liver posterolaterally. Its fibres diverge as they ascend: 
the lateral fibres insert on the central tendon of the diaphragm and 
the medial fibres ascend on the left side of the oesophageal hiatus, 
decussating with those of the left crus in front of the abdominal 
aorta. On parasagittal scans the right crus can be seen as a longitu-
dinal echo-poor structure immediately posterior to the IVC or, to 
the left of the midline, anterior to the aorta. The intra-abdominal 
portion of the oesophagus begins at the cephalic end of the right 
crus. The left crus ascends along the anterior lumbar vertebral 
bodies and inserts into the central tendon of the diaphragm. It is 
closely related to the adrenal gland, the splenic vessels and the 
oesophagogastric junction. Occasionally the medial fibres of the left 
crus cross the aorta and run toward the IVC.

The right crus is more readily seen on ultrasound than the left, 
though both may be apparent on transverse scans.89 The preverte-
bral spaces at the level of the crura contain the aorta, nerves,  
portions of the azygos venous system, lymph nodes and the  
cisterna chyli.

Scanning techniques and general 
appearances

Using transverse and longitudinal scans, the superior reaches of the 
retroperitoneum are well seen because the liver and spleen can be 
used as acoustic windows. Little if any patient preparation is 
required for retroperitoneal ultrasound: fasting for 12 hours before-
hand may reduce gas, but is not always necessary. Parenteral fluid 
or fluid enemas may occasionally be helpful, and the use of 

Figure 41.53 The retroperitoneal spaces. Diagrammatic sections through the kidneys; A: transverse, B: parasagittal, to show the 
perirenal and pararenal spaces and the latero-conal ligaments. IVC, inferior vena cava. (Reproduced with permission of Springer-Verlag 
from Meyer, MA. Dynamic radiology of the abdomen. Normal and pathologic anatomy, 3rd edn. New York: Springer-Verlag, 2000.)
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In easy-to-scan subjects, normal retroperitoneal nodes are some-
times identified. These are bean-shaped, less than 1 cm in length, 
and their hila can be demonstrated with a careful search as a reflec-
tive strip extending part-way into the echo-poor parenchyma.94 On 
colour Doppler a vessel may be found in the hilum but there should 
be no vessels perforating the convexity of the node – this and a 
spherical shape suggest malignant involvement. Enlarged posterior 
abdominal lymph nodes can be detected with an accuracy, sensitiv-
ity and specificity of around 90% and their oval or rounded shapes 
permit differentiation from the para-aortic vessels87 (Fig. 41.55).

Retroperitoneal tumours

Most retroperitoneal tumours arise in the kidneys (see Chapter  
23), adrenals (see Chapter 33) or pancreas (see Chapter 16).  
Of the remainder, primary retroperitoneal tumours other than  

Retroperitoneal tumours

• Lipoma
• Tumours of the kidney, adrenals and pancreas
• Lymphoma
• Neurogenic tumours including schwannoma and paraganglioma
• Phaeochromocytoma (extra-adrenal)
• Haemangiopericytoma
• Malignant fibrohistiocytoma
• Sarcoma
• Rhabdomyosarcoma (tends to occur in children)
• Neuroblastoma (tends to occur in children)
• Ganglioneuroblastoma (tends to occur in children)
• Teratoma (tends to occur in children)

Figure 41.54 Retroperitoneal fat. Retroperitoneal fat is usually 
moderately reflective but can be confusingly echo-poor. In this 
obese patient the echo-poor fat around the right kidney (arrows) 
suggested an infiltrating malignancy: CT revealed low-density tissue 
in the retroperitoneum and around the gallbladder. K, kidney; L, 
liver.

Figure 41.55 Retroperitoneal lymphadenopathy. A large 
lobulated mass of confluent lymph nodes is seen in this left coronal 
section in a patient with abdominal Hodgkin’s disease. A, aorta; N, 
nodes; S, spleen.

lymphomas are uncommon.95,96 Approximately 80% are malig-
nant.97,98 Most retroperitoneal tumours in the adult are mesenchy-
mal in origin (Table 41.3), the three commonest being liposarcoma, 
leiomyosarcoma and malignant fibrohistiocytoma.99 Metastatic 
disease in the retroperitoneum is usually recurrence of a urological 
or gynaecological tumour.

Clinically, retroperitoneal tumours are insidious in onset with 
few early manifestations, so that they reach a large size by the time 
of diagnosis: in 80% of cases they are large enough to be palpable 
(Table 41.4). Abdominal pain is the commonest presentation, prob-
ably attributable to bowel and renal tract obstruction. Surgery offers 
the best hope of cure as there is limited response to radiotherapy 
or chemotherapy. However, most are invasive and cannot be 
resected completely, so the prognosis is poor.100,101

Although it is not always possible to confirm the retroperitoneal 
origin of the tumour with ultrasound, some characteristic features 
may be helpful in locating their origin. Anterior displacement of the 
pancreas, kidneys, great vessels, or the ascending or descending 
colon is highly suggestive of a retroperitoneal lesion (Fig. 41.56). 
Encasement of retroperitoneal structures such as the aorta,  
IVC, renal vessels, kidney and pancreas, and compression of the 
iliopsoas or quadratus lumborum muscles are also typical features 
(Fig. 41.57).

The histology of the tumour cannot be determined from the ultra-
sound appearances, though in some cases there are features sug-
gestive of a specific diagnosis. Many retroperitoneal tumours  
are large (particularly haemangiopericytomas), but functioning 
tumours (e.g. extra-adrenal phaeochromocytoma) and those associ-
ated with disease elsewhere (e.g. a schwannoma in a patient with 
neurofibromatosis) may be small at diagnosis. Neurogenic tumours 
are generally paravertebral in position, whereas those of sympa-
thetic nerve origin tend to lie in the para-aortic region. Extra- 
adrenal phaeochromocytomas or paragangliomas often arise in the 
organs of Zuckerkandl, which are usually found below the renal 
hilum, or at the origin of the inferior mesenteric artery. Teratomas 
typically involve the sacrococcygeal area, whereas malignant fibro-
histiocytomas typically lie very close to the kidney (nephrectomy 
is needed in 50% of cases).102 The patient’s age may also provide a 
clue to the tumour type: rhabdomyosarcomas, neuroblastomas, 
ganglioneuroblastomas and teratomas tend to occur in children, 
whereas malignant fibrohistiocytomas are the commonest retro-
peritoneal soft tissue sarcoma of late adult life.

The ultrasound appearances are very variable, with strongly and 
poorly reflective or mixed tumours all occurring, both with and 
without anechoic zones from necrosis. Tumours with a uniform cell 
type and a paucity of connective tissue and fat have fewer internal 
echoes, so that they produce lesions that are echo-poor or nearly 
anechoic, as is typical of malignant schwannomas and fibrohistio-
cytomas. A highly reflective tumour suggests a liposarcoma, 
although this feature may be absent when the tumour is poorly 
differentiated.103 The reflectivity of lipomas varies from highly 
intense to weak, depending on the content and distribution of fat 
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Figure 41.56 Retroperitoneal sarcoma. Longitudinal right parasagittal (A) and transverse (B) sections of a retroperitoneal mass 
elevating the right kidney (arrow). The uniform echotexture is typical of a sarcoma.
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Table 41.4 Presenting features of retroperitoneal tumours98

Feature Frequency (%)

Abdominal pain 88
Fatigue 44
Weight loss 32
Anorexia 24
Fever 20
Radiating nerve root pain 16
Back pain 12

and fibrous tissue (Fig. 41.58). Vascular tumours such as haeman-
giopericytomas are also reflective, presumably because of the abun-
dant interfaces produced by the multiple vessel walls.104

A solid mass of mixed reflectivity with an echo-poor centre sug-
gests a sarcoma, as these rapidly progressive tumours tend to 
outgrow their blood supply, causing central necrosis with haemor-
rhage. This is particularly true of leiomyosarcomas.

Teratomas have a characteristically heterogeneous mixed echo 
pattern with solid areas, calcification (50%) and cystic spaces (76%) 
(similar to ovarian teratomas). They occur in female infants under 
6 months of age, with a second peak in incidence in young men. 
However, the latter are more likely to represent metastases from a 
testicular primary, and so the testes should also be scanned. Con-
trary to early reports, it is not possible to distinguish benign from 
malignant teratomas on the basis of whether they are predomi-
nantly cystic or solid.105

Table 41.3 Classification of retroperitoneal tumours96

Malignant Benign

Mesenchymal Liposarcoma
Leiomyosarcoma
Rhabdomyosarcoma
Fibrosarcoma
Malignant fibrous histiocytoma

Lipoma
Leiomyoma
Rhabdomyoma
Fibroma, fibromatosis

Vascular Haemangiopericytoma
Angiosarcoma
Lymphangiosarcoma

(Haemangioma)
(Lymphangioma)

Neurogenic Malignant schwannoma
Neurofibroma

Neurolemmoma

Tumours of sympathetic nerve origin Neuroblastoma
Ganglioneuroblastoma
Malignant paraganglioma
Extra-adrenal phaeochromocytoma

Ganglioneuroma
Paraganglioneuroma

Germ cell tumours Malignant teratoma
Embryonal carcinoma
Seminoma*

Benign teratoma

Very rare lesions are bracketed.
*Occasionally arises in the retroperitoneal space as a primary tumour.
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Figure 41.57 Retroperitoneal tumour encasing the aorta. 
Numerous retroperitoneal masses are seen surrounding the aorta 
(arrow) and elevating the inferior vena cava (arrowhead).

Figure 41.58 Liposarcoma. The strong echoes that are typical of 
a liposarcoma are attributable to the admixture of fatty and watery 
soft tissue elements; for this reason, only well-differentiated tumours 
(i.e. those that retain the ability to form fat) have this appearance.

The benign or malignant nature of any retroperitoneal tumour 
cannot be reliably determined on ultrasound. A smooth, round, 
well demarcated cystic mass may be benign or malignant; however, 
an irregular lesion is more likely to be malignant, benign fibroma-
tosis being an exception as it may be very irregular and show fea-
tures of muscle invasion.

Retroperitoneal cysts

Primary retroperitoneal cysts are rare. They include simple inclu-
sion cysts (teratomatous cysts) and cysts arising from embryonic 
gastrointestinal and genitourinary tract rests (e.g. Wolffian or 
Müllerian duct remnants). They may also be lymphatic, parasitic, 
traumatic or inflammatory, and are usually asymptomatic, being 
discovered incidentally on routine physical examinations as a soft, 
non-tender abdominal mass, or detected on an abdominal X-ray 
because of calcification in their wall.

Retroperitoneal cysts meet the usual ultrasound criteria for 
simple cysts: they are smooth-walled and echo-free, with increased 
through-transmission of sound (Fig. 41.59).50,106,107 The absence of 
internal echoes helps distinguish them from abscesses, haematomas 
and complex cysts such as dermoids or hydatids, although a lym-
phangioma may consist of multiseptated cysts.108 The history helps 
distinguish cysts from lymphoceles or urinomas, which are usually 
postoperative or follow an episode of ureteric obstruction.

The recommended treatment for retroperitoneal cysts is surgical 
removal, as they tend to recur after simple aspiration.

Retroperitoneal fluid collections

Retroperitoneal fluid collections tend to spread along the path of 
least resistance, namely between the fascial planes. Although occa-
sionally more than one compartment is involved, or the fascia is 
destroyed by the disease process (e.g. in trauma), the fluid can 
generally be localised to a specific compartment, allowing its source 
to be deduced from anatomical considerations (see Fig. 41.53 and 
Table 41.5).86

Although ultrasound is reliable in detecting retroperitoneal col-
lections it is often unhelpful in distinguishing between the types of 
collection, so that needle aspiration is an integral part of the exami-
nation. Subsequently ultrasound may be used to establish therapeu-
tic drainage and to follow the progress of the lesion. Scans performed 
with the patient supine allow comparison between the two sides, 

but gas often obscures the views in this position and coronal decu-
bitus and prone views (both transverse and longitudinal) may be 
more helpful.

Retroperitoneal abscesses are most commonly complications of 
surgery or extensions from renal, spinal or paraspinal infections 
(Fig. 41.60). Less often they follow septicaemia, trauma, or the per-
foration of an abdominal viscus such as the colon, appendix or 
duodenum. They often involve the psoas muscles (psoas abscess) 
and the perirenal spaces.95 As elsewhere, abscesses typically have 
thick irregular walls, septa, layering of internal debris and, occa-
sionally, contain diagnostic gas bubbles which may be observed 
floating upwards (Fig. 41.61). Large pockets of gas, although 
uncommon, may completely obscure views of the abscess so, where 
there is a clinical suspicion of a retroperitoneal abscess but a nega-
tive ultrasound, a CT scan should be performed. Gas may leak into 
the retroperitoneal space from a perforated viscus (typically the 
duodenum), where it obscures the right kidney.109

The psoas muscles are a relatively frequent site for abscess for-
mation, tuberculosis being a common aetiology, but may also 
follow appendicitis, perirenal pathology and non-tuberculous 
bacterial spondylitis (Fig. 41.61). Clinically there is unilateral 
flank, hip or back pain, which is aggravated by hip extension. 
There may be a palpable and tender abdominal mass (particularly 
in children) or sometimes a lump in the anterior upper thigh. 
Typically there is fever, leukocytosis and a raised ESR. The radio-
graph may show bone destruction but this is a late and inconstant 
finding. Ultrasound reveals the psoas outline to be enlarged and 
rounded. The size and extent of the abscess can be assessed as 
well as its relationship to adjacent structures, particularly the 
kidneys and blood vessels. The muscle itself may be echo-poor if 
the infection has spread diffusely, or may contain a localised fluid 
collection.

The right anterior pararenal space and the anterior perirenal 
fascia may become thickened and reflective as a result of extension 
of inflammation from retroperitoneal organs into the pararenal 
space. Although this is typical of acute pancreatitis, it has also been 
reported in association with acute cholecystitis and acute 
appendicitis.95,110

Retroperitoneal haematomas are not uncommon, especially in 
anticoagulated patients and those with bleeding diatheses, and  
in leaking abdominal aortic aneurysms (Fig. 41.62). Haematomas in 
the perirenal space most often follow renal trauma, whereas those 
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in the posterior pararenal space or psoas muscle are more likely to 
occur spontaneously. There is a spectrum of ultrasound appear-
ances: very fresh haematomas may be anechoic and thus difficult 
to differentiate from simple retroperitoneal fluid collections. A more 
chronic haematoma often develops complex multiseptate cystic 

Figure 41.59 Retroperitoneal cysts. A: A large cyst compressing the viscera posteriorly is seen in this transverse section through the 
epigastrium. The patient presented with abdominal swelling and a retroperitoneal cyst was removed at surgery. B: Transverse scan 
through a left intercostal space in a 4-month-old with a congenital retroperitoneal cyst. The distinction from a pancreatic cyst cannot be 
made on imaging, but at laparotomy the clear fluid that was aspirated had a very low amylase level. C: Scan through the liver showing 
multiple echo-poor lesions which were haemangioendotheliomas; the purpose of the laparotomy was to tie off the hepatic artery. The 
discovery of one developmental anomaly should prompt a careful search for others. C, cyst; K, kidney.

BA

C

spaces containing reflective material, which may layer and move 
with changes in the patient’s position. Diffusely infiltrating hae-
matomas may be very poorly defined in shape and size. A chronic 
haematoma may become so well organised that it cannot be distin-
guished from a solid mass; it may also calcify.

Table 41.5 Features of retroperitoneal collections

Compartment Direction of movement Renal displacement Likely source

Perirenal Dorsolateral to lower renal 
pole

Anteromedial and superior Intrarenal infection
Urine leak (hydronephrosis)

Posterior pararenal Inferolaterally parallel to 
psoas

Anterior and Superior Retroperitoneal haemorrhage (bleeding 
diathesis, anticoagulant therapy)

Anterior pararenal Bulges anteriorly into 
peritoneal cavity, 
displacing small bowel 
loops

Superior ± lateral (anterior or 
descending anterolaterally)

Exudates from lesions of colon, 
pancreas, duodenum, bile ducts, 
appendix or trauma
Haemorrhage from rupture of splenic 
or hepatic artery aneurysm
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perirenal space, following the line of the ureter, where they often 
produce a pattern of multiple layers representing the fluid separat-
ing the peri-ureteric tissues, whereas lymphoceles are more typi-
cally seen in the pelvis following renal transplantation (see Chapter 
28) or pelvic lymphadenectomy.

Retroperitoneal fibrosis

Retroperitoneal fibrosis is a proliferation of fibrous tissue generally 
confined to the central and paravertebral regions of the retroperi-
toneum in the perirenal space between the renal hila and the dome 
of the bladder.112–115 It is typically thickest immediately anterior to 
the sacrum and lower lumbar spine. Rarely, extension into the 
mediastinum, porta hepatis and mesentery has been reported;116 
infiltration of the small bowel, uterus, vagina, bladder and rectum 
is also recognised.117,118 The tissue is sharply delineated but not 
encapsulated. It tends to envelop rather than displace adjacent 
structures, such as the ureters, blood and lymphatic vessels and, 
rarely, bowel loops. Approximately 70% of cases are idiopathic,114 

The psoas muscle is a particular site for spontaneous retroperito-
neal haemorrhage in haemophiliacs. Pain and stiffness in the flank, 
hip or groin are typical presenting symptoms, and flexion deformi-
ties of the hip may follow iliopsoas spasm. Large psoas haematomas 
may cause anorexia, constipation, fever, leukocytosis, dysuria and 
frequency (from pressure on the bladder), and may even mimic 
acute appendicitis or ureteric colic.111 Femoral nerve entrapment 
can cause loss of sensation on the anterior surface of the thigh and, 
more seriously, paralysis of the quadriceps muscles. Early diagno-
sis of a psoas haematoma is particularly important in haemophiliacs 
as prompt treatment with factor VIII prevents femoral nerve 
damage. In addition to infection and haematoma, the differential 
diagnosis of psoas muscle enlargement includes invasion by retro-
peritoneal tumour and hemihypertrophy (occasionally also seen as 
a normal variant in young Caribbean males, when it is typically 
bilaterally symmetrical). It must also be differentiated from adjacent 
lymphadenopathy.

Urinomas and lymphoceles are mainly postoperative complica-
tions, although a urinoma may also result from urinary extravasa-
tion following ureteric obstruction (see Chapter 22). Both appear as 
anechoic fluid spaces on ultrasound. Urinomas track along the 

Figure 41.60 Psoas abscess. A: Longitudinal and B: transverse section in the right iliac fossa. The abscess (A) is seen as a complex 
of fluid spaces, many with internal echoes, extending into the false pelvis. Mycobacteria were cultured and antituberculous drugs started. 
B, bladder; U, uterus. C: Longitudinal and D: transverse sections in similar positions 1 month later. The changes of organisation are seen 
with an increase in the solid elements.
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limits of the aorta (Fig. 41.63). It may be bulky, with an ill-defined 
irregular margin, or form a flat plaque with smooth margins. Adja-
cent solid organs such as the kidney may be displaced. Typically 
the plaque extends below the aortic bifurcation and across the 
pelvic brim.

The classic diagnostic triad of urographic findings in retroperito-
neal fibrosis (upper tract dilatation with narrowed and medially 
deviated ureters) is not entirely reliable: occasionally there is no 
hydronephrosis, and medial deviation of the ureters may be a 
normal variant,112 so that further imaging is required when retro-
peritoneal fibrosis is suspected. CT is the investigation of choice to 
delineate the extent of the disease and to detect minimal or localised 
areas of fibrosis.120 However, there is a role for ultrasound in follow-
up, particularly in assessing the associated hydronephrosis. It may 
not always be possible to distinguish retroperitoneal fibrosis from 
other retroperitoneal masses such as lymphoma, sarcoma or hae-
matoma. A needle biopsy, which can be performed under ultra-
sound guidance, is often needed.

whereas others are associated with drugs (notably methysergide), 
inflammation, infection, trauma, retroperitoneal haemorrhage, and 
both primary and metastatic tumours. The rare association with 
Riedel’s thyroiditis, sclerosing cholangitis and pseudo-tumour of 
the orbit suggests an immune basis in some cases. The incidence 
peaks in the fifth or sixth decade and it is commoner in males (2 : 1).

The insidious onset and progressive nature of the fibrosis make 
it difficult to diagnose. Presentation tends to be delayed until ure-
teric or vascular obstruction occurs. Symptoms are often vague and 
the clinical features are generally non-specific: patients present with 
abdominal or flank pain and tenderness, weight loss, anorexia, 
malaise, hypertension and renal failure. There may be scrotal or leg 
oedema from lymphatic obstruction. A palpable abdominal or 
rectal mass is found in approximately 30%.119 Laboratory investiga-
tions are also non-specific, with anaemia, raised inflammatory 
markers and hypoalbuminaemia.

Ultrasound reveals a pre-aortic mass that is echo-poor, presum-
ably because of its homogeneous consistency, extending beyond the 

Figure 41.61 Retroperitoneal abscess. A: A postoperative collection lying below the spleen in this left coronal section was considered 
suspicious for an abscess because of the intensely reflective mobile foci it contained. It was treated by guided drainage. In another case  
of an abscess that followed a nephrectomy, (B) transverse and (C) longitudinal sections in the right upper quadrant show a generally 
reflective mass that could be mistaken as a solid lesion. The intense echoes are due to multiple minute gas bubbles in the purulent fluid.  
A, aorta; Ab, abscess; S, spleen.
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Figure 41.62 Retroperitoneal haematoma. A and B: Left 
coronal sections showing two views of a well-demarcated collection 
in the left para-aortic position. Note the low-level internal echoes 
and the septa. The bleed in this patient was from retroperitoneal 
metastases from a malignant melanoma. C: Right longitudinal 
section showing a post-adrenalectomy haematoma in the right 
adrenal bed. The relatively high level of echoes suggests 
organisation. Note also the trace of ascites (arrow). H, haematoma; 
L, liver.
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Figure 41.63 Retroperitoneal fibrosis. A: Transverse section across the aorta (arrow) showing the echo-poor cuff of fibrous tissue 
which is thicker anteriorly. B: Right longitudinal section through the kidney showing the hydronephrosis.
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INTRODUCTION

Patient history, physical examination and laboratory data are 
important but not reliable in predicting the presence and severity 
of injuries in abdominal trauma. Diagnostic imaging has permitted 
a dramatic change in the management and outcome of the trauma 
patient over the past three decades. Adequate detection and grading 
of injuries has reduced the number of unnecessary laparotomies 
and allowed an appropriate choice between surgical and non- 
surgical treatment. Exploratory laparotomy, which was almost the 
rule till thirty years ago, is now a selective, therapeutic laparotomy, 
used only in 6% of blunt abdominal trauma (BAT) cases.

In European and Asian countries, ultrasound (US) has been 
employed in trauma imaging since the late 1970s.1 Thanks to 
improvements in scanners and probes, US has been used to screen 
trauma patients and to monitor injury evolution in those managed 
conservatively. In North American institutions, the potential of US 
has been neglected for a long time.2 Only at the beginning of the 
1990s, did some authors start using US, although in the modified 
version of Focused Assessment of Sonography for Trauma (FAST). 
FAST is a technique employed mostly by emergency physicians, to 

rule out peritoneal fluid (as an indirect sign of solid organ injury) 
in a patient with abdominal trauma. It is the non-invasive substitute 
for diagnostic peritoneal lavage (DPL), allowing quantification of 
the fluid.3–6 In this chapter, the term ‘ultrasound’ will be used when 
referring to a complete US examination (targeting both fluid and 
solid organs). This is what we like to call ‘full potential’ US. The 
acronym ‘FAST’ will be employed only when specifically referring 
to this simplified, fluid-targeted triage modality.

SCANNING METHODOLOGY

FAST

In the beginning, the FAST procedure was used only to explore 
Morison’s hepatorenal recess, the most dependent area of the peri-
toneal cavity in the supine patient. This was achieved by using 
longitudinal scans with the patient in the Trendelenburg position.7 
Nevertheless, clinicians performing FAST soon felt the need to 
include other peritoneal spaces, being dependent or closer to the 
bleeding site. Some authors8 advocate four points to be systemati-
cally explored, still using mostly longitudinal scans: epigastrium, 
right and left hypochondrium, and pelvis. McGahan et al.9,10 catego-
rised a five-point survey: right upper quadrant including the hepa-
torenal fossa, left upper quadrant including the perisplenic area, 
left and right paracolic gutter, and pelvis. This multifocal system 
proved to be more effective than limiting the procedure to Mori-
son’s pouch.11 Some authors12,13 include the pericardium, in addi-
tion to the right and left subphrenic space, the subhepatic space, 
and the pelvis. Other authors14 described a six-point scan, with 
views of the subxiphoid area, suprapubic area, right and left 
abdominal quadrant, and right and left pelvic quadrant. Finally 
other groups15 evaluated seven areas to rule out intraperitoneal and 
retroperitoneal fluid (upper quadrants, renal fossae, paracolic 
gutters, and pelvis). In some institutions, the so called ‘extended 
FAST’ is performed, to include the chest and consequently rule out 
pleural effusion and pneumothorax16 (Figs 42.1 and 42.2). Which-
ever study protocol is employed, the tendency is to standardise the 
FAST exploration by defining a precise number of well-defined 
views.

Some groups performing FAST scans, especially those with a 
radiological background, have progressively modified their scan-
ning technique.2,10,17–20 These groups have started to use a more 
complete abdominal exploration, including organ parenchyma, 
although this is still far from the ‘full potential’ technique we will 
describe below. Most non-radiological groups limit their approach 
to the FAST technique, often performed with small, portable scan-
ners during the initial emergency room assessment of the patient 
or even during pre-hospital retrieval.21 In Europe, till recently, 
trauma US has been mostly performed by radiologists, both in the 
imaging department and in the emergency room.22 In the USA, the 
trauma US studies are usually carried out by sonographers, with 
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amount smaller than 250 mL.23 In a case series collected over 19 
months, 67% of the false negative results happened during the first 
3 months.14 Hence, some suggest at least 200 supervised exams are 
needed to achieve an adequate diagnostic capability24 while others 
believe that 10 studies are enough.25 Since it is common experience 
that a large amount of free peritoneal fluid is easily recognisable, 
an adequately trained physician or nurse should be able to identify 
this without significant false negatives (or false positives).

‘Full potential’ US

As an alternative to FAST scan, ‘full potential’ US consists of a 
complete (although frequently rapid) exploration of all abdominal 
spaces and organs, without predefined ‘points of view’, to detect 
both haemoperitoneum and parenchymal injuries. Advocates of the 
‘full potential’ scan highlight the ability of US to decrease the 
number of unnecessary computed tomography (CT) studies, whilst 
aware of the lower sensitivity of US compared to CT in the detection 
of organ trauma,. To perform a ‘full potential’ US study, the opera-
tor must be skilled in all the techniques of modern, state-of-art 
scanners. These include selective use of superficial transducers, har-
monic imaging, power Doppler mode and US contrast media.

Superficial, high-frequency transducers (7.5 MHz) allow, at least 
in children and slim adults, a better visualisation of parenchyma 
than standard abdominal probes.26 These transducers should be 
employed whenever possible, both to identify minimal effusions, 
especially around the liver apex and the lower splenic pole, and to 
recognise parenchymal injuries, at least in the most superficial part 
of the spleen and kidneys (Figs 42.3 and 42.4). Pneumoperitoneum 
and pneumothorax can be found with high-frequency probes.

Tissue harmonic imaging offers greater resolution and tissue con-
trast in comparison with the fundamental mode. Tissue harmonics 
have proved useful in the assessment of parenchymal injuries, espe-
cially in obese subjects. It improves the recognition of free perito-
neal fluid.27

The use of the colour Doppler and especially of the power 
Doppler mode, both unenhanced and contrast-enhanced, can be 
helpful.28 Power Doppler can identify cases with total or near total 
organ devascularisation, as may happen in splenic or renal trauma. 
By using both abdominal and superficial probes, power Doppler 
may help in detecting significant defects within the vascular map 
of an organ (Fig. 42.5).

Contrast-specific, greyscale US (CEUS) increases the conspicuity 
of organ injuries with a closer morphological correlation with 
CT.29,30 Subtle findings at baseline US become clearer after contrast 
injection and active contrast extravasation, an indicator of active 
bleeding, can be detected. US contrast media are very well toler-
ated, do not require fasting or laboratory tests, can be used in the 
unstable patient or the patient with renal failure, and their injection 

the direct or indirect supervision of a radiologist.2,14,15,18,20 FAST has 
achieved a rapid acceptance among emergency doctors, who now 
perform FAST scans themselves.

Sensitivity for detecting and quantifying the peritoneal fluid 
depends on operator experience. If training is minimal, moderate, 
or considerable, the sensitivity is respectively 45%, 87%, and 100% 
for an effusion smaller than 1000 mL and 38%, 63%, and 90% for an 

Figure 42.1 Placement of ultrasound probes during FAST and 
extended FAST technique. 1: Right hypochondrium (Morison’s 
pouch). 2: Left hypochondrium. 3: Pericardium. 4: Pelvis 
(retrovesical space). 5: Right renal fossa. 6: Left renal fossa. 7: 
Right chest base. 8: Left chest base.

1 2
3

5 6

7 8

4

FAST

• FAST is a fluid-targeted sonographic study, intended as a quick 
and non-invasive substitute for DPL.

• FAST is used in the pre-hospital and in-hospital triage of trauma 
patients, to rule out a haemoperitoneum.

• FAST protocols include a variable number of systematic views 
employed to explore the main, dependent peritoneal spaces. 
Some protocols also include views for the pericardial and/or 
pleural space.

• FAST has shown 57–85% sensitivity, a 96–99% specificity, a 
80–96% positive predictive value, a 96–97% positive predictive 
value, and a 90–96% accuracy.

• FAST is extremely useful in the subject with haemodynamic 
instability but its role in the stable patient is questionable.

Role of imaging in assessing abdominal trauma

• Imaging plays a major role in the assessment of the trauma 
patient, since clinical and laboratory indicators can be inconstant 
and non-specific.

• Imaging has greatly reduced the number of exploratory 
laparotomies.

• Imaging is employed to:
1. detect the injuries on admission
2. characterise lesion type, size and grade
3. choose the most appropriate treatment
4. establish the appropriate timing for all therapeutic steps
5. understand the dynamics of the trauma
6. identify underlying non-traumatic abnormalities
7. monitor conservative treatment
8. detect the post-traumatic and post-therapeutic, early and late 

complications.
• The main imaging modalities currently employed are Focused 

Assessment of Sonography for Trauma (FAST), ‘full potential’ US, 
and contrast-enhanced CT.

• Diagnostic peritoneal lavage (DPL) and X-ray diagnostic 
modalities such as urography, gastrointestinal tract studies and 
angiography have lost their role.
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the lesser omental cavity and, by angling the probe cephalad, the 
pericardium. Next, the right side is scanned, to explore the right 
kidney (also with a rapid colour Doppler view), right retroperito-
neal space, right liver lobe, right perihepatic spaces and right chest 
base. Anterior and lateral views taken at subcostal and intercostal 
level are all useful. Finally the exploration is moved to the pelvis, 
searching for free fluid around the bladder and posterior to the 
uterus, by using longitudinal and transverse scans. A longitudinal 
view searching for fluid between the vesical dome and the intestinal 
loops is particularly helpful. Bladder distension with retrograde 
fluid filling can help to maximise the acoustic window but usually 
is not necessary.

Whenever possible, a slight rotation of the patient on the left  
and right sides (if spine injuries have already been excluded or are 
not suspected!) is useful. Nevertheless, a good US exploration  
can be obtained in a constantly supine subject. Additionally, when-
ever achievable, patient deep inspiration is helpful to scan the sub-
phrenic areas. Limiting factors include obesity, inability to cooperate 
with breathing and decubitus variation, subcutaneous emphysema, 
pneumothorax and wounds.

Figure 42.2 Small amounts of free fluid recognisable during FAST and extended FAST exploration. A: Intraperitoneal, perisplenic fluid 
(arrow). B: Retroperitoneal, perirenal fluid (arrow). C: Pericardial fluid (arrows). D: Right-sided pleural fluid (arrow).

A

B

C

D

can be repeated. Contrast enhancement of abdominal parenchyma 
lasts long enough (up to 4–5 minutes) to allow an adequate explora-
tion of the whole abdomen. The kidneys have the most early and 
transient enhancement while the spleen is inhomogeneous at the 
beginning and then becomes persistently and homogeneously 
enhanced. Hence, the examination protocol may consist of a single 
contrast bolus exploring first the kidneys, then the liver, and finally 
the spleen, or it may be split into two injections, one for the right 
kidney and the liver and the second for the left kidney and the 
spleen.

A typical ‘full potential’ US scan for BAT starts with the abdomi-
nal transducer on the left side. Subcostal and intercostal scans are 
taken to explore the left kidney and left retroperitoneal area, the 
spleen and perisplenic spaces, the left hemidiaphragm and the left 
chest base. A very posterior view of the spleen may be particularly 
useful and a cooperative patient will be asked to move their left 
side slightly out of the bed. The colour Doppler mode during renal 
scans will rule out a severe shattering or a total devascularisation 
from renal pedicle avulsion. Next, transverse scans are taken at the 
level of the epigastrium, to explore the left liver lobe, the pancreas, 
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injuries. Additionally, in a stable patient the recognition of presence 
or absence of free fluid has a smaller value as a stand-alone practice. 
Contrast-enhanced CT, especially with modern multidetector scan-
ners, is the most accurate imaging modality in the assessment of 
traumatic lesions but the practice of CT scanning all subjects is 
debatable, especially those with a low pre-test probability of injury. 
It is necessary to have a pre-CT filter, other than clinic-laboratory 
data, patient observation, DPL or FAST findings. This presently can 
be obtained only by the ‘full potential’ US scan.31

FAST has a 57–85% sensitivity, a 96–99% specificity, a 80–96% 
positive predictive value, a 96–97% positive predictive value and a 
90–96% accuracy in the detection of abdominal trauma through the 
recognition of the free peritoneal fluid.32–34 In 2.5–7% of cases, the 
FAST result is indeterminate, especially because of obesity.35,36 
FAST is falsely negative in 17–29% of cases when compared with 
CT.37–39 In children, compared with CT, sensitivity is 30–59%, spe-
cificity 79–100%, negative predictive value 75–82% and accuracy 
76–91%.20,32,40,41

False negative FAST may be due to errors of interpretation, when 
fluid is present but not recognised. However, the major risk arises 
when haemoperitoneum is absent but a parenchymal injury is 
present.20,37,39,42 In CT series, a solid or hollow viscus injury not 
combined with peritoneal fluid was found in 29–34% of all cases, 
in 11% of liver injuries and in 12% of splenic injuries.38,39,42,43 In 
25–37% of injured children there is no fluid associated with trau-
matic lesions.35,44 In sonographic series, 12% of isolated spleen 

When there is enough time, this systematic exploration should be 
completed by a rapid scan using the superficial transducer. This is 
used to search for peritoneal fluid around the caecum, around the 
lower splenic pole and around the right liver lobe apex and to 
evaluate the near-field part of abdominal parenchyma, especially 
the spleen and kidneys.

FAST versus ‘full potential’ US

The key problem of the FAST scan is its application in haemody-
namically stable patients.31 This population represents the vast 
majority of the wide spectrum of injured people seen daily in an 
emergency centre. Stable patients should be evaluated carefully, not 
just to recognise a haemoperitoneum but also to identify organ 

Figure 42.3 Paediatric splenic injury imaged with superficial 
transducer.

Figure 42.4 Minimal amount of perisplenic fluid (arrow) in a 
child, shown with a superficial transducer.

Figure 42.5 Renal injury as depicted using power Doppler 
US. The lower renal pole (arrows) is inhomogeneous, with a 
subcapsular collection and with an evident colour signal defect.

Full potential’ US

• ‘Full potential’ US is intended as an accurate and complete 
sonographic exploration of abdominal organs (direct injury 
detection) and peritoneal spaces (indirect injury detection).

• Tissue harmonic imaging can improve the detection of both 
peritoneal fluid and parenchymal lesions.

• High-frequency transducers can improve the examination of 
superficial organs or organ portions and should be used routinely 
in children and slim adults.

• Colour and power Doppler can help recognise parenchymal 
injuries.

• Contrast-enhanced US (CEUS) is more accurate than US and 
almost as accurate as CT in recognising solid organ injuries. It 
may also show contrast extravasation as a sign of active 
bleeding.
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acknowledging the superiority of CT imaging, primary CT is used 
mostly for (stable) patients suspected of severe, high-energy, multi-
trauma. In the remaining cases, with a lower clinical suspicion or 
with a low-energy/localised trauma mechanism, US is employed 
together with clinical and laboratory parameters to initially screen 
the patient. CT is limited to cases found to be positive, inconclusive 
or discrepant at initial work-up. A diagnostic algorithm heavily 
based on CT carries lower diagnostic and malpractice risks, shorter 
hospitalisation time, and lower dependence on the operator and 
patient body habitus. Alternatively, if the institutional protocol 
relies more on primary US, there will be lower costs, lower risks 
related to iodinated contrast media, and lower patient exposure to 
radiation.

Although a negative CT scan leads to a more rapid patient dis-
charge, an alternative may consist of observation of the patient with 
the eventual repetition of a US study (the ‘two hours later’ scan). 
After an accurate, ‘full potential’ US study, a repeated US scan 
carried out a couple of hours later allows definitive exclusion of 
significant injuries. This is the most reasonable choice in low-risk, 
fertile women when the only finding at initial US is a limited 
amount of pelvic fluid.

CEUS versus US and CT

CEUS is more sensitive than US and it is almost as sensitive as CT 
in the detection of solid organ injury in BAT. It allows a more accu-
rate assessment of solid organ lesions in comparison with baseline 
US: very subtle injuries become sharply demarcated, due to the 
intense enhancement of the surrounding normal parenchyma. 
Additionally, CEUS can demonstrate changes not recognisable with 
US, such as post-traumatic infarction and contrast extravasation 
(Fig. 42.6). The spread of contrast-enhanced blood out of vessels 
into parenchyma, peritoneal cavity, or retroperitoneum, is consid-
ered a CT indicator of failing conservative management of an 

lesions, 5% of liver lesions and 15% of isolated liver lesions did not 
show a haemoperitoneum.45,46 The idea that an injury without com-
bined effusion is usually a low-grade one, which if overlooked 
would not compromise patient management, is not always correct. 
In 10–17% of cases of organ trauma without free fluid, the injury 
required invasive treatment.39,43 These published data demonstrate 
the need to examine both the abdominal organs and the peritoneal 
spaces, so that trauma will be recognised from free fluid or from 
organ changes.

A secondary reason to search for organ injury without limiting 
the US search to fluid is the possibility of a pre-existing effusion, 
for example due to ovulation, ascites, peritoneal dialysis or DPL. 
Theoretically these circumstances may lead to an unnecessary CT 
study or even laparotomy, while a US study negative for organ 
injury will help to correctly assess the patient.18,46

‘Full potential’ US versus CT

CT is the main imaging tool in the assessment of the polytrauma 
victim (i.e. a person with multiple potentially fatal injuries to more 
than one body region, with a suspected Injury Severity Score >14).16 
Individuals who have experienced a high-to-intermediate energy 
impact should be imaged principally with contrast-enhanced, 
whole-body CT. This is the only imaging modality able to examine 
the multisystem effects of trauma, detecting and grading the head, 
chest, abdomen and axis injury.

US has the advantages of being simple, rapid, non-invasive, 
scarcely interfering with resuscitation manoeuvres (just overhead 
lighting attenuation), transportable (admissions area, bedside, 
operating room, CT room, etc.), repeatable (the ‘two-hour later’ 
scan), and cheap. US is very sensitive for minimal amounts of free 
fluid and may allow the imaging of very fat subjects who do not fit 
into the CT gantry (although the sonographic exploration of these 
patients will be difficult). The limitations include a limited or 
impossible examination of some organs and structures (deep 
splenic pole, posterior segments of the right liver lobe, kidneys, 
hollow viscera); a limited accuracy in the direct demonstration of 
organ injures (low lesion-to-parenchyma contrast gradient); a 
limited accuracy for detecting retroperitoneal blood; patient body 
habitus (obesity); poor cooperation (difficult deep inspiration or 
side turning in subjects with diminished level of consciousness), 
and a dependence on the operator (need for training in trauma 
imaging and 24-hour presence on site).10,42 US has a limited accuracy 
in directly depicting hypovolaemic shock signs and vascular inju-
ries and is unable to recognise ongoing bleeding.

Complete US has shown a 41–95% sensitivity, a 94–100% specifi-
city, a 95–99% accuracy, a 61–87% positive predictive value and a 
62–99% negative predictive value.17–19,22,42 False negative results 
from complete US were 28% in one series42 while liver-related false 
negative in another series were 28%.45 In two series,18,19 11–33% of 
false negatives required a laparotomy while in another series9 the 
false negative results did not have any relevant consequences. The 
most pessimistic of these studies, although not confirmed by our 
own experience, might lead to trauma US being abandoned for the 
stable patient.42,43,47 However, these not always excellent US results 
should prompt us to work to improve its performance.31

Clinical and laboratory parameters have been developed to indi-
cate whether further work-up is needed with a negative US result. 
Subjects with pulmonary contusion, haemothorax, pneumothorax, 
rib fractures (from the sixth to the twelfth, especially on the left 
side), dorsal and especially lumbar vertebral fractures, pelvic ring 
fractures, macrohaematuria or unexplained hypertransaminasae-
mia (AST value >360 IU/L)15,48 should undergo CT scan even if the 
US result (or more so, if the FAST result) is negative. Arguably, if 
these indicators are identified before the US study is performed, 
patients should go directly to CT. Conversely, in the absence of 
these indicators, the probability of a false negative US is very low.15

In the USA, where CT scanners are widely available, CT is com-
monly regarded as almost the only imaging tool.49 In Europe, even 

Figure 42.6 Contrast medium extravasation (arrow) as an 
indicator of active bleeding from spleen trauma.
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US limitations such as obesity or difficulty in exploring deeply 
located areas are usually not improved by contrast medium and 
CEUS should not be used to overcome these limitations. Current 
CEUS systems have some specific drawbacks, such as loss of spatial 
resolution and overall image quality, and difficulty in assessing 
deep regions such as the right liver lobe posterior aspect (especially 
in patients with steatosis or fibrosis), the subphrenic spleen paren-
chyma, and the kidneys (especially in fat individuals).

FREE PERITONEAL FLUID

Peritoneal fluid mostly collects in dependent spaces, particularly 
Morison’s hepatorenal recess and the median pelvic space (retro-
vesical in males and retrouterine in females). It was believed that 
Morison’s recess was the first site where fluid collected, away from 
the injury site, but this is not true. A CT series51 has shown the right 
anterior subphrenic space can be involved alone; this site is less 
ideal for US than CT detection, especially in patients unable to 
breathe deeply. The anatomical distribution of peritoneal fluid 
depends on the location of bleeding, on the anatomy of the various 
supramesocolic and inframesocolic spaces in the supine patient 
(dependent or non-dependent), and on the anatomical pathways of 
spread (easier diffusion along the right paracolic gutter than along 
the left, oblique orientation of the mesenteric root toward the right 
iliac fossa, and so on).52 As the volume of free fluid increases, fluid 
will be seen conforming to the various dependent spaces and ane-
choic triangles will be noted between the bowel loops. Next, fluid 
will surround the mesenteric folds and loops, allowing their distinct 
depiction. With massive haemoperitoneum, all abdominal hollow 
and solid organs will be seen floating in the fluid.2

The knowledge of distribution patterns can be helpful in the 
search for the injured organ. In adults, it has been shown46 that an 
effusion in the left upper quadrant, in both upper quadrants, or 
diffuse suggests a splenic injury, whilst an effusion in the right 
upper quadrant (alone or combined with inframesocolic fluid) 

injury. The potential to detect this finding with CEUS opens new 
perspectives during the initial assessment and follow-up of the 
trauma patient.50

Contrast enhancement may overcome some intrinsic limitations 
of US and increase its diagnostic role. Consequently, the number of 
CT studies may be decreased. CT is the most effective modality in 
the trauma victim imaging, with a mean room time that is similar 
to that of US plus CEUS. In many trauma centres, CT scanners are 
sited inside the emergency room, minimising patient transport and 
speeding work-up. Nevertheless, CEUS may play a role in several 
clinical scenarios, such as unstable patient imaging, bed-side exami-
nation, isolated moderate-energy abdominal or flank trauma assess-
ment (sport or horse-riding accidents, falls, minor bicycle accidents, 
etc.), and monitoring conservatively treated injuries. CEUS can be 
used when contrast-enhanced CT is contraindicated, or when it has 
failed or is unclear: not infrequently, emergency CT scans of trauma 
patients can show motion or positioning artefacts and CEUS may 
be used to better assess some unclear finding (Fig. 42.7).

CEUS may allow further evaluation of subtle parenchymal 
abnormalities shown by baseline US, to rule out injuries, or to 
diagnose a non-traumatic change, for example haemangiomas sim-
ulating traumatic lesions on baseline US. Operator confidence in 
affirming or excluding the presence of a traumatic injury is boosted 
by CEUS. A larger use of CEUS may reduce observation time for 
patients with a negative baseline US, decreasing the number of 
repeat US examinations and expediting patient discharge. CEUS 
may permit imaging of patients not ideal for contrast-enhanced CT 
such as children and pregnant women. Several published series 
demonstrate that US plus CEUS allows a confident exclusion  
of significant abdominal injuries. Hence, many patients may be 
discharged, after a period of observation, without being submitted 
to CT.29,30

Follow-up during non-operative trauma treatment is probably 
the main future application of CEUS, although there is no published 
report on cost-effectiveness. In patients where the injury has already 
been detected and graded by CT, use of CEUS may significantly 
decrease the number of follow-up CT examinations.

Figure 42.7 CEUS versus CT. A: A CT scan shows irregularity of the spleen (arrow) but beam hardening artefacts partially obscure the 
organ analysis. B: CEUS clearly shows the splenic laceration (arrow).
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easy to use and have scarcely entered clinical practice. Surgeons 
prefer fluid amounts expressed in millilitres, instead of an absolute 
score. We try to subjectively quantify the overall amount of fluid 
expressing it in millilitres in our reports. Correlating the amount of 
effusion recognised with US and the amount of blood aspirated 
during the subsequent surgical operation, we have built a personal, 
totally subjective, quantification parameter to which we refer.

The sensitivity of US for free peritoneal fluid is commonly 
regarded as very high, comparable if not superior to that of CT. We 
believe that both techniques are highly sensitive but that US can 
detect minimal amounts of fluid around abdominal organs, which 
may be missed by CT because of volume averaging artefact (reduced 
but still present with multislice scanners). In clinical series7,9 the 
reported sensitivity of US for peritoneal fluid is 63–98%, specificity 
94–100%, positive predictive value 86–100%, negative predictive 
value 85–95% and overall accuracy 85–95%. Experimentally, the US 
sensitivity reported by evaluating women who had had hysteros-
alpingography (about 10 mL of contrast medium) and subjects sub-
mitted to herniography (about 50 mL of contrast medium) has been 
71% for the former group and 100% for the latter.52 By examining 
the pelvis of a subject who has undergone DPL, it has been shown 
that a moderate amount of fluid (mean volume 100 mL) is needed 
for detection with US.60 In another study61 evaluating Morison’s 
pouch during fluid infusion for DPL (in the Trendelenburg posi-
tion), only 10% of participants were able to recognise a volume 
lower than 400 mL while the mean volume identified was 619 mL.

In most trauma patients evaluated acutely, the US appearance of 
intraperitoneal, unclotted blood is that of a homogeneous or near 
homogeneous anechoic effusion, indistinguishable from ascites. 
The fluid is freely distributed, without septation or loculation, 
although sometimes small, low-level echoes are recognisable. When 
bleeding has been very fast and intense and is still active, or when 
the haemorrhage has developed over many hours from a small 
source, other features can be identified. These include clots floating 
within the fluid, layered clots adjacent to the injured organ or 
within a dependent recess, and echoic debris in the dependent 
peritoneal spaces (Fig. 42.8). The echogenicity of the extravasated 
blood depends on the pre-trauma haematocrit, the bleeding speed, 
the time interval between trauma and US, and finally the proximity 
of the scanned area to the bleeding source. While free fresh blood 
is anechoic, its echogenicity increases in the areas where it clots into 
a haematoma. This particularly happens in proximity to the bleed-
ing site, where the clotted blood may form a hyperechoic deposit. 

usually indicates hepatic trauma. In intestinal injury, the fluid is 
distributed randomly, while in extraperitoneal trauma the fluid 
remains accumulated locally. In children, it seems that the pelvic 
spaces are always the main site of accumulation, aside from the 
location of the bleeding source.53 The presence of fluid around the 
liver seems to be a predictor of the need of laparotomy, while fluid 
elsewhere and not in the perihepatic space seems to correlate better 
with a successful non-operative management.

A problem arises when US detects only a small peritoneal effu-
sion in the absence of parenchymal injuries: decision making should 
be done case by case, considering the clinical and laboratory find-
ings.54 In women of childbearing age, it is very probable that fluid 
limited to the pouch of Douglas is due to ovulation. Nevertheless, 
it is important to be certain of the non-traumatic nature. Our 
approach is to carefully scan the other peritoneal spaces in search 
of even minimal amounts of fluid. Frequently we scan the pericae-
cal area with a high-resolution transducer: if there is no fluid around 
the caecum it becomes almost certain that the fluid in the pouch of 
Douglas is ovulatory. Repeating the US a couple of hours later or 
obtaining a CT or a CEUS scan is frequently necessary. If the fluid 
amount is significant, the fluid involves some extrapelvic space, or 
the woman is not of reproductive age (or she is pregnant or has 
previously undergone oophorectomy), immediate further imaging 
is mandatory. In children, a small amount of pelvic fluid can be 
physiological, in all ages and in both sexes.55 Care should be taken 
not to automatically consider a small fluid collection, recognisable 
in up to 7% of asymptomatic children, as a sign of trauma.

An attempt to quantify the fluid should be made. This is because 
the amount of blood frequently correlates with the probability of a 
severe parenchymal injury and hence with prognosis (although the 
decision to surgically treat the patient should not be based only on 
fluid amount). Secondly, careful reporting of the number of perito-
neal spaces involved and a tentative quantification of the fluid may 
help to compare serial US examinations. Several scoring systems 
have been proposed. These include the arithmetic addition of the 
number of positive peritoneal spaces,56 the arithmetic addition of 
the number of peritoneal spaces with a fluid layer thicker than 
2 mm,57 the addition of the thickness (in centimetres) of the collec-
tions in a five-space exploration,58 the anteroposterior thickness (in 
centimetres) of the largest collection plus one point for each addi-
tional positive space.59 Probably, since the amount of fluid is directly 
related to the number of peritoneal spaces involved, all quantifica-
tion methods are equally valid. Nevertheless, these scores are not 

Figure 42.8 Slowly developing haemoperitoneum. A: Diffuse, inhomogeneous, hyperechoic fluid around the right liver lobe apex. 
B: Clots within the pelvic fluid.
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to the liver bare area, where there is direct contact between the 
parenchyma and the right anterior pararenal space.

Clinical findings include right upper quadrant pain, right shoul-
der pain (uncommon) and hypotension (only in the case of extra-
hepatic bleeding). In biliary peritonitis, guarding, tenderness and 
ileus develop but this is not an early phase occurrence.

Severe liver injuries still carry a high mortality. This is due to 
dramatic haemorrhage developing with involvement of great 
hepatic and perihepatic vessels. Later complications developing in 
major liver injury, such as large bilomas, abscesses or pseudo- 
aneurysms, may cause morbidity and mortality and prolonged 
hospitalisation.

With the exception of high-grade injuries, most liver trauma is 
managed conservatively. In both children and adults, monitoring, 
blood transfusion and percutaneous or intra-arterial treatment of 
complications allows avoidance of surgery.

Mechanisms of injury and classification

It is generally believed that a greater energy transfer is necessary 
to produce an injury in the liver than in the spleen. The intrahepatic 
vessels, especially the hepatic veins, represent points of decreased 
resistance and frequently lacerations follow the vascular planes or 
extend to vessel walls.

The most commonly involved liver area is the right lobe, particu-
larly its posterior segments: this is not the easiest area to explore 
sonographically, especially in a patient unable to inspire deeply. 
Left lobe lesions are less common but tend to be deeper within the 
liver. An extension to the capsular surface causes greater bleeding 
than in cases without involvement of the capsule.

Up to 77–90% of liver trauma is combined with injury of other 
structures. Specifically, in a right-sided impact, injuries to right 
kidney, right adrenal, right hemidiaphragm, right base of the chest 
(pleura and lung) and right ribs can occur. In a frontal impact, 
injury to the duodenum, pancreatic head, vertebrae and left liver 
lobe can coexist. There is a greater probability of combined lesions 
of the pancreas and small bowel in liver trauma compared to 
splenic trauma.

The grading scale most commonly used for liver trauma is that 
from the American Association for the Surgery of Trauma (AAST).63 
This scale includes six levels of injury severity (Table 42.1). The 
extent and depth of the lesions must be precisely measured and this 
is not possible with US. The objective of performing a US study  
is only to detect a liver injury and to tentatively recognise the  
kind of lesion. Distinguishing between contusion (focal injury 
without macroscopic parenchymal interruption), laceration (focal 

This ‘sentinel clot’ is useful to draw the operator’s attention to that 
specific anatomical area.

Care should be taken to identify anechoic areas within an injured 
organ. These small areas may indicate the site of active bleeding 
within a parenchymal laceration or may correspond to an arterial 
pseudo-aneurysm developed after the trauma.62 Since both these 
conditions require immediate treatment, colour Doppler should be 
used to rule out a vascular nature of any abnormal anechoic image.

Peritoneal fluid

• US is extremely sensitive for free peritoneal fluid, being 
comparable to CT. Specificity is lower than that from CT.

• Peritoneal fluid initially fills the most dependent peritoneal 
recesses (Morison’s pouch and pelvic median space) and then 
extends to the other spaces, between bowel loops and around 
solid organs.

• The following should be assessed:
1. Is there free peritoneal fluid?
2. Where is it distributed? How many peritoneal spaces are 

involved? Which is the space with the largest collection?
3. What is the overall amount of fluid?
4. Is it really blood or is it something else?
5. Where is the bleeding site?
6. Is the bleeding still ongoing?

Table 42.1 Liver injury scale. The score must be advanced by one level for multiple injuries up to grade III (data from 
Journal of Trauma 38:323, 1995)63

Grade Type of injury Description of injury

I Haematoma Subcapsular, <10% surface area
Laceration Capsular tear, <1 cm parenchymal depth

II Haematoma Subcapsular, 10–50% surface area; intraparenchymal <10 cm in diameter
Laceration Capsular tear 1–3 parenchymal depth, <10 cm in length

III Haematoma Subcapsular, >50% surface area of ruptured subcapsular or parenchymal haematoma; 
intraparenchymal haematoma >10 cm or expanding

Laceration >3 cm parenchymal depth
IV Laceration Parenchymal disruption involving 25–75% hepatic lobe or 1–3 Couinaud’s segments
V Laceration Parenchymal disruption involving >75% of hepatic lobe or >3 Couinaud’s segments within 

a single lobe
Vascular Juxtahepatic venous injuries; i.e. retrohepatic vena cava/central major hepatic veins

VI Vascular Hepatic avulsion

LIVER TRAUMA

General considerations

Hepatic injuries represent 3–10% of all abdominal traumas, being 
less frequent than splenic ones. Recognition of liver trauma is 
important when it is deeply located, near vascular structures. 
Damage to major portal branches, main hepatic veins, or the retro-
hepatic inferior vena cava may cause a severe loss of blood and may 
be very difficult to manage. However, in most cases, the main vas-
cular structures are preserved, and the bleeding, being mostly 
venous, is less dramatic than in the mostly arterial-related splenic 
trauma.

The bleeding from a liver injury is usually into the peritoneal 
cavity, resulting in a haemoperitoneum. A lesion at the dorsal aspect 
of the liver dome may also cause a retroperitoneal haemorrhage due 
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US findings
Liver injury tends to be associated with a lower amount of perito-
neal fluid in comparison with spleen injury. Liver injuries, even of 
a significant grade, may develop in the absence of a significant, 
concomitant haemoperitoneum, at least initially.

In the acute phase, liver contusions, haematomas and localised 
lacerations all appear as subtle and ill-defined hyperechoic regions 
within liver parenchyma16 (Figs 42.9 and 42.10). Lacerations, the 
most common type of liver lesion, tend to appear as linear, branch-
ing or stellate areas. However, appearances are very variable, 
ranging from hypoechoic to hyperechoic, and this contributes to the 
difficulty even for the expert operator to detect an acute liver 
trauma with US. Additionally, focal or diffuse steatosis, spared 
non-steatotic areas and focal lesions such as haemangiomas may 
complicate the detection and characterisation of hepatic injuries.

parenchymal interruption) and lacero-contusion (focal interruption 
within a larger area of contusive inhomogeneity) is difficult. Very 
complex lacerations, with eventual fragmentation of the organ, can 
occur but are not specifically recognisable with US. The same 
applies to fractures (a full-thickness laceration extending from one 
liver surface to the other). The term ‘fracture’ should not be used 
to generically describe a laceration or a deep laceration. A rare kind 
of fracture is polar avulsion, where the apex of the right or most 
frequently of the left lobe is detached from the organ. In infarction, 
there is no specific injury within the parenchyma but its vascular 
supply has been involved. The term ‘rupture’ should probably be 
avoided in reports as it is potentially confusing. Some surgeons 
consider rupture to be any grade of liver injury combined with 
peritoneal fluid, some an injury extending to the liver capsule, 
while others consider it to be a very complex and severe parenchy-
mal injury with or without haemoperitoneum.

Figure 42.9 Liver injury. A: Subtle inhomogeneity of the hepatic echotexture (arrows). B: CT scan demonstration of the liver laceration 
(arrow).
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Figure 42.10 Liver injury. A: Subtle inhomogeneity of the hepatic echotexture (arrows). B: CT scan demonstration of liver lacerations 
(arrows).
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haemoperitoneum. Unlike the liver, haemorrhage from splenic 
trauma is always within the peritoneal cavity.

Symptoms include left upper quadrant pain, left shoulder pain 
(uncommon), abdominal distension, and hypotension (intraperito-
neal bleeding).

Splenic trauma is managed conservatively in a growing number 
of cases, particularly in childhood. Unlike the liver, splenic injuries 
may worsen during the hours or days following trauma and should 
be observed very carefully. ‘Delayed rupture’, developing after a 
48-hour asymptomatic period, is described; however, a spleen that 
is not damaged cannot develop an injury after a delay. If the organ 
is intact, an injury having been ruled out by an adequate CT study, 
it is not necessary to re-evaluate the patient. Nevertheless, it is pos-
sible that a delayed ‘rupture’ will develop, if a lesion is overlooked 
at initial imaging work-up or if a patient does not present to the 
emergency room at the time of initial injury. In 1–20% of cases, an 
asymptomatic trauma will become evident 48 hours or more after 
the impact. Mostly, this is due to the delayed rupture of a traumatic 
intrasplenic pseudo-aneurysm or to the secondary development of 
a haemoperitoneum in a patient with a progressively growing, 
subcapsular haematoma.

Mechanisms of injury and classification

Splenic trauma occurs with liver trauma in 18–48% of cases and 
with left-sided renal trauma in 10% of cases. Other frequently com-
bined injury sites are the left adrenal, the pancreatic body and tail, 
the stomach, the left hemidiaphragm, the vertebrae, and the left 
thoracic base. Left lower ribs are involved in up to 25% of cases of 
splenic trauma. Abnormal or slightly enlarged spleens are the most 
easily injured (Fig. 42.12).

The AAST scale is the grading system most commonly employed.63 
It considers five levels of severity and the final score is advanced 
by one level for multiple injuries up to grade III (Table 42.2). Splenic 
lesions considered include haematomas (subcapsular or intraparen-
chymal), contusive, lacerative, or lacero-contusive areas, and infarc-
tions. Distinguishing between a contusion, a laceration and a 
lacero-contusion is difficult. It is important to distinguish between 
a superficial injury and a deep injury and especially between a 

Subcapsular haematomas appear as peripheral, lenticular collec-
tions, with the thin echoic delimitation of the hepatic capsule exter-
nally and with the flattened contour of the parenchyma internally. 
Subcapsular haematomas are mostly recognised around the right 
or left lobe apex, compressing the adjacent tissue. Very large, burst 
injuries may be identified as diffuse disruption of normal texture 
and vascularisation. One or more small anechoic, pseudocavitary 
foci can appear internal to the injury in the case of brisk bleeding 
or pseudo-aneurysm formation: these images will reflect the exact 
point of contrast extravasation found at CT or CEUS imaging. Peri-
portal tracking, a common CT finding around the enhanced portal 
branches, is rarely recognised with US. Occasionally, a thin hypoe-
choic halo around hilar vessels can be identified.

Real-time CEUS can directly demonstrate parenchymal injuries, 
as non-enhancing defects within the enhanced normal tissue.30,64 
Contusion appears as an area of subtle hypoechogenicity (Fig. 
42.11). Lacerations will appear as clear, hypoechoic, linear bands, 
usually oriented perpendicularly with respect to liver surface. A 
haematoma is recognisable as an inhomogeneous, non-enhancing 
area without enhanced vessels internally. All these lesions become 
more evident as the portal-sinusoidal phase replaces the arterial 
one. CEUS can detect findings unrecognisable with conventional 
US, such as infarcts, perilesional reactive hyperaemia and contrast 
medium extravasation. Recognition of contrast extravasation is 
very important since it indicates the presence of ongoing haemor-
rhage and need for invasive treatment. Contrast extravasation 
appears as a pooling or as a jet of hyperechoic material outside the 
vessels, within the liver parenchyma or the peritoneal cavity.

SPLEEN TRAUMA

General considerations

The spleen is the most frequently injured abdominal organ, being 
involved in 25–60% of adults with intra-abdominal trauma.65 
Damage to the spleen is important because it is the most vascular 
body organ and as bleeding is mostly arterial, it can produce a lethal 

Figure 42.11 Hyperechoic, haemangioma-like hepatic injury as shown by (A) US (arrows). B: CEUS demonstrates an 
inhomogeneous and ill-defined non-enhancing area (arrows).
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Figure 42.12 Subcapsular haematoma (arrows) and perisplenic 
fluid in a subject with lymphomatous splenomegaly who had 
sustained a minor left flank trauma.

Table 42.2 Spleen injury scale. The score is advanced by one level for multiple injuries up to grade III (data from Journal 
of Trauma 38:323, 1995)63

Grade Injury type Description of injury

I Haematoma Subcapsular, <10% surface area
Laceration Capsular tear, <1 cm parenchymal depth

II Haematoma Subcapsular, 10–50% surface area; intraparenchymal, <5 cm in diameter
Laceration Capsular tear, 1–3 cm parenchymal depth that does not involve a trabecular vessel

III Haematoma Subcapsular, >50% surface area or expanding; ruptured subcapsular or parenchymal 
haematoma; intraparenchymal haematoma ≥5 cm or expanding

Laceration >3 cm parenchymal depth or involving trabecular vessels
IV Laceration Laceration involving segmental or hilar vessels producing major devascularisation (>25% of 

spleen)
V Laceration Completely shattered spleen

Vascular Hilar vascular injury which devascularises spleen

Subcapsular haematomas appear as regularly shaped, crescentic, 
often hypoechoic collections close to the splenic margin. The under-
lying parenchymal contour is flattened and compressed due to the 
mass effect. Hence, a smooth collection conforming to the organ 
margin indicates a subcapsular bleed. In comparison, extracapsular 
blood is usually shaped more irregularly. Although mass effect is 
produced in both cases, subcapsular blood is more likely to com-
press the organ shape.

Global injuries may be identified as diffuse disruption of the 
normal parenchymal texture and vascularisation, with combined 
hypoechoic and hyperechoic spotty areas (Fig. 42.13). It should be 
noted that the extent and conspicuity of the splenic changes at US 
does not correlate with injury severity.

Single or multiple infarctions may occur as a result of damage to 
arterial branches. Their size and distribution are directly related to 
the level of vascular compromise. Infarcts are typically wedge-
shaped, with the apex towards the hilum. This is in contrast to 
haematoma, which shows a more irregular and complex shape and 
distribution. Colour Doppler will fail to identify internal flow.

The CEUS findings in splenic trauma are similar to those 
described above for the liver. The conspicuity of traumatic lesions 
increases from the arterial to the venous phase of contrast medium 
circulation.

RENAL TRAUMA

General considerations

The kidney is involved in 8–10% of cases of abdominal trauma in 
the adult.66 In children, the prevalence of renal injury is higher. 
Blunt trauma accounts for 80–90% of cases, with no side preference. 
Penetrating injuries are more frequent on the left side, especially in 
the case of stab wound. Bilateral trauma is infrequent but possible.

Isolated renal trauma is classified as a major injury in only 2% of 
cases. Combined trauma (75% of blunt renal injuries and 80%  
of penetrating renal injuries) carries a greater severity. Right  
renal injury is mostly combined with trauma to the liver, right  
ribs, and vertebrae while left renal injury is mostly found in com-
bination with splenic trauma or with left rib or lumbar vertebrae 
fracture.

Gross haematuria is a very important indicator for urinary tract 
trauma (severe renal injury in 25% of the cases), although it can be 
absent in 30% of patients with renal pedicle injury. Microhaematu-
ria is less specific, since renal injury is identified in only 1–2% of 
these patients. Other clinical findings include back, flank or abdom-
inal pain and shock.

perihilar and a polar injury: perihilar lesions involve larger vessels 
and cause more bleeding than the polar lesions. Very complex 
lacerations, with eventual fragmentation of the organ or with a 
complete fracture, are also possible but not specifically distinguish-
able with US. Infarction may be partial or total. The term ‘rupture’ 
should be avoided for the same reasons of confusion as in the liver.

US findings

As the spleen is under the left hypochondrium and lung base, US 
examination can be difficult, particularly looking at the deep pole. 
Additionally, rib shadowing may reduce organ visibility.

Splenic haematomas and localised lacerations appear as  
hyperechoic regions within the normal parenchyma. These  
lesions can be irregular or linear in configuration. With colour 
Doppler, no signal is seen internally.65 Intrasplenic haematomas 
may also be hypoechoic or even anechoic, with a slightly increased 
through-transmission.
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(cysts, polycystic disease, hydronephrosis, etc.) all carry a greater 
risk of injury.

The AAST injury scale for the kidney includes five progressive 
grades (Table 42.3).67 Renal trauma may involve the parenchyma 
itself, the pyelo-calyceal structures and the vascular pedicle. Paren-
chymal injuries include contusion, haematoma (parenchymal or 
subcapsular) and laceration (partial or complete, with fracture or 
with shattering). Parenchymal lesions that reach the medulla and 
calyces cause urinary leakage. Lesions of the upper urinary tract 
include calyceal injury, pelvic injury and the dramatic pyelo- 
ureteral junction avulsion. These injuries may produce a perirenal 
urinoma or accumulation of blood clots within the lumen (eventu-
ally leading to hydronephrosis). Vascular injuries may involve the 
renal artery and/or renal vein and may consist of laceration with 
retroperitoneal bleeding, intimal tear with dissection, thrombosis, 
pseudo-aneurysm formation and arteriovenous fistula formation; 
the kidney may consequently undergo ischaemia, segmental infarc-
tion or total infarction. Small, subsegmental infarctions have a 
limited relevance but a total infarction may lead to irreversible loss 
of renal function.

Bleeding can be into the retroperitoneal spaces and/or into the 
collecting system. The lack of direct intraperitoneal bleeding and 
the presence of septa within the perinephric space explain why 
blood loss is usually less severe and rapid than in liver or splenic 
trauma.

Modern work-up for renal trauma no longer relies on urography 
and angiography. It is based on US and contrast-enhanced CT 
(including excretory phase scans).

Mechanisms of injury and classification

Unlike other organs, the kidney is primarily fixed by its vascular 
pedicle. Consequently, both horizontal and vertical forces, especially 
from acceleration and deceleration, may produce a tear of the vas-
cular supply. It is not uncommon for the injured kidney to be also 
an abnormal one: an occult abnormality is present in 15–35% of 
paediatric and in about 4% of adult renal traumas. Horseshoe 
kidney, ectopic kidney, malrotated kidney or enlarged kidney 

Figure 42.13 Splenic injury. A: Diffusely inhomogeneous spleen with perisplenic clots and fluid. B: Diffuse shattering of the spleen on the 
CT scan with evidence of contrast extravasation (arrow).
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Table 42.3 Kidney injury scale. The score is advanced by one grade for bilateral injuries up to grade III (data from Journal 
of Trauma 29:1664, 1989)67

Grade Type of injury Description of injury

I Contusion Microscopic or gross haematuria, urological studies normal
Haematoma Subcapsular, non-expanding without parenchymal laceration

II Haematoma Non-expanding perirenal haematoma confirmed to renal retroperitoneum
Laceration <1.0 cm parenchymal depth of renal cortex without urinary extravasation

III Laceration <1.0 cm parenchymal depth of renal cortex without collecting system rupture or urinary extravasation
IV Laceration Parenchymal laceration extending through renal cortex, medulla and collecting system

Vascular Main renal artery or vein injury with contained haemorrhage
V Laceration Completely shattered kidney

Vascular Avulsion of renal hilum which devascularises kidney
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Four categories of injury can be considered. Category 1 includes 
minor cortical contusion, subcapsular haematoma, minor laceration 
with limited perirenal haematoma, and small cortical infarct. Cat-
egory 2 includes major laceration with medullary extension (involv-
ing the calyces or not) and segmental infarction. Category 3 includes 
multiple renal lacerations and vascular pedicle injury. Category 4 
is the pelvic junction avulsion.66 Clearly, this classification cannot 
be based on US findings alone and requires a targeted CT study.

With the exception of very severe injuries (5–10% of cases), 
involving the renal vascular pedicle or the pyelo-ureteral junction, 
initial conservative management is normal. This applies most to 
minor injuries (70–85% of cases) and also to intermediate injuries 
(10–30% of cases). Blunt renal trauma requires surgery in no more 
than 5% of cases while penetrating trauma needs surgery in 52%  
of cases.

US findings

The use of US in renal trauma is difficult for two main reasons. First, 
the kidney is more deeply located within the abdomen compared to 
the spleen and liver, and its visualisation can be difficult or incom-
plete; the left kidney can be particularly difficult to see because of 

superimposition of bowel gas and because the splenic acoustic 
window is smaller than the hepatic one. Secondly, isolated renal 
injuries are only rarely associated with intraperitoneal fluid whilst 
retroperitoneal haemorrhage can be detected with US only if it is 
large and in a favourable site. US has a limited accuracy in the direct 
detection of renal injuries, with a reported 22% overall sensitivity 
and a 60% sensitivity in the subset of patients with severe injury.68

The involved kidney can be modified in shape and size. Focal 
deformities and areas of enlargement of the kidney are frequent, 
especially in the case of subcapsular collections or of severe, full-
thickness injuries. Echogenic clots may distend the urinary tract and 
cause hydronephrosis. Contusions may be undetectable or only 
identified as a subtle area of increased echogenicity; this is particu-
larly true in the first hours. Colour Doppler may recognise an area 
of decreased flow signal but this finding can be misleading, with risk 
of false positive diagnoses. Subcapsular collection may occur imme-
diately or develop after some hours, as a consequence of blood filtra-
tion from intraparenchymal injuries; frequently US fails to recognise 
the associated intraparenchymal injury. This needs CEUS or CT for 
demonstration. In severe parenchymal injuries with multiple areas 
of combined contusion, laceration and devascularisation, US will 
demonstrate perirenal collections, ill-defined renal borders and loss 
of normal renal echotexture (Figs 42.14 and 42.15). Nevertheless, 
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Figure 42.14 Renal injury. A: US image shows a subcapsular 
haematoma (callipers). B: Directional power Doppler image confirms 
the collection (arrow) but also shows a colour defect with the renal 
upper third. C: CEUS directly depicts the enhancing defect due to 
renal laceration (arrows).
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only CT will demonstrate the real severity of the injury, accurately 
demonstrating the vascular and pyelo-calyceal involvement. Perire-
nal collections after renal trauma can be due to blood or urine. In 
pyelo-ureteral avulsion the collection is usually recognisable medi-
ally, along the psoas muscle border, and colour Doppler will dem-
onstrate the unilateral absence of a uretero-vesical jet.

The CEUS appearance of renal trauma is similar to that described 
for the liver (see previously).30 Nevertheless, given the rather tran-
sient nature of the renal enhancement, the first two minutes from 
contrast injection are most important for injury detection. Further-
more, the ‘blood pool’ US contrast media, unlike the radiographic 
ones, are not excreted in the urine and so contrast leakage from 
injured calyces and pelvis cannot be shown.

OTHER INJURY SITES

Injury to the gallbladder is uncommon, accounting for 2–8% of all 
blunt abdominal visceral injuries. Isolated injury is rare. A compres-
sion mechanism may cause gallbladder injury, resulting in haemor-
rhage (especially in the case of cystic artery involvement) and bile 
peritonitis. US will show a distended or collapsed viscus, with 
thickened walls and pericholecystic effusion. Direct visualisation of 
the parietal laceration is rare.

Figure 42.15 Renal injury. A: The US scan shows a large, echoic, and inhomogeneous haematoma (arrows). B: The CT scan confirms 
the right renal haematoma (arrows).

A B

Pancreatic injuries are uncommon, representing 1–12% of intra-
abdominal trauma lesions.16 Nevertheless, these lesions are impor-
tant because they carry a significant morbidity and mortality (up to 
20%) and because their recognition is frequently delayed, especially 
when the retroperitoneal portions of the gland are involved. The 
duodenum and the main pancreatic ducts can be damaged. Increased 
amylase and lipase levels will be identified. Pancreatic lesions are 
difficult to identify with US, especially in the acute phase, and direct 
recognition of pancreatic contusion and partial laceration is ineffec-
tive. Occasionally, a perivascular hypoechoic halo, a crescent fluid 
collection between the stomach and pancreas, or a complex, mass-
like tissue around the gland will be identified. US can demonstrate 
post-traumatic pseudocyst formation and pancreatitis.

Bowel injury is difficult to identify and often recognised only 
after a delay. An intestinal injury (1% of injuries in BAT) should be 
suspected in every patient with a significant amount of peritoneal 
fluid and no evidence of parenchymal trauma. Direct US findings 
eventually include focal, usually circumferential bowel wall  
thickening, pneumoperitoneum and loculated peritoneal fluid16 
(Fig. 42.16).

Bladder lesions are usually identified with CT, following contrast 
opacification. In an intraperitoneal rupture of the bladder, the urine 
collects within the pelvic spaces but the amount depends on the 
degree of pre-trauma distension of the bladder. Transcatheter ret-
rograde filling of the bladder will increase the peritoneal fluid. 
Extraperitoneal rupture of the bladder does not cause peritoneal 
fluid and may be overlooked. Pelvic ring fractures are a very impor-
tant risk factor.

Direct detection of post-traumatic diaphragmatic defects is pos-
sible but difficult. The hyperechoic, curvilinear band of the hemidi-
aphragm will be seen focally interrupted. The injury may sometimes 
be indirectly highlighted by the herniation of intra-abdominal con-
tents into the thoracic cavity.

PITFALLS

Blood clot may mask the presence of an intra-abdominal haemor-
rhage. The echogenicity of clotted blood and its eventual isoecho-
genicity with adjacent parenchyma, makes it more difficult to 
detect.49

US versus CT in assessing parenchymal injuries

• US is less sensitive than CT for parenchymal injuries though the 
specificity is comparable.

• Parenchymal injuries can be barely recognisable on US in the first 
hours after the trauma. Usually, CT depicts injuries with a greater 
conspicuity.

• The main organ injuries are contusion, laceration, 
intraparenchymal haematoma and subcapsular haematoma.

• The US appearance of parenchymal injuries is variable. The lesion 
can be mostly hyperechoic, mostly hypoechoic, or can have a 
mixed texture.

• Parenchymal changes at US examination may not correlate with 
the grade of the injury and CT is necessary for trauma staging 
and decision making.
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Figure 42.17 A hyperechoic band within the spleen (arrow) 
mimics laceration.

Figure 42.18 A large left liver lobe encircles the spleen and 
simulates a subcapsular haematoma (arrows).

Figure 42.16 Pneumoperitoneum in a patient with stomach 
laceration. The US image depicts the perihepatic fluid and the free 
air-related artefacts (arrow).

The contour of an organ, especially the spleen and left kidney, 
may mimic a traumatic injury. This also applies to the hyperechoic 
incisures and clefts of the splenic surface, to the hepatic round liga-
ment, and to the hyperechoic diaphragmatic slips seen at level of 
the hepatic surface (Fig. 42.17). Knowledge of these normal variants 
is usually sufficient to avoid an interpretative mistake. It is of note 

that splenic clefts are generally located along the median aspect of 
the organ while lacerations typically involve the lateral surface.

A long left liver lobe, partially encircling the spleen below the 
diaphragm, may mimic a subcapsular or a perisplenic haematoma, 
as the liver is less echoic than the spleen (Fig. 42.18). By scanning 
the left hypochondrium from an anterior view it will be possible to 
see the left lobe reaching the spleen.

Non-traumatic lesions may simulate traumatic injuries, such as 
medium to large liver haemangiomas, especially if they are inho-
mogeneous and only slightly more echoic than the surrounding 
parenchyma. Subcapsular fibrosis of the spleen, a rare occurrence 
consisting of a thin layer of abnormal tissue along the splenic 
margin, may simulate a haematoma.

Enlargement of the spleen during follow-up may indicate an 
intraparenchymal injury but may also reflect the return to the 
normal state of the organ after vasoconstriction.

Some CEUS pitfalls have also been reported.29,30 During the early 
enhancing phase the splenic parenchyma may appear inhomogene-
ous (a finding similar to the well-known zebra pattern of dynamic 
CT and MRI). The transient nature of these pseudo-lesions allows 
the differentiation from true injuries, which persist and become 
more evident over time.

At 2–3 minutes from the contrast injection, the densely enhanced 
superficial portion of the spleen may cause transient obscuration of 
deeply located portions. Enhanced parenchymal arteries may 
mimic intrasplenic contrast extravasation and vice versa. Contrast 
medium extravasation should be differentiated from other causes 
of focal hyperechogenicity, including calcifications, enhanced 
pseudo-aneurysms, enhanced normal vessels and viable tissue 
within injured parenchymal areas. A contrast extravasation may be 
overlooked if the specific area is not adequately scanned or if it is 
scanned during the venous phase.50
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THE UNSTABLE TRAUMA PATIENT

A rapid US scan (FAST) is very important in the initial assessment 
of hypotensive subjects, in the Advanced Trauma Life Support 
(ATLS) protocol. Injured patients with systolic blood pressure 
lower than 90 mmHg on arrival need very prompt assessment and 
treatment. The main question is: is the hypotension due to a severe 
intraperitoneal bleed or to other causes (blood loss, intrathoracic or 
retroperitoneal bleeding, bony and muscular haemorrhage)? US has 
proven effective in detecting intraperitoneal fluid in subjects with 
out-of-hospital or emergency room hypotension, with an 83% sen-
sitivity.69,70 In a retrospective study on 128 hypotensive patients US 
showed an 85% sensitivity for detection of any injuries, a 97% sen-
sitivity for surgical injuries and a 100% sensitivity for fatal injuries. 
It showed that in this subset of the trauma population, a negative 
FAST scan virtually excludes a surgical injury while a positive FAST 
indicates a surgical injury in 64% of cases.71

Hypotensive patients are usually considered not stable enough 
to undergo CT scanning. There is no standard definition on fitness 
to undergo CT, and judgement is made by the trauma team based 
on various institutional and individual factors. Stabilisation is 
usually attempted prior to CT, allowing US to be performed during 
resuscitation manoeuvres.

US may fail to detect minor abdominal injuries but this will not 
modify the immediate management of a hypotensive patient. 
Hypotensive patients with a negative US scan will be further evalu-
ated, once they have been stabilised, to search for a cause of the 
hypotension: appropriate investigations will be expedited while, at 
the same time, unnecessary, catastrophic emergency laparotomy is 
avoided.

If US is positive and the patient cannot be stabilised, surgery 
should be performed immediately, without the need for CT. If US 

Figure 42.19 Algorithm 
for the diagnostic 
management of the stable 
and unstable trauma patient. 
*In selected cases the 
polytrauma patient may 
initially undergo unenhanced 
head and cervical spine CT, 
chest film and abdominal 
US. **Not always needed. 
***In selected cases the 
patient may go directly to 
surgery.

Blunt abdominal trauma

Stable patient Unstable patient

Low risk High risk or need for
multi-regional imaging*

Rapid, fluid-oriented US

Rapid, fluid-oriented US**‘Full potential’ US Positive/indeterminate

Indeterminate Positive***

Positive

Negative

Negative

Negative

Stabilised Not stabilised

Injury predictors

Admission/observation
/discharge

Surgery/
embolisation

Recognition and
treatment of

extraperitoneal
causes

Contrast-enhanced CT

CEUS or two-hour US

is positive but the subject can be stabilised, an attempt to perform 
CT should still be done33,59,71 (Fig. 42.19).

The potential role of CEUS in the unstable trauma patient is 
intriguing but it has not been adequately investigated yet.

PENETRATING TRAUMA

Penetrating abdominal trauma is usually the result of stab or 
gunshot wounds. A variety of trauma patterns may arise, depend-
ing on the type, entrance site, direction and penetration depth of 
the traumatic agent. Unlike the blunt trauma patient, most indi-
viduals with a non-superficial penetrating injury, especially in the 
case of gunshot wounds, will undergo surgery. Another specific 
aspect is the high incidence of hollow viscera injury (especially the 
small bowel) in comparison with blunt trauma. Gunshot wounds 
frequently involve multiple organs while stab wounds are often 
isolated, especially if the wound is limited to the back or flank.

US examination of a patient with a penetrating torso trauma may 
be technically more difficult than in the case of a blunt trauma. In 
a prospective study on 75 patients with stab or gunshot wounds 
FAST showed a 46% sensitivity and a 94% specificity, being useful 
only with a positive result.72 In the unstable patient with a FAST 
scan positive for pleural, pericardial or peritoneal fluid, surgery 
should be performed immediately. In the normotensive patient 
with positive FAST/US, a CT study should be obtained to accu-
rately detect and stage the lesions, although the US recognition of 
peritoneal fluid is an adequate indicator of peritoneal violation and 
consequent need for surgery. Finally, in the stable patient with a 
negative FAST or US, the decision to take a CT scan should be taken 
case by case.
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FOLLOW-UP OF ABDOMINAL TRAUMA

Non-operative management of patients with BAT is being employed 
with growing frequency and success rates. This is especially true in 
the child, where surgeons particularly try to avoid splenectomy 
because of the current understanding of the splenic role in the 
immunity process and of the potential risk of severe infections 
(including overwhelming post-splenectomy sepsis). It has been 
shown that mortality rate, morbidity rates, days of hospital stay, 
incidence of complications, and need for blood transfusion are  
not higher in patients managed conservatively than in those  
treated surgically. Currently up to 90% of spleen traumas in chil-
dren and up to 50% of spleen traumas in adults are managed 
conservatively.

The probability of success in conservative management of liver 
and spleen trauma seems to correlate with the amount of haemo-
peritoneum, as well as clinical and laboratory data.58,73,74 The deci-
sion to operate should not be based solely on a large amount of 
fluid. The most important aspects to consider for liver trauma 
include haemodynamic stability, limited amount of haemoperito-
neum (<500 mL) and limited severity of liver trauma (intrahepatic 
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haematoma or laceration, unilobar fracture, absence of devitalised 
tissue). Secondary aspects include absence of peritoneal signs, ade-
quate quality of CT scans, high radiologist expertise, availability of 
intensive care monitoring, rapid accessibility of the operating room 
and absence of surgical injuries in other organs (particularly absence 
of hollow viscera trauma).74 Non-operative management can be 
catastrophic if the patient is not selected adequately.

Management guidelines include serial vital signs, physical find-
ings and laboratory values. Worsening of any of these parameters 
indicates the need for imaging assessment. The modality to be 
employed, US or CT, is different in various institutions and the 
exact timing is unclear. There is a need to avoid an unnecessary 
number of imaging studies, especially when using CT and in 
children.

In a study of 25 patients with hepatic trauma successfully treated 
conservatively75 interval US agreed with CT in 92% of the cases, 
being adequate to detect or exclude complications, especially in 
low-grade liver injury. In patients with high-grade injury US may 
be an adjunct to follow-up CT. Although no series has yet investi-
gated the possibilities of CEUS in the follow-up of known injuries, 
it is reasonable to hypothesise that this technique may play a  
significant role. CEUS correlates better than US with the  

Figure 42.20 Liver injury follow-up. A: On arrival, US detects an 
inhomogeneously hyperechoic laceration (arrows). B: Immediate 
CEUS confirms the linear enhancing defect (arrows). C: Six hours 
later, the haemoglobin level has dropped, the haemoperitoneum is 
increased, and a repeat CEUS shows active contrast pooling 
(arrow).
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INTRODUCTION

Image-guided abdominal percutaneous interventional procedures 
have increased in popularity over the past couple of decades as they 
are less invasive than their surgical alternatives, are generally more 
cost-effective and have a high diagnostic accuracy.1,2 Many abdomi-
nal biopsies, drainage and ablation procedures can be performed 
under computed tomography (CT) or ultrasound guidance accord-
ing to user preference and experience but ultrasound has the advan-
tages of being comparatively inexpensive, portable and does not 
involve exposure to ionising radiation. Often ultrasound-guided 
procedures are less time-intensive than those performed under CT 
guidance and hence can be more cost-effective.3 Use of colour 
Doppler imaging enables assessment of the overall vascularity of a 
mass or lesion and allows identification of blood vessels along the 
proposed course of the biopsy needle or drainage catheter.4 
Ultrasound-guided interventional procedures have a learning 
curve and there is no substitute for breadth and depth of experience 
in performing them.

General principles of ultrasound-guided abdominal interven-
tional procedures (biopsy, drainage and ablation) will be covered 
in this chapter; other individual chapters will discuss organ-specific 
procedures in more depth.

PRINCIPLES OF BIOPSY/FNA 
TECHNIQUES

Ultrasound-guided percutaneous biopsy and fine-needle aspiration 
(FNA) cytology are invaluable techniques that have many appli-
cations in the abdomen. Technological advances in ultrasound  
platforms and software in addition to biopsy needle design have 
resulted in ultrasound-guided biopsy being considered an accurate, 
safe and widely accessible technique. Ultrasound allows real-time 
visualisation of the needle, which is particularly advantageous over 
other imaging modalities such as CT, when performing biopsies of 
organs such as the liver where the length of time the biopsy needle 
remains within liver parenchyma should be minimised to reduce 
the risk of haemorrhagic complications. In addition, it allows an 
angled approach that may be more challenging at CT imaging.

Patient selection/preparation

The decision to proceed to biopsy or drainage should be made with 
the clinical team responsible for the patient’s overall care. The ben-
efits of confirming a suspected diagnosis, or of a therapeutic procedure 
need to be evaluated against the inherent risks of the procedure.
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minimal risk of vascular injury. In addition to the reduced risk of 
iatrogenic injury, FNA is generally quicker to perform and may 
therefore be useful in very frail or unwell patients who are unable 
to tolerate a biopsy procedure. FNA has the added advantage of 
being safe to perform in an outpatient setting. Cytological slides 
can be prepared and examined immediately to assess for adequacy 
and formal reports can be issued rapidly if required. The process-
ing of an FNA specimen is also less expensive than for a core 
biopsy.

When performing FNA procedures, the local availability and 
expertise of cytologists is a consideration. Also the degree of confi-
dence in cytological diagnosis will vary according to the indication: 
for example, the diagnosis of recurrent malignancy can be more 
easily made on a cytological sample if previous tumour tissue has 
been obtained for comparison. For a new diagnosis of primary 
malignancy, however, a larger sample of tissue is often required 
and therefore core biopsy is generally preferred over FNA cytology. 
This is particularly important where different subtypes of malig-
nancy exist, such as with lymphomas, and accurate histological 
typing is necessary to plan treatment. Other conditions requiring 
histological confirmation include diffuse liver disease such as cir-
rhosis and renal parenchymal disease such as glomerulonephritis. 
However, FNA cytology allows better assessment of cellular detail, 
especially for small-cell tumours with fragile cells that are easily 
crushed during sectioning.

Most studies have shown core biopsy to be more sensitive than 
FNA in the diagnosis of suspected intra-abdominal tumours.7,8 A 
combination of core biopsy and FNA has, however, been found to 
improve diagnostic sensitivity.9

Needle types used for  
fine-needle aspiration

Needles vary in calibre (Table 43.1), tip design and length and there 
are a wide range of different products available from which to 
choose. Cytological samples are usually taken with small calibre 
needles (20–25G), although when a larger calibre needle is used for 
a core biopsy, a slide may also be prepared by pressing the core 
obtained onto a glass slide, to provide an additional cytological 
smear which can be used to give a more rapid result if required.

Different lengths of small calibre needle are available and the 
needle should be carefully selected according to the depth and size 
of lesion to be sampled (Fig. 43.1). For abdominal aspirations, the 
target will often be deeply situated and a spinal needle with a stylet, 
or another stylet needle is often used. The presence of a stylet within 
the needle helps to avoid contamination of the needle lumen with 
blood or tissue before it reaches its target. When using very fine 
needles, a stylet also aids insertion by stiffening the needle, which 
may otherwise bend and deviate from its course.

Ultrasound-guided procedures are usually performed under 
local anaesthesia and patient cooperation is paramount. If the 
patient is unable or unlikely to be able to cooperate with breathing 
instructions during the needle pass then the procedure and indica-
tions must be reassessed. Occasionally sedation or general anaes-
thesia is required and this is often the case in the paediatric setting.

Before a biopsy is performed, the coagulation status (a recent INR 
and platelet count) should be examined. When clotting is deranged, 
alternative methods of obtaining tissue can be sought or the coagu-
lopathy corrected.

It is important to consider the transient nature of platelets or fresh 
frozen plasma (FFP) replacement and to optimise the timing of the 
procedure to obtain maximum benefit. These patients are likely to 
have an increased post-procedural bleeding incidence and may 
require extended or overnight observations.

Similarly, vascular lesions are at increased risk of post-procedural 
haemorrhage and this may necessitate the need for peripheral 
venous access and the availability of cross-matched blood prior to 
the procedure.

Biopsy of an organ with an obstructed drainage system repre-
sents an increased risk for post-procedural complications and 
attempts should be made to decompress a system prior to biopsy (e.g. 
biliary drainage via percutaneous transhepatic cholangiogram).

Pre-procedural assessment

The pre-procedural assessment should aim to reduce the risk of 
procedural complications by optimising the patient’s physiology 
and identifying contraindications. For elective procedures, the 
patient requires skilled clinical assessment by the operator or a 
senior radiology nurse before the planned biopsy. The evaluation 
determines if a day case procedure is appropriate in the light of the 
patient’s fitness and home circumstances. It will also identify any 
contraindications and pre-procedural requirements prior to admis-
sion and allow the patient time to see the unit and discuss the 
procedure and the post-procedural care. Patient information leaf-
lets should be available for all common procedures and should be 
posted to the patient prior to the pre-assessment visit. This will help 
inform the consent process and should allay any anxiety and 
uncertainty.

Anxious patients or those with previous experience of painful 
biopsy procedures may require a pre-biopsy anxiolytic or prophy-
lactic analgesia. Following the biopsy the patient should be advised 
of the routine nature of the post-procedural observations and given 
comprehensive aftercare advice and relevant contact numbers. 
Patients should be told how and when they will receive their results 
and a follow-up outpatient clinic appointment organised prior to 
discharge.

FNA versus core biopsy

Fine-needle aspiration (FNA) provides a sample of cells for cyto-
logical analysis using a small calibre needle (20–25G). Generally no 
information on tissue architecture is obtained, although small 
calibre needles are occasionally used to obtain a core of tissue by 
fine-needle aspiration biopsy (FNAB). Core biopsy using larger 
calibre needles (14–19G) provides more structural information, 
which may be necessary for the histological diagnosis of both 
benign and malignant lesions.5,6 Both sampling methods have their 
advantages and limitations and the decision as to which sampling 
method to use depends on many factors.

Smaller calibre needles are useful where a deep mass lies poste-
rior to a loop of bowel, which may have to be punctured to gain 
access. As a general rule, the smaller the calibre of the needle, the 
less the risk of infection as a result of bowel puncture. Similarly, 
where a deep lesion lies close to critical structures (e.g. a pancreatic 
mass encasing the superior mesenteric vessels, or a central liver 
lesion abutting the vena cava), core biopsy may be deemed too 
hazardous but FNA could be performed as an alternative with 

Needle and catheter size standards

Catheters
• The French catheter scale (Fr) was devised by Joseph-Frédéric-

Benoît Charrière, a maker of surgical instruments in Paris in the 
nineteenth century.

• The symbol used is sometimes Ch instead of Fr.
• The external diameter of the catheter approximates to the Fr 

number divided by 3; e.g. a 12Fr catheter has an external 
diameter of 4 mm.

Needles
• The Stubs Iron Wire Gauge (SWG) was devised by Peter Stubs in 

the nineteenth century to measure the size of wires being 
manufactured in Birmingham, UK.

• The diameter of the needle (in inches) approximates to the 
reciprocal of the SWG number; e.g. a 20G needle has a diameter 
of one-twentieth of an inch (0.05 in).
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Menghini technique biopsy needles
Needles of this type are now rarely used for ultrasound-guided 
biopsy procedures. They are based on the Menghini principle in 
which the needle, stylet and syringe form a single unit. The stylet 
is attached to the plunger of the syringe and as the plunger is 
retracted, it moves up into the needle lumen, revealing the cutting 
needle tip. A locking device retains the plunger in the retracted 
position to maintain the negative pressure when the needle is 
advanced. When the needle is subsequently removed, the tissue 
core remains in the distal portion of the needle because of the stylet. 
The most commonly used size for abdominal biopsies is 21G 
(0.8 mm).

Manual sheathed biopsy needles
These needles have a biopsy chamber that can be opened and 
closed. After insertion to the correct depth, the needle is opened by 
advancing its inner portion so that the surrounding tissue falls into 
the biopsy chamber. As the outer part of the needle is advanced 
with the inner part fixed, the tissue in the chamber is cut by the 
sharp edge of the outer needle. The closed needle can then be 
removed with the tissue core in the chamber. This type of needle 
requires two hands to operate and so is not ideal for ultrasound-
guided procedures; it is now rarely used.

Semi-automated sheathed biopsy needles
Some biopsy instruments allow placement of the central stylet and 
its sampling notch at the exact position required and then fire the 
cutting sheath over the stylet (Fig. 43.3). There is therefore no addi-
tional forward excursion of the needle upon firing the gun, so 
minimising potential damage to adjacent structures. This is useful 
in the case of small lesions or those adjacent to critical structures 
such as large veins. A disadvantage is that when the target tissue 
is fibrous or very firm in texture, it may be difficult to manually 
advance the cutting needle through the lesion. This is often over-
come by the use of spring-loaded fully automated devices that 
provide more forward force to advance the needle into the target 
organ or tissue.

Various FNA techniques have been described but the method 
used is generally a matter of personal preference. FNA can be per-
formed using the needle alone: a rapid ‘jiggling’ motion with simul-
taneous rotation of the needle hub draws cellular material up into 
the needle lumen by capillary action. Alternatively a syringe (e.g. 
20 mL) may be attached to the needle and suction applied. There 
are also aspiration handles available that can be attached to the 
syringe to aid the process.

Needle types used for core biopsy

For core biopsy, larger calibre cutting needles are employed (nor-
mally 16–18G for abdominal biopsies) (Fig. 43.2). The size of biopsy 
needle chosen depends on the organ being targeted and may also 
vary according to the number of samples being obtained. For 
example, for a routine ‘background’ liver biopsy, a single pass is 
usually sufficient and so a larger (e.g. 16G) biopsy needle may be 
chosen. If the operator anticipates that several cores will need  
to be obtained, for example in the case of malignancy with focal 
lesions, then an 18G needle may be a more appropriate choice to 
reduce the risk of bleeding complications as a result of multiple 
punctures through the liver capsule. The shape of the tissue core 
obtained varies according to the design of the chamber within the 
biopsy needle; various manufacturers have designed biopsy instru-
ments which optimise the volume of tissue obtained for a given  
needle gauge.

Figure 43.1 FNA needle types. The type of needle used for FNA 
procedures should be selected according to the size of the target 
lesion and depth from the skin. Longer needles incorporate a stylet. 
From left to right: 20G spinal needle, 21G needle, 22G Chiba 
needle, 25G needle.

Figure 43.2 Core biopsy instruments from top to bottom: fully 
automated metal biopsy gun, fully automated disposable biopsy 
device, semi-automated disposable biopsy device, Menghini 
technique biopsy needle.

Table 43.1 Needle sizes: gauges of needles frequently 
used in abdominal interventional procedures, with their 
actual diameter (mm)

Needle gauge Diameter (mm)

22G 0.72
21G 0.82
19G 1.10
18G 1.26
16G 1.67
14G 2.13
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Occasionally it may be helpful to employ a coaxial system whereby 
a coaxial needle is guided to the region of interest, the central stylet 
is removed and then a smaller calibre biopsy needle is inserted 
through the coaxial needle several times to obtain the required 
number of cores. This has the advantage of allowing several samples 
to be taken without re-puncturing the superficial soft tissues or 
organ capsule, so reducing risk of haemorrhage and time taken to 
target the lesion/organ.9 The coaxial needle can be angled between 
samples to increase the volume of tissue sampled. Whilst this tech-
nique may be useful for ultrasound-guided biopsy of deep struc-
tures such as retroperitoneal lymph nodes, in practice, it is more 
commonly employed during CT-guided biopsy, particularly for 
lung lesions, where minimising the number of passes through the 
pleura and lung parenchyma reduces the risk of pneumothorax. A 
disadvantage is that the calibre of coaxial needle has to be larger 
than that of the biopsy needle, increasing the overall size of the 
needle track, with a possible increased risk of bleeding complica-
tions and damage to adjacent tissues.

Needle tip visualisation

Optimising visualisation of the needle tip is a key factor in the 
success of biopsy and drainage procedures performed under ultra-
sound guidance. Imaging of the needle shaft and tip can, however, 
be technically difficult, particularly during procedures that target 
deep structures, or in obese patients. The needle tip is more easily 
visualised in cystic structures, fluid collections or relatively 

Fully automated sheathed biopsy needles
Automated, spring-loaded biopsy instruments are popular. These 
can take the form of metal biopsy guns, which are designed for use 
with disposable biopsy needles of different gauges, or fully dispos-
able integrated plastic biopsy devices, which have a similar mecha-
nism of action. Whilst the disposable devices are more expensive, 
they avoid the difficulties associated with sterilisation of the metal 
biopsy guns. Fully automated biopsy instruments fire both a central 
stylet and cutting sheath in a rapid forward motion such that the 
tissue core is obtained at a preset distance (e.g. 2 cm) ahead of the 
visualised needle tip. Many of the instruments offer a choice of a 
1 cm or 2 cm throw depending on the size of target lesion or organ. 
This mechanism of action means that the operator needs to pay 
careful attention to the size of the lesion to be biopsied relative to 
the throw of the biopsy needle. Often the needle tip can be posi-
tioned at the superficial margin of the target lesion to avoid injury 
to adjacent organs. Some disposable devices have a dual action 
which allows an almost simultaneous advance of both components, 
as described above but, alternatively, they can be inserted with the 
inner specimen chamber extended, so that it can be positioned 
across the lesion under ultrasound control before the outer sheath 
is activated to cut off the sample.

Coaxial technique

Most abdominal biopsies are performed by making one or more 
passes into an organ or mass with a single biopsy needle. 

Figure 43.3 Mechanism of action of semi-automated biopsy instrument. A: The biopsy instrument is ‘primed’ prior to insertion 
under ultrasound guidance. Most disposable instruments offer the option of 1 or 2 cm core lengths. The biopsy needle is slowly advanced 
to the edge of the target lesion. B: The central stylet is then slowly advanced through the lesion whilst keeping the remainder of the 
instrument still. The notch can usually be visualised easily and so the operator can confirm that the target tissue will fall within the biopsy 
specimen. C: Once the operator is satisfied with the position of the central stylet/notch, the instrument is ‘fired’ by further firm forward 
pressure on the ‘plunger’, which rapidly advances the outer cutting sheath over the central stylet and samples a core of tissue.

A B C
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hypoechoic organs such as the kidney or liver but can be difficult 
to localise in more reflective tissues. The needle and sampling 
groove are better seen in superficial biopsies, such as breast or neck 
masses, when the needle shaft is at right angles to the ultrasound 
beam. In most abdominal biopsies, the needle shaft is angling away 
from transducer, making accurate localisation more difficult.

Several aspects of needle design may aid visualisation. Roughen-
ing the outer surface of the distal end of needles improves visualisa-
tion by increasing the scatter of the ultrasound beam10 and this 
technique is often employed in the manufacture of modern biopsy 
needles (Fig. 43.4). Other methods that have been reported to 
increase the reflectivity of the needle include coating them with a 
porous polymer, which traps microscopic air bubbles, so increasing 
beam reflection11 or embedding a polymer in the needle tip, which 
acts as a passive acoustic electrical transducer.12 Larger calibre 
needles are usually more easily visualised than those of smaller 
calibre and this may be a factor when deciding on the gauge of 
needle to use. By turning the needle so that the bevel faces upwards, 
the conspicuity of the needle tip is increased.

Figure 43.4 Tip of a typical biopsy needle in the closed and 
open positions. Note how there is a short section of the distal 
needle shaft, close to the tip, which appears ‘roughened’. This 
design feature increases scatter of the ultrasound beam and hence 
improves needle tip visualisation. With the biopsy needle in the 
open position, the ‘gate’ or ‘notch’ where the core biopsy sample 
will lie is clearly visible.

Aiding needle tip visualisation

• Explanation of need to keep still to reduce patient movement.
• Use appropriate transducer.
• Consider larger needle.
• Bevel of needle held uppermost.
• Ensure correct alignment of needle and transducer.
• Optimise focal zone and field of view.
• ‘Jiggle’ needle or move stylet in and out.
• Inject small amount of anaesthetic/saline.
• Needle guides may help.

The most frequent error seen amongst novices at freehand ultra-
sound intervention is lack of proper alignment of the needle and 
transducer (Fig. 43.5). It is imperative that the needle and ultra-
sound beam are aligned in the same plane for accurate visualisation 
of the needle tip. If the needle is proving difficult to visualise, the 
alignment of the needle with the transducer is the first thing that 
should be checked. Even if the needle passes through the skin at a 
point aligned with the centre of the transducer, it may be angled 
away from the centre plane and this should be checked by the 
operator and corrected if necessary. There are also various ‘tricks’ 
that can be employed by the operator to improve needle tip visu-
alisation. Where a co-axial system is being used, retracting the 
central stylet a few millimetres and moving it in and out rapidly 
improves conspicuity with minimal tissue trauma.13 ‘Jiggling’ the 
needle during insertion can aid visualisation by alerting the opera-
tor to movement around the needle tip. Sometimes injecting a tiny 
amount of local anaesthetic, saline or even air may help to accu-
rately locate the tip of the needle although care must be taken not 
to introduce too much air, as this can obscure the view. It is impor-
tant to choose the correct transducer for the individual procedure 
being performed and the focal zone should be adjusted to the near 
field to optimise needle tip visualisation. It is also helpful to mini-
mise the field of view to exclude extraneous anatomy and allow the 
needle to traverse at least one-third of the image.2 The use of colour 
Doppler imaging has also been suggested as a tool for improving 
detection of the needle tip due to the colour disturbance produced 
by manipulation of needles or catheters.4 Patient movement can 
also hinder needle tip visualisation; this can often be reduced by 
explaining the importance of keeping still to the patient before the 

Figure 43.5 Incorrect and correct alignment of transducer and needle. A: Incorrect alignment – the biopsy needle is off centre with 
respect to the transducer. B: Incorrect alignment – although the biopsy needle is correctly positioned with respect to the centre of the 
transducer, it is angled away from the plane of the beam such that the tip will not be visualised. These types of errors are best appreciated 
by looking along the line of the transducer or directly from above it; otherwise parallax error may result in an inaccurate assessment of 
transducer and needle alignment. C: Correct alignment – the biopsy needle is centred with respect to the transducer and is angled along 
the plane of the beam to optimise needle visualisation.

A CB
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Figure 43.7 Room set-up for a typical interventional 
ultrasound procedure. It is important that the operator, biopsy/
drainage site and screen are in alignment to facilitate the procedure. 
Everything required during the procedure (sharps disposal, waste 
bin, needles, catheters etc.) should be within easy reach and a 
trained assistant should be available in the room. Table position and 
height should be adjusted to suit the individual operator.

procedure and ensuring adequate local anaesthesia has been 
administered. There is no substitute for practice in ultrasound-
guided procedures and it is often helpful to use a biopsy phantom 
in order to hone the necessary hand–eye coordination skills for 
ultrasound intervention.14

Needle guides on the transducer control the path of the needle, 
restricting the needle’s course to a predetermined path in the image 
plane, which is projected onto the screen, so allowing rapid visuali-
sation and accurate placement of the needle tip. Most guides are in 
the form of attachments, which are clipped onto normal transduc-
ers; they may be disposable or require sterilisation. Their use is 
generally a matter of personal preference although they are particu-
larly useful for biopsy/drainage of deep structures or for endocavity 
procedures such as prostate biopsy (Fig. 43.6). There are many dif-
ferent commercially available needle guidance systems. Many of 
these guides allow a preselected angle of the guide relative to the 
ultrasound transducer. Guides are available with different calibre 
canals to accommodate different sizes of needles. The canal should 
be at least 3 cm long as this prevents the needle from deviating 
during the procedure. Many radiologists prefer a freehand approach 
to needle insertion and lesion targeting as it allows for fine adjust-
ments to be made during the procedure, to compensate for patient 
movement or altered position of bowel.

Targeting an area for biopsy or drainage may occasionally be 
performed in combination with other imaging modalities such as 
CT or fluoroscopy. This combined approach is useful during pro-
cedures such as nephrostomies. Software is becoming available 
which allows fusion of CT or magnetic resonance (MR) data with 
the ultrasound image to aid in guidance when lesions are difficult 
to identify on ultrasound alone.

Procedural planning and ergonomics

It is important to scan the patient carefully and spend some time 
planning any intervention in terms of patient positioning and access 
route, before commencing local anaesthetic injection. This will 
facilitate the procedure and minimise the time taken performing the 
subsequent biopsy or drain insertion.

It is necessary to consider probe shape and frequency, in addi-
tion to the depth and angle of needle insertion required. If addi-
tional imaging has been performed, e.g. CT, then it is helpful to 
have the imaging to hand for reference when planning and per-
forming a subsequent ultrasound-guided procedure. It is useful to 
be able to perform FNAs and operate a core biopsy instrument 
with either hand, as there are occasions when the location of the 
target tissue makes it awkward to perform the procedure with the 
needle in the operator’s dominant hand. Newer ultrasound plat-
forms have a flat screen which can be moved into alignment with 
the patient and operator so that the operator does not have to turn 
to visualise the screen, as any such movement may cause 

inadvertent needle or probe movement resulting in misalignment 
and loss of needle tip visualisation. It is also vital to have the bed 
or trolley at the correct height for the person performing the proce-
dure and the patient should be turned and moved to the edge of 
the bed to avoid the operator having to lean too far over them. 
Optimising room set-up in this way improves overall procedural 
efficiency (Fig. 43.7).

The exact site to be sampled within the target tissue also requires 
consideration. Some lesions such as squamous cell metastases tend 
to be centrally necrotic and so it is important to plan a needle trajec-
tory through the periphery of the lesion to obtain useful tissue for 
histological analysis. The degree of vascularity of a lesion may be 
variable and colour Doppler imaging will help the operator avoid 
major vessels within a lesion or organ.

Ultrasound has the advantage of portability and so procedures 
may be performed on wards, intensive care units or in a theatre or 
emergency department setting if required. It is, however, important 
to consider the requirements of an individual procedure carefully 
before commencing and ensure that all the necessary equipment 
and assistance is available. Ideally, an interventional ultrasound 
room should be equipped with a sink, sharps disposal bin, biopsy 
trolley and be in close proximity to resuscitation facilities. If patients 
are admitted for day case biopsies through a dedicated day case 
unit, this should be located close to the ultrasound room and trained 
assistants and nurses should be available to assist with the biopsy 
procedure itself and subsequently monitor the patient according to 
procedure-specific protocols.

Specimen handling

Having obtained a tissue sample, it is important to maximise the 
diagnostic value by carefully handling the sample and providing 
clear clinical and anatomical information for the pathologist. Speci-
men handling is simplified by the presence of an assistant; however, 
every effort should be made to minimise the risk of needle stick 
injuries. The preparation of high quality slides requires the presence 
of a cytopathology technician. If this facility is not available, advice 
on fixation methods and slide preparation should be sought from 
the local department.

Figure 43.6 The majority of needle guides are disposable, or 
have a disposable component which clips onto the relevant 
transducer over the top of the probe cover. This needle guide that 
clips onto an endocavity transducer can be used for procedures 
such as prostate biopsy or drainage of deep collections via a 
transrectal approach.
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to discharge. It also allows any complications to be identified and 
managed whilst the maximum numbers of staff are on duty and 
whilst interventional rooms are running. There is an argument that 
biopsy procedures should only be performed in a unit where any 
associated complications can be definitively managed to avoid the 
need for patient transfer with the associated delays that ensue. For 
the purposes of clinical governance, those performing biopsy or 
drainage procedures should audit their complication rates and 
monitor their success rate of biopsies in terms of the percentage of 
biopsy procedures resulting in sufficient material for histological 
evaluation.

Complications are specific to the organ/lesion undergoing biopsy 
or to the type of drainage procedure being performed. Complica-
tions will also be higher in those patients who have co-morbidity 
and in whom clotting studies are abnormal. Targeting of lesions 
that are deeper is also more likely to result in iatrogenic injury to 
adjacent structures due to poor visualisation of the needle tip.

Haemorrhage is the most common major complication after 
biopsy procedures. If there is clinical suspicion regarding haemor-
rhage, ultrasound may be employed to assess for the presence of 
free fluid but false negative scans may result from the fact that 
acute haemorrhage can be isoechoic to the surrounding organs. 
CT imaging is therefore preferable, provided that the patient is 
stable. Haemorrhage can also occur as a result of drain placement 
due either to injury to vessels along the course of the drain at the 
time of placement, or to subsequent erosion of adjacent vessels  
by the drain over a period of time. Other major complications as 
a result of ultrasound-guided abdominal intervention include  
infection (wound infection, deeper abscess formation or peritoni-
tis), bile leak and pneumothorax. Following drainage of intra- 
abdominal abscesses, rigors may occur, although the incidence is 
less than 5% and is usually avoided by appropriate use of anti-
biotic prophylaxis.

Minor complications include post-procedural pain and vasovagal 
reactions as well as complications specific to individual procedures 
such as self-limiting haematuria after renal or prostate biopsy.

Track seeding
Needle track seeding as a result of abdominal biopsy has been 
reported from a number of different tumour sites including pan-
creas, prostate, liver, kidney and retroperitoneum.15–19 It is a rare 
complication with rates of 0.0002% to 0.00005% reported for FNA 
biopsy.20,21 For biopsy of hepatocellular carcinoma using 18–20G 
needles, however, track seeding rates of up to 3% have been 
reported.22 A recent review of 41 papers revealed a median risk of 
tumour seeding from percutaneous biopsy of hepatocellular carci-
noma of 2.29% (range 0–11%).23 As a result of the risk of seeding of 
hepatocellular carcinoma along biopsy tracks, it is generally recom-
mended that diagnosis be achieved by non-invasive means and that 
core biopsy be reserved for cases not amenable to surgical 
resection.24

PRINCIPLES OF DRAINAGE TECHNIQUES

Diagnostic aspiration versus drainage

Ultrasound-guided aspiration of fluid collections to obtain a diag-
nostic sample, or more frequently for therapeutic drainage, has 
become an essential service for the acute management of surgical 
and medical patients. With improvements in the equipment and 
technique the vast majority of fluid collections can now be managed 
with appropriately sized and sited catheters; however, success 
depends on an understanding of a few key concepts. The initial 
assessment of the fluid collection along with an understanding of 
the overall management plan for the patient is essential before 
embarking on any intervention.

Following core biopsy the needle should be placed within forma-
lin and the needle gate opened according to the manufacturer’s 
instructions. Specimen pots should be securely fixed within a stand 
and should not be held by an assistant (Fig. 43.8). The needle may 
require gentle agitation to release the sample but efforts should be 
made not to damage the tissue sample. Occasionally a second 
needle is required to help remove the tissue from the biopsy needle. 
After the biopsy has been performed, the sample should be care-
fully evaluated under a bright light to assess for sample adequacy. 
Soft tissue is seen to sink while fat floats to the surface.

Post-procedural care

Good post-procedural care reduces the morbidity associated with 
percutaneous biopsies and interventions by identifying complica-
tions early and instigating the appropriate management. Immediate 
post-procedural scanning has a low sensitivity and specificity for 
identifying complications. The majority of complications become 
evident during the early post-procedural period; it is for this reason 
that the patient should be closely observed to a standard protocol 
in a dedicated nursing unit. Patients are best observed in the peri-
procedural period within a day care unit in the radiology depart-
ment. This allows for the operator to easily assess all patients and 
when pain or observations warrant, arrange for a repeat ultrasound 
or CT assessment. Post-procedural pain is a common finding and 
usually responds to simple non-steroidal analgesia (e.g. diclofenac 
100 mg suppository) and reassurance. If opiate analgesia is required 
the patient should be reviewed to assess for early evidence of hypo-
volaemia. Standard procedure-specific post-biopsy observation 
sheets should be used and clearly highlight the management of 
suspected complications.

Safety/Complications

Ideally biopsy procedures should be performed on a morning list. 
This is particularly important for day case procedures to enable 
observation of the patient for the appropriate length of time prior 

Figure 43.8 Wooden stand designed to contain two specimen 
pots so that core biopsies from the prostate can easily be placed 
into the correct pot according to the lobe of the prostate from 
which they were taken. By securing specimen pots in a stand, 
rather than an assistant holding them when the core of tissue is 
removed from the biopsy needle, the risk of needle stick injury is 
greatly reduced.
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Locking drains
Fine-bore drainage tubes (5–7Fr) are usually unlocked. However, 
from 7Fr to 16Fr the option of a locking loop is often incorporated 
to improve anchorage and reduce the possibility of inadvertent 
drain removal. The locking pigtail is usually tensioned with a 
thread that is then captured within a locking mechanism within  
the hub. While the various mechanisms are different they can 
usually be released by cutting off the hub well away from the skin 
entry site. Locked drains reduce accidental removal rates but are 
more expensive and often require removal within the radiology 
department.

Sump drains
Sump drains have a second smaller lumen through which air can 
pass to prevent a cavity from collapsing around the catheter tip. 
This channel can also be used for irrigation of viscous collections. 
These drains are advocated for peritoneal collections although the 
advantage over a conventional 10–12Fr locked drain is debatable. 
They can be used to replace smaller drains if collections fail to 
resolve.

Side holes
Most polyurethane drains have the side holes along the inside of 
the pigtail. Biliary drains have further holes along the shaft of the 
drain for a variable length. When planning drainage procedures it 
is important to assess the need for extra side holes along the shaft. 
If required these can be tailor-made using a scalpel. Extreme caution 
is required not to weaken the drain or damage the locking thread 
within the tube. Extra holes can be cut in larger drains by kinking 
the drain and cutting across the corner (Fig. 43.11).

Drain placement

There are a large number of indications for ultrasound-guided 
drain placement in the abdomen and pelvis ranging from drainage 
of a complex solid organ abscess to drainage of large volume simple 
ascites. Drainage procedures may be employed as a definitive treat-
ment or as a temporising measure in a patient unfit for general 
anaesthetic. It is important to ensure that the appropriate equip-
ment is to hand before starting a procedure, for example checking 
that the correct size guidewire is available for the selected aspira-
tion needle and drainage catheter and giving consideration to any 
alternative equipment that may be useful, depending on how the 
procedure evolves. By scanning collections prior to drainage, it is 
possible to predict what type of material is contained within them 
(see above); however, it is always advisable to aspirate some of the 
collection before making a final decision as to what type and calibre 
of drain to insert, as some collections can be deceptively viscous. If 
the aspirated fluid appears non-infected and it can easily be 

Pre-procedural assessment

As with biopsies, careful consideration must be given to the reasons 
for percutaneous drainage of a collection and a risk/benefits assess-
ment made, preferably in discussion with the clinical team looking 
after the patient. The nature of the collection, its location in relation 
to surrounding structures, potential access routes, the type and the 
number of drains to be used must all be considered. If an infected 
collection is considered likely and the patient is not already on 
antibiotics, then broad spectrum antibiotic cover should be 
arranged.

The nature of the collection

Ultrasound is an accurate method for the assessment of the internal 
complexity and viscosity of a fluid collection. The initial assessment 
should involve the use of colour Doppler to prevent the inadvertent 
drainage of an aneurysm, followed by characterisation of the fluid 
component to determine needle and drain type and approach 
(Table 43.2, Fig. 43.9).

As fine-bore 21G or 22G needles are flexible, a generous skin 
incision is required to prevent the needle bending and deviating. If 
no fluid is aspirated with a 21G needle, a repeat puncture with an 
18G needle should be attempted. If this fails, the collection should 
be re-examined to exclude a necrotic tumour, for which ultrasound-
guided biopsy would be more appropriate.

When draining complex collections, it is important to scan the 
collection carefully and scrutinise any other available imaging (e.g. 
CT) in order to establish whether multiple collections are likely to 
connect and hence whether insertion of a single drain or multiple 
drains is appropriate. The choice of drain insertion site should also 
depend on the most dependent part of the collection, comfort for 
the patient (ideally a drain should not be placed where a patient 
will sit or lie on it) and ease of drain emptying if required.

Drain types (Fig. 43.10)

Drainage catheters are produced in a wide range of sizes (Table 
43.3) but the ability of a catheter to drain viscous fluids and particu-
late debris is determined by two limiting factors, namely the side 
hole size and the end connector type of the catheter. Many com-
mercially available 8–14Fr drains have the same sized side holes, 
providing little advantage to larger drains of this type. Large-bore 
16Fr and 18Fr drains are available with Luer lock type ends. These 
are often attached to a three-way tap, completely negating the 
advantage of a large drain as the internal diameter of the standard 
three-way tap ranges from 1.27 to 1.52 mm, which is much smaller 
than the internal diameter of the 8Fr catheter (1.68 mm).25 If large-
bore drains are to be used, a bladder catheter type connection is 
preferable as these can be flushed using a bladder syringe and allow 
large particulate debris to drain.

Table 43.2 The nature of the collection: initial ultrasound characterisation of the fluid collection is helpful in determining 
the most appropriate type and size of needle and drainage catheter

Ultrasound appearance Likely fluid Needle type/gauge (G) Drain

Anechoic (Fig. 43.9A) Clear thin 21G for diagnostic aspiration 5–8Fr pigtail drain
Scattered echoes (Fig. 43.9B) Turbid fluid – pus 18–19G cannula needle 8–10Fr pigtail drain
Extensive echoes (Fig. 43.9C) Thick pus – haematoma 18G cannula needle 12–16Fr pigtail or sump drain
Semi-solid collection  
(Fig. 43.9D)

Phlegmon, necrotic tissue 
or haematoma

18G (may be unable to 
aspirate)

Large-bore drain 14–28Fr
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Figure 43.9 Assessing the nature of a fluid collection. A: Longitudinal ultrasound image in right upper quadrant – simple (anechoic) 
ascites, amenable to drainage with a 5–8Fr pigtail catheter. B: A post-appendicectomy collection in the right iliac fossa – note there are 
scattered low-level echoes indicating the presence of turbid fluid or pus. An 8–10Fr drain would be suitable for draining this type of 
collection. C: Left upper quadrant collection in a patient with pancreatitis. Note the degree of complexity and internal echoes, which 
indicate thicker pus (or haematoma). Collections with this appearance usually require a 12–16Fr drain or sump drain. D: A liver abscess 
– note the heterogeneous and more solid appearance but with some distal acoustic enhancement. Collections such as this require a 
larger-bore drain (14–28Fr).

A

B

C D

aspirated to dryness, then it may not be necessary to go on to drain 
insertion. If, however, pus is obtained, then only a small amount 
should be aspirated to maximise the size of the residual collection, 
which aids subsequent drain placement.

Interventional ultrasound procedures should be performed using 
sterile technique. Disposable plastic probe covers are commonly 
used as they avoid the difficulties of sterilising ultrasound trans-
ducers themselves. Enough gel should be placed inside the probe 
cover so as not to allow air to degrade image quality and sterile gel 
is then used as a coupling agent.

Trocar technique

This is a single-step technique utilising a drainage catheter which 
fits over a stiffening cannula which in turn contains a central sharp 
stylet. The three-part drainage assembly is inserted directly into the 
centre of the collection and then the central stylet is withdrawn and 
if fluid is successfully aspirated, the drainage catheter is advanced 
over the stiffening cannula. This method is quick to perform and 
may be suitable for large superficial collections such as large volume 
ascites.
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Figure 43.10 A selection of drainage catheters. Note the 
variation in calibre, length, end connector type and side hole 
configuration. Many drains incorporate a pigtail loop at the catheter 
tip and may also have a locking thread mechanism.

Figure 43.11 Cutting extra side holes in a 
large-bore drain. The drain is kinked and 
then using a sharp blade, extra side holes 
can be cut across the corner but extreme 
care must be taken not to weaken the drain 
by cutting too large a hole or to damage the 
locking thread if present.

Seldinger technique
A 16G or 18G vascular access needle, or similar, is used for the initial 
puncture and aspiration of the collection. A standard 18G vascular 
access needle allows the passage of a standard guidewire (0.035 or 
0.038 inches); the guidewire should have a long flexible tip to allow 
it to coil within the collection and it should be longer than the drain. 
For small or challengingly located collections, the initial puncture 
may be made with a 21G needle from a proprietary access set, 
which takes an 0.018 guidewire and allows exchanges up to 0.035. 
When the main guidewire is established in the collection, the needle 
is removed over the guidewire and exchanged for dilators, which 
widen the track to an appropriate size for the required drain. A 
drainage catheter/stiffening cannula assembly (without a sharp 
central stylet) is then passed over the guidewire into the  
collection. The guidewire and stiffening cannula are then removed 
at the same time as the drainage catheter is advanced (Fig. 43.12). 
Confirmation of drain position can be achieved with post- 
procedural ultrasound scanning if required and if difficult to visu-
alise, colour Doppler imaging during aspiration may improve 
conspicuity. If the drainage is potentially less than straightforward, 
it is of value to carry out the procedure in a fluoroscopy room, 
where screening and contrast enhancement can be used in addition 
to ultrasound to position guidewires and drainage catheters.

Following placement of a drainage catheter, the collection should 
be aspirated straight away as drains may soon block or become 
dislodged. Samples can then be sent for microbiological or bio-
chemical analysis as required. Once the collection is fully aspirated, 
it is good practice to flush an abscess cavity with saline to ensure 
that as much debris as possible is cleared.

Drain fixation

It is important that the drain is placed in a practical and comfortable 
position. The drain should be securely fixed to minimise the risk of 
accidental displacement either using a propriety adhesive anchor-
ing system (Fig. 43.13) or suturing the drain to the skin. If the drain 
is attached to a drainage bag this should also be carefully secured. 
Locked drainage catheters can be placed directly into stoma bags 
and this reduces the risk of accidental displacement.

Post-procedural care

To gain maximum benefit from a drainage catheter the interven-
tional radiologist needs to maintain ownership of the patient and 
should routinely review the patient on the ward, which should 
have experience in dealing with patients who have percutaneous 
drains. Many drainage catheters benefit from irrigation with 10–
15 mL normal saline 2–3 times daily but this volume may be 
increased in certain clinical situations (turbid or semisolid collec-
tions). If the clinical response is slow the abscess should be re-
imaged with a view to possible further drain insertions or ‘up-sizing’ 
the initial drain. Occasionally ‘tubograms’ can be useful to identify 
fistulous communications or to allow for fluoroscopically guided 
repositioning of a drain within a complex collection. The decision to 
remove a drain should be taken in the context of the patient’s recov-
ery. Repeat imaging is not required prior to drain removal in sys-
temically well patients with normalisation of the white cell count 
and a drainage output of less than 15 mL per day. More complex 
collections may require imaging review prior to removal. Most 
drains can be simply withdrawn without the need for ‘shortening’, 
a practice often used for surgical drains. Locked drains should be 
removed with fluoroscopic assistance if there is any resistance or 
pain following initial attempts at drain removal. Occasionally 
guidewire manipulation is required to release the locking loop.

Cyst ablation

When large cysts within the abdomen or pelvis become sympto-
matic, ultrasound-guided drainage may be considered. Simple 
aspiration may relieve symptoms temporarily but often cyst fluid 

Drain removal – endpoints

• Drainage less than 15 mL/day.
• Resolution of sepsis and normalisation of appetite.
• Reduction or normalisation of white cell count.
• Reduction or resolution of collection on repeat imaging.

Table 43.3 Drain sizes: commonly used drainage catheter 
sizes (French gauge), with their actual diameter (mm) and 
relative cross-sectional luminal size

Catheter size 
‘French’

Diameter 
(mm)

Relative internal 
lumen

6 2.0 •
8 2.7 •

10 3.3 •
12 4.0 •
14 4.7 •
18 6.0 •
24 8.0 •
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communication with other structures should be established (e.g. by 
contrast injection and fluoroscopy), as inadvertent alcohol injection 
into the renal collecting system or biliary tract could have disastrous 
consequences. The procedure involves initial aspiration of cyst 
fluid, usually via a small drain (5–8Fr) followed immediately by 
injection of sclerosant into the cyst cavity. If alcohol is used, the 
addition of local anaesthetic may be beneficial as patients some-
times experience burning pain as a result of the alcohol injection. 
With the drain still in situ, the patient is asked to slowly roll to 
either side over a 20-minute period to allow the sclerosant to coat 
the entire cyst cavity. After this time, the alcohol is aspirated and 
the drain removed. If the cyst is large the drain may be left in situ 
to facilitate further treatments, if these are considered likely to be 
necessary. High success rates for ablation of renal cysts26 and 
hepatic cysts have been reported.27 Occasionally patients with large 
benign ovarian cysts benefit from ultrasound-guided transvaginal 
aspiration.28 However, care must be taken to confidently exclude 
malignancy prior to the procedure.

PRINCIPLES OF TUMOUR ABLATION

Advances in diagnostic imaging are significantly improving the 
detection and confirmation of smaller tumours in different organ 
systems. The identification of these small malignancies is causing a 
management dilemma as it is increasingly difficult to justify major 
surgery for small lesions in an often elderly patient population. This 
in turn has driven the evolution of less invasive techniques such as 
image-guided tumour ablation. Image guidance is central to tumour 
ablation and ultrasound plays a key role in such treatments for small 
volume, solid organ and abdominal disease. Ablative techniques 
within specific organ systems are also dealt with under separate 
chapter headings so this section will deal with the general principles 
of image-guided ablation (IGA). Lung tumour ablation will not be 
addressed here, as this is largely a CT-guided technique.

Figure 43.12 The Seldinger technique for drainage catheter insertion. A: Under ultrasound guidance, a vascular access needle is 
inserted into the collection, with a 10 mL syringe attached. Fluid is then aspirated to confirm correct positioning and to assess the nature 
of the collection. B: A guidewire is then inserted through the needle, such that the flexible end is coiled within the collection, whilst 
ensuring that the remaining visible guidewire is significantly longer than the drain to be inserted. The vascular access needle is then 
removed over the guidewire, taking care not to dislodge the guidewire in the process. C: If the track requires dilatation (depending on the 
size of drain to be inserted), a series of plastic dilators may be passed over the guidewire to facilitate subsequent drain insertion. Gently 
twisting the dilator whilst advancing forward through the abdominal/chest wall aids insertion. The dilator is exchanged for the drain together 
with the central stiffening cannula (but without the central sharp stylet if one is provided in the drain pack). The drain may also require a 
twisting action to aid insertion through muscles and fascia. D: When the tip of the drainage catheter assembly is within the collection, the 
central stiffening cannula is held still and the drainage catheter is gently advanced further over the guidewire into the collection. The 
guidewire and stiffening cannula are then removed together, taking care not to dislodge the drain. As soon as the guidewire is removed, 
the ‘pigtail’ of the drain will form and can be locked if necessary.

A B C D

Figure 43.13 A selection of drainage bags and fixation 
devices. It is important to secure the drain before the patient is 
moved from the ultrasound table and to inform the patient and 
nursing staff of the mechanism of drain fixation and whether or not 
it is locked.

reaccumulates and hence subsequent sclerosis of the cyst can  
be performed to reduce the risk of recurrence. Although various 
substances have been used as sclerosing agents for cyst  
ablation, including tetracycline and talc, 95% ethanol is the most 
widely utilised. Prior to any cyst ablation procedure, lack of 
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achieved by ‘clustering’ needles on a single hand piece or in 
multipolar arrays or through expandable, ‘multi-tined’ needle 
arrays (Fig. 43.14).

Cryoablation
This thermal ablative energy has been in variable use for a few 
decades but only recently has there been renewed interest in this 
technique as a result of the introduction of narrow gauge (17G) 
argon cryoprobes (rather than the previous larger nitrogen probes), 
so enabling a percutaneous treatment approach (Fig. 43.15). Given 
current technology, multiple parallel probes still need to be placed 
in the target (approximately three to four probes to obtain a reliable 
3 cm sphere of confluent tissue destruction) under imaging guid-
ance. Cryoablation uses multiple ‘freeze–thaw’ cycles (usually two) 
to incur adequate tissue injury and the ‘cell kill’ line is usually 
defined by the −20°C to −40°C isotherm. Clearly, as with other 
thermal techniques, the cyto-destructive, ‘treatment front’ fades 
into sublethal temperatures but it is believed that the −20°C iso-
therm lies within a few millimetres of the advancing ‘iceball’ edge 
(depending on the organ environment). Uniquely and significantly, 

Image-guided ablation is easy in concept but more difficult in 
practice if oncological outcomes from standard resective surgery 
are to be matched. Undoubtedly the improved spatial and contrast 
resolution of modern imaging has enabled the accurate confirma-
tion of disease in the liver and kidneys in the 10–30 mm range. This 
imaging achievement has brought small volume disease within the 
scope of image-guided ablation. In-situ thermal ablation must be 
achieved without significant injury to adjacent organ structures. It 
needs to be monitored both during the procedure for the purposes 
of determining accurate thermal ablative volumes and in post- 
procedural follow-up to ensure that the tumour target has been 
destroyed without complications or adjacent injury. In involving 
ultrasound as a key image-guidance tool this discussion will centre 
around liver and renal tumour ablation but the general principles 
can be applied to focal nodal, adrenal, lung and bone disease 
(although specifics of the latter are not detailed in this chapter).

There are three key areas to address in achieving safe and effec-
tive ablation. The practitioner must have a clear understanding of 
all three areas and how they can best be modified in an individual 
tumour and patient to achieve an optimal outcome that is at least 
equivalent to that achieved with traditional surgical resection.

Ablative energy

In undertaking an ablative procedure the operator must have a firm 
understanding of the biophysical principles of the ablative energy 
they are to use. Most ablative techniques employ thermal injury to 
achieve coagulative tissue necrosis through heat deposition; 
however, the volume of ablation achieved is modified in vivo by 
local tissue interactions, which affect how well the thermal energy 
is propagated, and by heat loss, which is related to tissue-mediated 
cooling by virtue of local perfusion or ‘heat sumping’ arising from 
blood flow in adjacent vessels. Some techniques such as radio- 
frequency ablation are highly reliant on conductive heating of the 
tissues at anything more than a few millimetres from the probe tip 
and the operator must be cognisant of these limitations in planning 
a tumour ablation. The key target for the operator is complete treat-
ment of the tumour and it should be self-evident that this will 
require a complex, global, 360° treatment margin. Usually the more 
central tumour neovascularity is highly susceptible to thermal abla-
tion, with subtotal treatments and marginal recurrences occurring 
because of sublethal temperatures towards the tumour margin. It is 
striking that targeted tumour ablation in the abdominal viscera has 
been evolving over the last two decades and this slow development 
testifies to the difficulties of adequate thermal ablation in vivo, for 
the reasons outlined above.

Ablative techniques

Radio-frequency
This technique has evolved rapidly in recent years and now repre-
sents the most widely used ablative energy. Monopolar radio- 
frequency ablation (RFA) involves the application of high-frequency 
alternating current (at approximately 460–500 kHz) to the target 
tissue through a needle-like probe. The technique can be likened to 
large volume electrocautery with the induction of heat around the 
uninsulated probe tip through ‘radio-frequency’ agitation of polar-
ised water molecules causing localised frictional heating. Large 
dispersive electrodes are attached to the patient’s trunk or thighs 
and the concentration of current flux around the probe tip results 
in irreversible cell damage (coagulative necrosis) at temperatures 
between 55°C and 110°C. If temperatures of 60°C and 100°C can be 
maintained throughout the treatment volume for more than a few 
minutes, cell death occurs.29,30

Basic single needle applicators have been modified to achieve 
useful and reproducible 3–5 cm spheres of tissue destruction within 
a clinically relevant time frame of 15–20 minutes. This has been 

Figure 43.14 Examples of common radio-frequency probe 
configurations. By clustering the monopolar RF probe tips, the 
volume of ablation is compounded. Similarly the expandable probe 
is gradually deployed through the tumour mass to achieve 
‘cytoablative’ temperatures from the inside outwards.

Figure 43.15 Examples of argon cryoprobes. In order to 
achieve a clinically useful therapeutic ‘iceball’ multiple probes are 
placed around the tumour, as a rule, usually 1 cm in from the 
tumour margin and 15–20 mm apart.
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Focused ultrasound
This topic will be reviewed under prostate ablation in the genitouri-
nary section of this text and is only briefly reviewed here. Focused 
ultrasound achieves small focal areas of thermal tissue destruction 
by means of focusing sound energy in the 1 MHz range using an 
extracorporeal acoustic lens. This technique has the clear advantage 
of being non-invasive but to date only achieves small ovoid abla-
tions of approximately 12 × 3 mm (i.e. ‘rice grain’-sized lesions). 
These foci must be ‘stacked’ together to achieve clinically useful 
confluent areas of tissue destruction. The procedure is therefore still 
time-intensive and limited by inadequate acoustic access to permit 
wide aperture systems, besides the problems of accurate respiratory 
gating for the purposes of targeting. As a result, clinical and onco-
logical applications remain largely confined to transrectal prostate 
ablation and central devascularisation of uterine fibroids.34

Interstitial laser photocoagulation
Interstitial laser photocoagulation (ILP) was developed in the 1980s 
and its use has been reported in the successful treatment of liver 
metastases.35 However, its clinical applicability has remained com-
promised by the need to place multiple fibres to create even mod-
estly sized treatment zones.

Alcohol ablation
Ultrasound-guided instillation of absolute alcohol remains a valid 
ablation technique for small nodular hepatomas of less than 20 mm. 
Many practitioners feel that in lesions any larger than this its dis-
tribution is unreliable due to tumour heterogeneity and intratu-
moral septa. As a result there is often an unacceptable local tumour 
recurrence rate in hepatomas any greater than 20 mm in diameter. 
Due to unreliable intratumoral distribution it has largely been 

the iceball itself is readily resolved by ultrasound (Fig. 43.16), CT 
or MR.

The mechanism of cryoablative cell death appears to be multifac-
torial.31 Rapid intra-and extracellular ice formation injures the cell 
membrane and intracellular organelles and slower extracellular ice 
formation causes osmotic dehydration and perforation of cells, par-
ticularly towards the edge of the ‘cryo-lesion’. The thermal injury 
is compounded by small vessel thrombosis and vascular injury as 
well as possible ‘immuno-sensitisation’ of the treated tissue. Impor-
tantly cryoablation may achieve a better-defined treatment margin 
than RFA with less of trailing thermal profile towards the edge of 
the treatment zone.

Microwave
Microwave radiation lies close to radio-frequency radiation in the 
electromagnetic spectrum, with operating frequencies in the 900–
2450 MHz range. Water molecules are intrinsically polar in terms 
of charge distribution and when subjected to oscillating microwave 
radiation they rapidly vibrate within the field. Water molecules are 
relatively ‘free’ to do so but the phase of the oscillating water mol-
ecule lags behind the applied microwave (MW) field and results in 
localised heating (‘lossy dielectrics’). Microwave ablation achieves 
larger, more effective areas of lethal heating than RFA as it actively 
heats up to 2 cm from probe and is therefore less subject to tissue-
mediated cooling.32

Microwave energy is applied through single or grouped arrange-
ments of needle-like applicators. By tuning these probes to 915 MHz, 
optimal soft tissue heating is achieved in less time with larger abla-
tion zones, along with thrombosis of small to moderate calibre 
vessels when compared with radio-frequency ablation.33

However, microwaves, like radio-frequency ablation, induce con-
siderable ‘outgassing’ during the procedure and peri-procedural 
monitoring of the treatment zone remains problematic.

Figure 43.16 Cryoablation. A: Ultrasound of colorectal liver metastasis suitable for cryoablation at just 3 cm. B: The engulfing ‘iceball’ 
casts a dense specular reflection at its leading edge, obscuring global appreciation of the target lesion during treatment. Cryoablation 
within radiology departments is therefore often combined with CT or MR guidance for fuller appreciation of the evolving iceball. (Images 
courtesy of Fred Lee Jr MD, University of Wisconsin, Madison.)
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be considerably less apparent at unenhanced CT or ultrasound. 
Some practitioners will assist image guidance by placing a metallic 
embolisation coil close to a target tumour, thereby easing visualisa-
tion via another approach.

In routine practice this author (DB) uses a combination of real-
time ultrasound guidance for optimal depth of probe placement 
and dispersal before secondary CT confirmation. CT can then be 
used for additional manoeuvres such as 5% dextrose ‘hydrodissec-
tion’ to displace adjacent bowel. On occasion ultrasound visualisa-
tion is compromised and some manufacturers have moved to 
address this by combining ultrasound and CT on a single display 
platform (Fig. 43.18). The position of an ultrasound probe can be 
defined within a radio-frequency space around the patient and a 
volume of previously acquired CT data is then displayed corre-
sponding to the plane of the real-time ultrasound image. This 
permits the dual display of the real-time ultrasound image and cold 
CT data in any plane and considerably addresses the limitations of 
either modality alone.

Peri-procedural monitoring
Intra-procedural confirmation of treatment adequacy remains prob-
lematic. Visualisation of tumours during radio-frequency and 
microwave ablation procedures is severely compromised by ‘out-
gassing’ from the treated lesion (Fig. 43.19). A number of authors 
have reported the potential of peri-procedural contrast-enhanced 
ultrasound37 or MR-thermometry.38 In current practice experience 
has taught most ablationists how much energy needs to be depos-
ited at a particular site to achieve the desired treatment volume. It 
remains clear, however, that over-treatment in relation to the 
in-vivo treatment claims and guidelines from probe manufacturers 
is still required to achieve adequate treatment volumes.

Cryoablation induces a perceivable iceball which can be readily 
visualised by many imaging techniques (Figs 43.16 and 43.20). This 
is an undoubted and uniquely advantageous feature of cryoabla-
tion. However, as illustrated in Figure 43.16, the specular reflection 
of ultrasound at the leading edge of the iceball can confound global 
target visualisation, which may be better achieved by CT (Fig. 43.20) 
or MR. Importantly the distribution of the apparent ‘iceball’ should 
not be confused with the ultimate, lethal cryoablation zone which 
may lie some millimetres deep to the advancing margin of the 
iceball.

Post-procedural imaging
To date, the ultimate ablation zone achieved by a treatment has 
largely been determined by contrast-enhanced imaging techniques, 
taking non-enhancement as a surrogate marker of tumour ablation. 
Whilst immediate post-procedural, contrast-enhanced CT, for 
example, can be undertaken, this author (DB) believes that the abla-
tion zone matures and becomes much better defined 1–2 weeks 
after treatment. If a contrast-enhanced technique is employed, it is 
important to be aware that degraded blood products within the 
treated zone may cause spurious central high attenuation on CT 
and that, in the acute phase (up to 3 months), there is considerable 
relative arterialisation in the penumbra of the ablation zone. These 
features should not be misinterpreted as residual enhancing disease 
(Fig. 43.21).

While no consensus exists regarding the follow-up scheduling for 
various malignancies this should be guided by the natural history 
of the treated tumour. Most protocols advocate early imaging at 3 
months and then every 6 months. Clearly, however, an under-
treated colorectal metastasis can be expected to develop local recur-
rence earlier than a subtotally treated indolent carcinoid deposit. 
Solbiati et al. reported the follow-up of 117 patients with 179 color-
ectal metastases and noted that 54 of 70 (70%) local recurrences 
were apparent within 6 months of the initial treatment.39

replaced by techniques such as radio-frequency ablation in many 
centres. On occasion it can be useful for small focal ablations along-
side critical structures as an adjunct to radio-frequency ablation.

Brachytherapy
This essentially ablative technique permits the long-term delivery 
of low-dose and optimally conformed radiotherapy.36 It is used in 
the treatment of localised, intraglandular prostatic carcinoma. 
Loose or stranded iodine-125 or rarely palladium-103 seeds are 
implanted through needles which are placed using a transperineal 
template under transrectal ultrasound guidance (Fig. 43.17).

Image guidance

Interestingly this remains one of the most significant limiting factors 
in the delivery of adequate and accurate image-guided ablation. 
Image guidance can be subdivided into procedural targeting, peri-
procedural monitoring and post-procedural imaging follow-up.

Procedural targeting
With current ablative technologies, most appropriate tumour 
targets are in the 10–40 mm diameter size range. It is essential that 
they are readily visualised in all three dimensions. This author (DB) 
almost always sees patients 1 week before an ablation procedure 
for the purposes of radiology review, ultrasound assessment and 
consent. This outpatient assessment allows the operator to confirm 
adequate visualisation of the entire lesion and to notionally plan a 
treatment approach via an intercostal, subcostal or oblique approach 
using single or multiple probe placements, patient positioning, 
together with other aspects relating to the procedure. Such pre-
planning is essential to the success of the procedure. The imaging 
technique must be able to assess the deep aspect of the tumour mass 
so that the posterior interface between tumour and parenchyma can 
be addressed at the initial probe placement. Similarly, when multi-
ple tumours are to be treated, it is often advisable to target the 
smaller, less visible lesions at the outset of the procedure.

It should be self-evident to most practising radiologists that small 
lesions easily appreciated on a portal venous phase CT study may 

Figure 43.17 Prostate brachytherapy. Under transrectal 
ultrasound guidance the needle sources are placed according to 
the perineal guidance template for optimal conformal dosing. (Image 
courtesy of Dr Catherine Heath and Dr James Smart, Southampton 
University Hospitals.)
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Tumour pathophysiology and  
its modification

As noted previously, this chapter aims to discuss principles of 
tumour ablation and as such will not go into the specifics of tumour 
ablation in each organ system. Those undertaking ablation of any 
individual tumour do, however, need to be aware of how the paren-
chyma adjacent to a tumour, or the organ environment in which 
the tumour resides, will modify the ablation achieved. For example, 
it is evident that an exophytic renal tumour largely surrounded by 
perirenal fat is far more amenable to complete ablation than a 
central and often perivascular renal tumour of the same size.40,41 The 
improved current flux density within the tumour and relative insu-
lating effect of the perirenal fat, together with the absence of adja-
cent vessels and well-perfused parenchyma, all compound to 
enhance the ablation of the pedunculated lesion.

Tumoral perfusion itself and perfusion-mediated cooling by the 
adjacent parenchyma can also limit the efficacy of radio-frequency 
ablation.42 As a result, temporary inflow occlusion of both the liver 
and kidney has been advocated as a method to improve treatment 
volumes during radio-frequency ablation and to reduce the risk of 
perivascular tumour sparing and thereby subsequent recurrence. 
Use of this approach has declined in recent years as more adequate 
ablation zones have been achieved through device improvements.

There is, however, a very real and evolving place for combined 
approaches to tumour ablation. Tumour ablation is most commonly 
combined with particulate embolisation, thereby diminishing 
tumour perfusion and enhancing treatment volumes. More recently, 
ablation has been combined with chemoembolisation with a view 
to enhancing the efficacy of both techniques. In particular, it has 
recently been advocated that drug-eluting beads should be used for 

Figure 43.18 Simultaneous combined or fusion CT-US imaging (‘Real time virtual sonography’, Hitachi Medical Systems Ltd). A: The 
RF frame around the patient’s abdomen permits the ‘toggling’ of the volumetric CT dataset and US images in 3D space. B: The ‘cold’ CT 
dataset is then displayed simultaneously alongside the live US image. This helps to overcome some of the weaknesses of either imaging 
modality alone.

A B

Figure 43.19 A small liver metastasis undergoing ultrasound-
monitored RFA. The considerable ‘outgassing’ of the lesion under 
treatment obscures the target and provides little useful intra-
procedural information.
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fied in a number of organ settings to permit an adequate and com-
plete procedure.

Tumour ablation technique

Careful and effective image-guided tumour ablation is a major 
intervention, which is considerably easier in concept than in prac-
tice. Case selection is critical and with regard to individual organ 
systems the reader should consult the relevant chapters. Broadly, 
and given current ablative device capabilities, ablation can be 
offered to treat renal carcinomas of less than 4 cm. Hepatocellular 
carcinomas, if discrete and preferably encapsulated, can be treated 
up to 5 cm in diameter but at the upper end of this range treatment 
is usually in conjunction with chemoembolisation. Outcome data 
for colorectal39 and to a lesser extent neuroendocrine metastases 
suggest that current ablative techniques should be restricted to 

chemoembolisation of moderate volume hepatocellular carcinomas 
within 24 hours of ablation, with the aim of delivering a maximal 
dose of chemoembolic agent to the penumbra of the treatment 
zone.43 Similarly, it would appear that tumours may be treated by 
systemic chemotherapeutic agents for the purposes of enhanced 
focal ablation. One study44 showed that pre-treatment of a mouse 
renal tumour model with the anti-angiogenic drug sorafenib 
reduced microvascular density and significantly increased ablation 
volumes.

The tumour setting can also be manipulated so that an aggressive 
and thereby adequate ablation procedure can be undertaken. Renal 
tumour ablation, for example, may be compromised by the close 
approach of adjacent bowel, risking thermal injury to the gut, or 
other viscera. In practice these structures can be displaced from the 
renal area using 5% dextrose instilled retroperitoneally in typical 
volumes of 100–500 mL – ‘hydrodissection’ (Fig. 43.22) or by using 
air, or balloons, to separate organs. These techniques can be modi-

Figure 43.20 CT-monitored cryoablation of left renal tumour in prone-oblique position. A: Contrast-enhanced CT of renal tumour. 
B: The iceball must clearly subsume the tumour by 5 or more millimetres.

A B

Figure 43.21 Post-procedural imaging. A: A cholangio-hepatocellular carcinoma in a remnant left hemi-liver following previous right 
lobar resection. B: A late arterial venous phase CT image of ablated tumour 10 days after RFA treatment. Note the adjacent relative 
arterialisation of the liver parenchyma and patchy central higher attenuation material, probably reflecting degraded blood products. If the 
lesion declares a crisp margin and slowly involutes over the next 6 months this will confirm a complete treatment.

A B
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tumour, straightforward longitudinal devices should be placed 
across the lesion but the deployment pattern of expandable devices 
needs to be taken into account if the subsequent ablation zone is to 
encompass satisfactorily the target tumour. As a rule, where mul-
tiple tumours are being targeted at a single session, it is often better 
to target and treat the smaller more obscure lesions at the outset.

Most modern radio-frequency devices have a ‘track ablation’ 
mode and it is common practice to thoroughly ablate the track 
during device withdrawal, thereby reducing the risk of track 
seeding. All patients undergoing abdominal ablation procedures 
require careful post-procedural observation for potential haemor-
rhage, or peritonism, given the small risk of occult gut perforation 
(<1%). Most visceral ablations are well tolerated with limited post-
procedural discomfort that can be treated with simple oral analge-
sia. On occasion adjacent injury of the diaphragm and abdominal 
wall may require opiate analgesia.

Safety/Complications

Adequate and complete visceral tumour ablations are major inter-
ventions with a risk of significant injury. These procedures must be 
carefully planned and executed with a view to complete tumour 
ablation. However, all the published data indicate a low complica-
tion rate for image-guided ablation.

In the liver the largest reported experience to date remains that 
of the Italian Collaborative Group:45 2320 patients (3554 tumours, 
size: 3.1 cm ± 1.1 cm (SD)) were treated between 1995 and 2001 in 
41 centres using similar radio-frequency ablation protocols. Of 
these, 1620 were cases of hepatocellular carcinoma in the setting of 
chronic liver disease and 683 patients had metastatic disease, mostly 
colorectal carcinoma. When considering these results the currently 
quoted 0.5–4% mortality and 16–35% major complication rate of 
surgical liver resection needs to be taken into account. Mortality in 
the early image-guided ablation experience of the Italian Collabora-
tive Group Study was 0.25% (6 patients). Two of the deaths were 
attributed to faecal peritonitis as a result of thermal colonic injury. 
Thermal injury with central biliary stricturing was implicated in 
another death. A superficial hepatoma ruptured following treat-
ment, causing massive intraperitoneal haemorrhage and subse-
quent hepatic coma. Two further deaths were reported, although 
the exact cause of these remains unclear.

In consenting for abdominal visceral ablation the author (DB) 
usually quotes a 1% risk of haemorrhage requiring embolisation, a 
0.5% risk of full thickness thermal gut injury and a risk of pain, 
abscess formation or subtotal treatment at around 5–10%. Obvi-
ously the latter is amenable to further ablation for treatment com-
pletion. Careful case selection and meticulous image-guided 
technique will reduce the risk of all of the above.

lesions of less than 25 and 30 mm respectively. Microwave ablation 
may be set to overcome some of the treatment limitations of radio-
frequency ablation of metastases within the liver but substantive 
outcome data are awaited.

Following appropriate case selection in the multidisciplinary 
team setting, it is essential that these patients are reviewed as out-
patients. This permits the interventionist to review the up-to-date 
radiology and assess the target lesion(s) at outpatient ultrasound 
for the purposes of treatment planning. The small chemo- 
modulated colorectal metastasis that was easily identified at portal 
venous phase CT may be considerably more difficult to resolve with 
ultrasound or unenhanced CT fluoroscopy. Contrast-enhanced 
ultrasound (CEUS) undoubtedly has a role to play in confirming 
the site and position of a lesion but the operator needs to consider 
the limited temporal window that CEUS allows for careful probe 
placement. This outpatient visit allows the operator to plan an 
approach and thereby appropriately position the patient at the time 
of the procedure. At the same visit the drug history should be 
reviewed to take into account any anticoagulant or antiplatelet 
therapy.

This author (DB) most commonly utilises a combination of real-
time ultrasound guidance and CT to check probe positioning rela-
tive to bowel etc. Most of these procedures need to be carried out 
under general anaesthesia or intravenous sedation/anaesthesia 
administered by an anaesthetist. Effective, complete procedures, 
which often require adjunctive manoeuvres such as hydrodissection, 
can take up to 2 hours. It is advisable that all practitioners wishing 
to undertake ablations routinely and aiming to treat anything but 
the smallest lesions seek out formal anaesthetic assistance for these 
procedures.

All but the smallest lesions require a number of overlapping abla-
tions and in this respect if a tumour is asymmetric or ovoid it is 
often best to pass the ablation device along the long axis of the 
tumour, permitting overlapping treatment ‘stations’ as the device 
is pulled back. With regard to device placement relative to the 

Figure 43.22 A renal tumour undergoing ultrasound and 
CT-guided ablation. The close proximity of adjacent pancreatic 
tail necessitated its displacement by injection of 5% dextrose and 
contrast. This is seen as a high-attenuation fluid crescent within the 
anterior pararenal space.

Case selection for image-guided ablation (IGA)

• Understand the natural history of the disease and relative merits 
of alternative treatments.

• If multidisciplinary discussion refers for IGA, confirm up-to-date 
imaging and amenability for ablation.

• See the patient in an outpatient setting, assess the target tumour 
by ultrasound and consent appropriately.

• Careful case selection is critical to procedural outcomes.

Image-guided ablation: procedural considerations

• Seek formal anaesthetic assistance.
• Pre-plan treatment approach.
• Plan to treat thoroughly so as to achieve complete ablation.
• Careful, critical follow-up imaging is essential.
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THYROID

Introduction

High-resolution ultrasound is the ideal imaging modality for evalu-
ation of the thyroid gland due to its superficial location, homogene-
ous texture, clearly defined surrounding structures and anatomical 
landmarks. Colour and power Doppler examination are also facili-
tated by the combination of superficial location and relatively 
profuse normal vascularity.

Neil Cozens

The importance of nuclear medicine imaging of the thyroid in  
the initial evaluation of nodules and differentiation of benign  
from malignant disease has diminished in direct proportion to the 
increasing role of ultrasound over recent years. Given the current 
importance of ultrasound for evaluation of thyroid abnormalities, 
it is easy to forget that just over two decades have elapsed since 
original papers correlated gross pathology with corresponding 
ultrasound findings in cadaveric specimens.1 Computed tomogra-
phy (CT), magnetic resonance imaging (MRI) and more recently 
positron emission tomography (PET/CT) each have relatively small 
but invaluable roles to play in thyroid imaging. It seems likely that 
the utility and application of PET/CT in particular may increase in 
future, particularly in the management of patients with proven 
thyroid malignancy. However, due to the combination of anatomi-
cal factors, relative availability, cost and lack of ionising radiation 
exposure, ultrasound is likely to remain the imaging modality of 
choice for the primary evaluation of thyroid nodules for the foresee-
able future, particularly as it also facilitates swift and accurate 
needle localisation for fine-needle aspiration (FNA) cytology.

Anatomy and scanning techniques

Scanning technique
High-frequency linear transducers demonstrate the thyroid in high 
resolution, but lower-frequency (e.g. 5 MHz) linear transducers 
may be needed for obese patients or those with limited neck exten-
sion. The thyroid and adjacent structures, including all nodal 
regions, carotid artery and jugular vein, strap muscles, trachea  
and oesophagus, are scanned initially in the transverse, then in 
longitudinal planes. Hyperextension of the neck facilitates optimal 
visualisation; swallowing may also improve visualisation of the 
lower poles.

Anatomy
The thyroid lies in the anterior neck between the level of the fifth 
cervical and the first thoracic vertebrae, with two lateral lobes, 
joined by the isthmus, bridging the underlying trachea. The essen-
tial ultrasound anatomy is best appreciated in the axial anatomical 
figure and ultrasound images (Figs 44.1–44.3). Further detailed ana-
tomical delineation is superbly covered in the recent ultrasound 
anatomy text by Ahuja and Antonio.2 The oesophagus and recur-
rent laryngeal nerve can often be appreciated lying deep to the 
thyroid; the former more often on the left side, the latter in the 
trachea-oesophageal groove. The internal jugular veins show sig-
nificant asymmetry in approximately two-thirds of people, with the 
right jugular vein larger in two-thirds of these.

The size and shape of the thyroid varies, often being thinner and 
more elongated in slim subjects. The normal, healthy, euthyroid 
adult gland volume is approximately 10–12 mL. It is uniformly 
more echogenic than the sternomastoid muscle, and similar in 
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echogenicity to the adult submandibular salivary gland (but more 
echogenic than the paediatric submandibular gland). The maximal 
anteroposterior diameter of the normal thyroid is approximately 
2 cm.

Although relatively infrequently appreciated during ultrasound 
examinations (10–40%), due to its small anteroposterior thickness, 
the pyramidal lobe is best considered as a normal component of the 
thyroid rather than a ‘congenital abnormality’. It is most frequently 
appreciated on ultrasound in children, becoming less readily visu-
alised with increasing age. It is demonstrable in 55–65% of cadav-
eric3 and surgical thyroidectomy4 dissection specimens, more 
commonly left-sided than central or right-sided.

Embryology

An appreciation of the embryological development of the thyroid 
and parathyroid glands facilitates comprehension of some of the 
various anatomical and pathological processes affecting these 
glands.

The thyroid gland is the first endocrine organ to develop in the 
embryo (starting day 24); it develops from an outgrowth of the 
pharyngeal endoderm in the midline between the first and second 
branchial arches (i.e. from the first pharyngeal pouch). By 7 weeks 
gestation, the thyroid has migrated from its initial location in the 

Figure 44.1 Axial panoramic ultrasound of 
the thyroid and adjacent anatomy. SC, 
subcutaneous tissue; Sterno, sternomastoid 
muscle; OH, omohyoid muscle; IJV, internal jugular 
vein; T. thyroid; CCA, common carotid artery.
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Figure 44.2 Axial diagrammatic section of thyroid and anterior neck at the level of C6. Fat predominantly fills in the ‘gaps’ between 
labelled structures; it is variable in echogenicity and semi-fluid at body temperature.
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Figure 44.3 Axial ultrasound of the left lobe of thyroid and 
relevant anatomy. Shy, sternohyoid muscle; Sthy, sternothyroid 
muscle; Pl, platysma muscle; SCM, sternocleidomastoid muscle; 
OH, omohyoid muscle; CCA, common carotid artery; IJV, internal 
jugular vein; ITA, inferior thyroid artesy; TrC6 transverse process of 
C6 vertebra; Oe, oesophagus; Tr, trachea.
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FNA should be based upon the ultrasound characteristics rather 
than nodule size.10,11 Smaller malignant thyroid nodules do, 
however, generally exhibit a better prognosis than larger primary 
lesions.12

Solitary versus multiple nodules (Fig. 44.4)
Multiplicity of nodules has been reported to predict benign disease 
in contrast to a much higher likelihood of malignancy in solitary 
nodules. This is perhaps historical and originated in relation to 
clinical palpability of nodules, which is a much less sensitive means 
of detecting multinodularity.

The ‘solitary thyroid nodule’ is often cited, particularly in endo-
crinological or surgical papers; it is usually a misnomer as it is used 
to denote a patient in whom clinical examination (by palpation 
alone) reveals a solitary thyroid mass. The majority of these patients 
actually have multiple thyroid nodules on high-resolution ultra-
sound examination, the largest, most superficial or prominent  
of which has been palpated clinically. The concept of a ‘solitary 
thyroid nodule’ is therefore relatively unhelpful and inaccurate 
from an ultrasound and patient management perspective. Careful 
differentiation between the clinically suspected solitary nodule and 
the more accurate solitary nodule on ultrasound examination must 
be made when evaluating both patients and the literature.

Whether retrospectively reviewing the presence of multinodular-
ity in a series of proven thyroid cancers13 or the incidence of malig-
nant nodules in thyroid glands containing solitary or multiple 
nodules;11 the risk of malignancy in a thyroid gland with multiple 
nodules is comparable to that in a gland with a solitary nodule.

developing tongue base, to lie in its final anatomical site and has 
also developed both lobes and isthmus. It remains connected to the 
tongue base by a narrow tube, the thyroglossal duct, which usually 
closes completely by week 10. The foramen caecum in the tongue 
base is the residue of the opening of the upper thyroglossal duct. 
The pyramidal lobe of thyroid represents the persistence of the 
inferior end of the thyroglossal duct; it may be attached to the hyoid 
bone or may be incorporated into a thyroglossal duct cyst. Parafol-
licular thyroid (‘C’) cells are derived from a combination of cells 
migrating from the neural crest and a fifth pharyngeal pouch struc-
ture, the ultimobranchial body. These fuse with the embryonic 
thyroid gland, disseminating cells within it which will later secrete 
calcitonin.

Clinically relevant consequences of this embryology include:
n Ectopic or aberrant position of thyroid tissue can occur 

anywhere along the track of descent of the thyroid (most 
commonly in the tongue base), often associated with 
hypothyroidism functionally.

n Accessory thyroid tissue can also occur, arising from 
remnants of the thyroglossal duct. Whilst this tissue may be 
physiologically active, it would rarely maintain euthyroid 
status if the thyroid is excised totally.

n Incomplete involution of the thyroglossal duct can lead to a 
thyroglossal duct cyst, most commonly at or around the level 
of the hyoid bone. Extending the ultrasound examination 
towards the tongue base can alert the surgeon to the extent of 
surgery required, reducing the likelihood of incomplete 
excision and postoperative fistula or cyst recurrence.

n Residual thyroid tissue in the inferior thyroglossal duct 
produces the pyramidal lobe.

n Parafollicular cells: the precursors of medullary carcinoma.
n Congenital pyriform sinus fistula: recurrent neck ‘abscesses’ 

usually left-sided, from the third or fourth branchial pouch 
fistula.

Nodular disease and tumours

Generic ultrasound features of thyroid nodules
Thyroid nodules are very common. Their prevalence varies between 
series, but approximately 4–8% of adults have a clinically palpable 
nodule, and prevalence rates of 10–41% at ultrasound examination 
and at least 50% by pathological examination at autopsy have been 
cited.5–7 Their apparent prevalence has increased as the sensitivity 
and resolution of ultrasound technology increased. Thyroid nodules 
are more common in women and also increase in frequency with 
advancing age.8

Unfortunately, one of the major challenges of thyroid ultrasound 
is the overlap in appearances between benign and malignant 
nodules;9 varying combinations of these features can strongly influ-
ence the likelihood of benignity or malignancy within individual 
nodules and help to guide further management. These features help 
to select the choice of nodules to undergo ultrasound-guided fine-
needle aspiration (FNA) for cytological evaluation.

General features more commonly associated with malignant 
nodules are: marked hypoechogenicity, calcification (particularly 
microcalcification), spiculated margins and a taller-than-wide 
shape. Conversely, relatively benign features are isoechogenicity, 
predominantly cystic appearance (particularly spongiform) and 
comet tail signs.

Nodule size
As an independent factor, nodule size is not helpful for predicting 
or excluding malignancy. The practice of selecting the largest 
nodule in a multinodular goitre probably arose from the clinicians 
or pathologists performing unguided FNA from the most readily 
palpable (and therefore easiest) nodule. The choice of nodule for 

Figure 44.4 Longitudinal ultrasound of right thyroid lobe: 
benign colloid nodules. Multiple small predominantly cystic colloid 
nodules, some exhibiting comet tail signs, are typically located in 
the deep and inferior thyroid in early multinodular colloid change.
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positive predictive value10 as this appearance is also present in the 
majority of benign nodules.19

If a thyroid nodule is markedly hypoechoic (defined as a being 
much less echogenic than the medium-level echogenicity of the 
strap muscles), the specificity for detection of malignancy is 
increased to 94%, but the sensitivity is reduced to 12%.20 Marked 
hypoechogenicity is thus very suggestive of malignancy.

In contrast, isoechogenicity is a finding much more commonly 
associated with benign than malignant nodules.

Patterns of calcification
If any calcification is present in a thyroid nodule, the likelihood of 
malignancy is increased. Microcalcification (fine punctate calcifica-
tions, 1 mm or less in diameter, which are individually too small to 
induce posterior acoustic shadowing) within a predominantly solid 
nodule is associated with an approximately threefold increase in 
cancer risk and coarse calcifications are associated with a twofold 
increase, in comparison with predominantly solid nodules lacking 
any calcifications.10 Careful subdivision of different patterns of 
coarse/macrocalcification demonstrates that solitary calcifications 
are more common in benign thyroid lesions, but no other significant 
differentiating features are evident.21

The presence of microcalcification is the most specific single sign 
of malignancy within a thyroid nodule, though it lacks sensitivity. 
However, ‘microcarcinomas’ (10 mm or smaller) contain microcal-
cification less commonly than larger carcinomas. Microcalcification 
is most commonly demonstrated in papillary carcinoma (25–40% of 
cases) and is thought to represent aggregates of psammoma bodies 
(Fig. 44.7).22 As psammoma bodies measure 50–70 µm in diameter, 
clusters seen pathologically correlate with the 0.5–1 mm foci of 
microcalcification apparent at ultrasound (Fig. 44.8).

Even nodules with peripheral calcification, independent of other 
patient and nodule characteristics, have a significant incidence  
of malignancy, recently observed in 18.5% of a series of thyroid 
nodules with peripheral calcification.23

Margins
The presence of a peripheral halo of reduced echogenicity around 
iso- or hyperechoic nodules has been reported to be much more 
common in benign than malignant thyroid lesions. It was suggested 
that it represents either the capsule of the nodule or a combination 

The possibility of multifocal tumours, particularly papillary (10–
20% of which are multifocal), should also be considered with mul-
tiple nodules. In patients with one or more thyroid nodules larger 
than 10 mm in diameter, the likelihood of thyroid cancer in each 
patient is independent of the number of nodules, whereas the likeli-
hood per nodule decreases as the number of nodules increases.14 
The indications for FNA are therefore determined by the ultrasound 
features, not the number of nodules. When present in a multinodu-
lar gland a cancer is not always within the largest nodule. FNA of 
more than one nodule may be indicated in some patients.

Solid/cystic nodules
Cystic nodules are often assumed to be benign. Whilst the vast 
majority of cystic thyroid lesions are indeed benign colloid nodules 
that have undergone cystic degeneration or haemorrhage, the pos-
sibility of cystic components within tumours should also be consid-
ered. Papillary carcinomas relatively frequently (10–30%) have a 
small cystic component (Fig. 44.5). Rarely, they can be almost 
entirely cystic.15

True epithelial thyroid cysts are rare; intrathyroidal parathyroid 
cysts and intrathyroidal lymphoepithelial cysts are extremely 
rare.16,17 All of these entities are benign and typically manifest as an 
anechoic cyst, most frequently unilocular, except the lymphoepithe-
lial cysts. Lymphoepithelial cysts appear similar to other congenital 
cystic lesions within the neck, such as thyroglossal duct cysts and 
second branchial cleft cysts, their appearance varies from typically 
cystic to ‘pseudo-solid’. Their diagnosis is usually only made 
postoperatively.

Retrospective multicentre analysis has defined a ‘spongiform 
appearance’ (the aggregation of multiple microcystic components 
in more than 50% of the volume of the nodule) as a highly specific 
(99.7%) but relatively insensitive sign of benignity.18 It is therefore 
an extremely helpful ultrasound feature, if present (Fig. 44.6).

Echogenicity
Malignant thyroid nodules typically appear solid and hypoechoic 
compared with normal thyroid parenchyma. In combination, these 
two US features have a sensitivity of 87% for the detection of 
thyroid malignancy but a low specificity (15–27%) and a low 

Figure 44.5 Papillary thyroid carcinoma with a cystic 
component. A significant cystic component at the superficial 
aspect of a papillary carcinoma; which also shows multifocal 
microcalcification.

Figure 44.6 Longitudinal ultrasound showing a spongiform 
benign nodule.

Spongiform nodule
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its specificity in a contemporaneous review,24 which suggested non-
specific pericapsular inflammatory infiltrate as the underlying 
cause of the halo.

The evaluation of nodule margins for irregularity or ‘microlobu-
lation’ (the presence of many small lobules on the surface of a 
nodule) is potentially a more useful predictor of malignant nodules. 
Microlobulation is more common than an ill-defined margin in 
impalpable thyroid malignancy; often associated with a smaller 
mass and less invasive pathology.20

A recent review confirms that the previously cited emphasis on 
evaluation of the peripheral halo (and even the definition of the 
margins of nodules) is overstated as it is relatively unhelpful for 
differentiation of benign from malignant nodules.14

The only exception is where a hypoechoic halo coexists in thyroid 
nodules with peripheral ‘eggshell’ calcification, but no other calci-
fications. Disruption of this eggshell calcification may be a more 
sensitive predictor of malignancy than other known suspicious 
sonographic criteria, with similar specificity.25

In summary, the observation of well-defined margins, as with 
lesions observed in most organs, may confer an increased likelihood 
of benignity. In clinical practice, the detailed evaluation of the 
peripheral ‘halo’ is a relatively non-discriminatory ultrasound sign 
and could be omitted, unless associated with peripheral ‘eggshell’ 
type calcification.

Shape: tall versus wide
The observation that nodules in the breast that are taller than they 
are wide are more likely to be malignant26 has recently been extrap-
olated to the thyroid. It is postulated that this phenomenon is due 
to the propensity for malignant nodules to grow across tissue 
planes, whereas benign nodules remain within normal tissue 
planes. Whilst this observation requires further validation, there is 
early evidence that if any part of a nodule is more tall than wide 
(defined as being greater in its anteroposterior dimension than its 

of compressed thyroid tissue and vessels. If the perinodular halo 
was complete it predicted a higher likelihood of a benign lesion 
than an incomplete halo. The majority of literature evaluating this 
as a useful differentiating feature predates improvements in the 
resolution of high-frequency ultrasound; some doubt was cast on 

Figure 44.7 Axial panoramic ultrasound 
showing a multinodular thyroid with a coexistent 
papillary carcinoma and various patterns of 
calcification.

Microcalcification in a coexistent papillary carcinoma

Right common
carotid artery

Peripheral “eggshell” calcification
in a benign colloid nodule

Multiple benign
colloid nodules

Figure 44.8 Longitudinal surgical thyroid lobe specimen with 
a 13 mm upper pole papillary carcinoma and benign lower pole 
cyst. The histological inset shows clustered psammoma bodies, 
correlating to the microcalcification seen at ultrasound.

13 mm Papillary carcinoma

Benign cyst Clustered psammoma bodies
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Elastography
Elastography is a new dynamic technique that combines manual 
transducer compression, or the electronic equivalent, with ultra-
sound to provide an estimation of tissue stiffness by measuring the 
degree of distortion of the thyroid nodule. Early reports suggest 
that elastography may help to differentiate malignant from benign 
lesions, as malignant lesions are frequently relatively harder (stiffer 
or less compliant) than benign nodules.30,31 Further evaluation will 
assess its real efficacy and potential role as an adjunct in the man-
agement of thyroid nodules; whilst initial reports are promising, 
the true role and value of this technique will evolve and become 
evident with further research and clinical application.

Further potential variations may arise from the diversity of differ-
ent interpretations of the transformation of theoretical tissue elastic-
ity to its practical use. This may make the utility of elastography 
machine or manufacturer specific, at least in its early evolution.

Physical limitations to elastography include a significant fluid 
component or peripheral calcification within a nodule. The nodule 
also needs to be clearly separate from other adjacent nodules, limit-
ing its application in multinodular goitres.

Interval growth of a nodule
Most benign thyroid nodules grow slowly over time. Therefore, 
slow growth of a thyroid nodule, particularly if proven benign by 
ultrasound-guided FNA, does not necessarily indicate a false nega-
tive initial result, or subsequent malignant transformation; it is 
much more likely to represent the natural history of such nodules. 
Approximately 90% of nodules undergo a 15% or greater increase 
in volume over 5 years; nodules that are predominantly cystic are 
less likely to enlarge than solid nodules.32

The exception is clinically detectable rapid growth, which most 
commonly occurs in anaplastic thyroid carcinoma but also may 
occur in lymphoma, sarcoma and occasionally, high-grade carci-
noma. Anaplastic thyroid carcinoma quite commonly presents as a 
painful, enlarging neck mass with features of local invasion.

The dilemma of defining how much growth over what period 
constitutes suspicious growth has not yet been answered by 
research.

Ultrasound features of adjacent structures 
suggestive of thyroid carcinoma

Cervical lymphadenopathy
A significant minority (10–30%) of thyroid carcinomas present with 
an enlarged palpable lymph node rather than the primary tumour. 
Some primary tumours may remain occult at ultrasound examina-
tion even in the presence of local nodal metastases. These are most 
commonly metastases from papillary carcinomas, where nodal 
metastases are seen at presentation in approximately a third of 
cases. The distribution of the nodal metastases is most commonly 
pre- and paratracheal, with anterior cervical nodes along the inter-
nal jugular chain also relatively frequently involved.33,34

A far higher proportion of childhood papillary thyroid cancers 
present with nodal metastases, with 60% palpable and more proven 
histologically at resection in the largest series of patients under 20 
years old.35 The proportion diminishes with increasing age, but 
higher proportions of patients with involved nodes have been  
demonstrated in patients up to 40 years of age.

The characteristic ultrasound appearances of nodal metastases 
from thyroid tumours often resemble those of the primary tumour 
and are detailed under the respective features of the tumours them-
selves below. Whilst much less common as thyroid malignancies, 
anaplastic and medullary cancers, as well as thyroid lymphomas, 
also frequently have associated nodal metastases at presentation. 

transverse dimension) this is a very specific (but not sensitive)  
indicator of malignancy.18,20 If present in combination with other 
features suggestive of a malignant nodule it is likely that this sign 
will be found useful to help discriminate the more suspicious 
nodules from the plethora of benign thyroid nodules.27

Comet tail sign
A highly specific sign of benignity of a thyroid nodule is the pre-
sence of one or more ‘comet tail signs’;28 it has been reported that 
this sign (Fig. 44.9) is pathognomonic of a benign colloid nodule, 
particularly within or at the periphery of cystic or partially cystic 
nodules.

It is sometimes difficult in clinical practice to decide definitively 
whether this sign is present or not. If comet tail artefacts cannot 
definitely be seen, tiny echoic foci must be assumed to be calcifica-
tions when considering the risk of cancer. Whilst many may indeed 
be due to colloid nodules it is prudent to be cautious, as comet tail 
signs and microcalcification have diametrically opposing implica-
tions for the likelihood of malignancy.

Colour and power Doppler
Thyroid nodules containing marked internal blood flow have an 
increased likelihood of malignancy compared with nodules with 
less internal flow. Marked internal vascularity is defined as more 
flow in the nodule than in the surrounding thyroid gland and more 
flow in the central part of the nodule than at the periphery. Whilst 
solid hypervascular thyroid nodules have a high likelihood of 
malignancy (>40%), lack of extensive vascularity cannot be used to 
exclude malignancy (14% of solid non-hypervascular nodules were 
malignant).10,29

Whilst the majority of reports in the literature cite the use of 
colour Doppler, with gain settings maximised to demonstrate slow 
flow, power Doppler can be substituted, particularly as quantitative 
indices have not added any useful additional discrimination. 
Colour and power Doppler are potentially useful adjuncts in the 
assessment of thyroid nodules (particularly in nodules smaller than 
15 mm11) but they are not mandatory for selecting nodules to 
undergo FNA.

Figure 44.9 Comet tail signs (open arrows) adjacent to a septum 
(black arrow) within a left lobe thyroid cyst on this transverse image.
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Involvement of the common carotid often defines an inoperable 
tumour (Fig. 44.11).

Dynamic examination with compression or ballottement of adja-
cent tissues is a unique advantage of ultrasound over other imaging 
techniques when assessing the potential spread to adjacent tissues. 
If tissues and tumour can clearly be seen to move relative to  
one another, an operative plane can be confidently confirmed.  
Conversely, if dynamic examination shows definite infiltration and 
lack of separate movement, the affected tissue will usually require 
resection en bloc with the tumour. The high spatial resolution  
of ultrasound, in addition to its dynamic capabilities, can offer  
critical preoperative information that is unavailable from other 
modalities.

Malignant tumours

The incidence of tumours in most organs is well documented in 
various cancer registries. The trends in variation of incidence are 
also often well understood through temporal variation in risk 
factors. The incidence of thyroid carcinoma is an exception for a 
variety of reasons. This significantly influences both the imaging 
and management of thyroid cancer.

The incidence varies widely between geographical locations and 
series but the majority (60–80%) of new thyroid cancers are papil-
lary. Less common histological types include follicular (10–20%), 
medullary (3–5%) and anaplastic (1–10%) cancers. Rarely, metas-
tases, lymphoma or sarcoma present within the thyroid. The pathol-
ogy and ultrasound features are specific to each histological subtype 
of thyroid carcinoma and are considered separately below.

Papillary carcinoma

Pathological factors

Papillary carcinoma is not only the most common thyroid malig-
nancy overall, but it is also more frequent in younger patients and 
generally more common in females. The long-term prognosis is 

The systematic search for nodal metastases is therefore an integral 
and essential part of the neck ultrasound evaluation.

Spread to adjacent structures
Spread of tumour to extrathyroid tissues is a relatively uncommon 
manifestation of malignant thyroid nodules but prognostically very 
significant for the patient and critical for potential surgical plan-
ning. It most frequently occurs in anaplastic, medullary, follicular 
carcinomas or thyroid lymphoma.

If the normal fascial planes between the thyroid and strap muscles 
are lost, or the muscles have ill-defined margins, are expanded or 
have additional tissue within them, then this is often indicative of 
extracapsular spread of tumour at its superficial surface (Fig. 44.10). 
Neovascularity crossing the boundary between tumour and adja-
cent tissue on power Doppler assessment confirms invasion rather 
than adherence or abutting tissues.

Extension into the deep tissues can be more difficult to assess 
accurately, but thyroid capsular breach and invasion of the oesopha-
gus or lateral tracheal wall can be defined on ultrasound. The  
combination of voice hoarseness, vocal cord palsy and deep  
tumour extension denotes invasion or involvement of the  
recurrent laryngeal nerve or, less commonly, the vagus nerve with  
lateral invasion.

Lateral extension can also be seen within the soft tissue planes. 
The common carotid artery and internal jugular vein can also be 
sites of potential direct invasion. Tumour thrombus can be visual-
ised within the jugular vein; differentiation of venous thrombosis 
from tumour thrombus can be achieved by the demonstration  
of vascularity within the tumour tissue on power Doppler. 

Figure 44.10 Longitudinal ultrasound showing intranodular 
vascularity on power Doppler examination of a papillary 
carcinoma. Contiguous extension of the nodule, vessels and 
fixation on dynamic examination (during swallowing) represents 
direct extracapsular tumour extension into the sternothyroid muscle. 
This was confirmed during surgical resection and pathological 
specimen examination. The preoperative recognition of 
extracapsular spread facilitated optimal surgical planning and 
management. St thy, sternothyroid muscle.

Malignant vascularity within
the papillary carcinoma

St thy
Extracapsular extension of

malignant vessels into
the sternothyroid

Figure 44.11 Transverse ultrasound of the distal common 
carotid showing involvement of the CCA medial wall (arrowheads) 
by an ill-defined superior extension of left lobe anaplastic thyroid 
carcinoma (arrows). CCA, common carotid artery.

Sternomastoid muscle

CCA
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n Predominantly solid composition: however 20–30% have a 
variable cystic component, with almost totally cystic papillary 
carcinoma comprising a rare but recognised variant.15

n Microcalcification (25–45%): whilst highly specific for 
papillary tumours, it is occasionally seen (approximately 5%) 
in benign adenomatous nodules. Absence of visible 
calcification is, however, more common than 
microcalcification within papillary tumours but, overall, lack 
of calcification is much more frequently a feature of benign 
lesions. Coarse and rim calcification are less common and 
unusual in comparison to microcalcification within papillary 
tumours.

n Multifocal tumours: these are recognised in 10–20% of 
patients at ultrasound, but are even more common 
histologically, particularly as tiny microcarcinomas.38

n Hypervascular solid components: almost universal but 
non-specific. However, complete avascularity on appropriate 

extremely good, with most series reporting 10- and even 30-year 
survival rates exceeding 90%. Unusually, there is no benign coun-
terpart of papillary cancer recognised histologically, which perhaps 
contributes to the generally excellent prognosis, but also contributes 
to some of the management dilemmas in relation to this tumour.

Surprisingly, prognosis is not adversely affected by the presence 
of local nodal metastases, unlike almost all other tumours. Whilst 
distant metastases to bone and lungs do worsen prognosis, the 
chance of long-term survival remains high following resection of 
the primary tumour, local nodal clearance and radio-iodine therapy.

Relative adverse prognostic factors include:36

n more advanced stage at diagnosis – particularly T3 and T4 
tumours and the presence of distant metastases

n local vascular or extracapsular invasion
n poorly differentiated or diffuse sclerosing variants at histology
n elevated postoperative thyroglobulin levels (postulated to be 

due to otherwise occult distant metastatic disease or bulkier 
residual thyroid tissue, potentially impairing efficacy of 
radio-iodine therapy)

n male sex
n older patients.

The occurrence of incidental thyroid cancer at autopsy has been 
recognised for over 60 years.37 Several autopsy studies have repli-
cated incidences of occult thyroid cancer varying between 5% and 
35.6% irrespective of geographical location. The most methodical 
study demonstrated the highest incidence.38 Indeed, these authors 
postulated that because many of the cancers they found were both 
multifocal and smaller than their meticulous 2–3 mm section 
sample interval (67% were less than 1.0 mm), then if the glands 
were to be sectioned finely enough, almost every person would 
have foci of thyroid cancer demonstrable. Their pragmatic sugges-
tion was that tumours less than 5 mm in size should be called 
‘occult papillary tumour’ instead of carcinoma. The management of 
small papillary ‘cancers’ or ‘micropapillary cancer’ continues to 
provoke considerable debate and disagreement in the literature.39

The observed incidence of thyroid cancer has increased during 
recent years, best demonstrated by a thorough review of a sample 
of the national cancer registries in the United States.40 Over a 
30-year period, this demonstrates a 2.4-fold increase (from 3.6 to 
8.7 per 100 000). Despite this increase, mortality remained stable 
and there was no significant change to the incidence of follicular, 
medullary or anaplastic cancers. Almost all of the increase was due 
to papillary cancer, which underwent a 2.9-fold increase. Forty-
nine per cent of these papillary cancers were 1 cm or smaller and 
87% were 2 cm or smaller. The observed increase in incidence was 
therefore due to increasing detection of ‘subclinical disease’, not an 
increase in the true occurrence of thyroid cancer. The period of  
this review coincided with the increasingly widespread use of 
ultrasound (from 1980’s) and FNA (from 1990’s). Advances in 
diagnostic techniques have increased the numbers of cancers 
detected in the ‘subclinical reservoir’; epidemiologists have 
labelled this phenomenon ‘overdiagnosis’, most familiarly in the 
context of prostatic cancer.41

Papillary cancers are firm tumours occurring anywhere within 
the thyroid gland, histologically characterised by the formation of 
papillae and recognition of typical nuclear features. The majority 
are unencapsulated, though partially and fully encapsulated vari-
ants also exist. Some of these may undergo infarction, with calcifica-
tion within the infarcted papillae forming psammoma bodies,  
the aggregation of which are evident as microcalcification at 
ultrasound.22

Ultrasound features

A spectrum of ultrasound features is possible, but typical appear-
ances of the primary papillary carcinoma include13,42 (Figs 44.12 and 
44.13):
n Hypoechogenicity: a predominantly hypoechoic appearance is 

the most common feature of papillary carcinomas (75–90%).

Figure 44.12 Transverse ultrasound showing a papillary 
carcinoma at the junction of the right lobe and isthmus. Inset 
shows the resected surgical specimen, demonstrating the 
carcinoma.

papillary carcinoma

Figure 44.13 Longitudinal ultrasound showing an incidental 
9 mm micropapillary thyroid carcinoma with multifocal 
microcalcification.
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this group, the possibility of metastatic necrotic squamous 
carcinoma can present in an identical way and site; FNA is 
therefore indicated (Fig. 44.16).

n High thyroglobulin levels in the aspirated nodal cyst fluid 
(relative to the quoted normal laboratory blood range) may 
assist the discrimination of cystic nodal metastases.

Doppler examination effectively excludes the possibility of 
papillary carcinoma.

Metastatic local lymph nodes in papillary carcinoma frequently 
demonstrate typical features to suggest the underlying diagnosis43,44 
(Fig. 44.14):
n Nodal metastases are common at diagnosis (50%).
n The majority are found in the mid and lower jugular chains 

and ipsilateral to the primary tumour (70–85%). Whilst 
pre- and paratracheal nodes are also relatively common, these 
are often less readily visualised at ultrasound.

n Hyperechoic relative to muscle (60–80%).
n Punctate or microcalcification (50%): this tends to be restricted 

to the solid nodal metastases rather than those with a 
significant cystic component.

n Partial cystic degeneration (20–50%): this varies from small 
foci of cystic change to complete cavitation with no 
discernible residual solid component. The majority of 
cavitating nodes still contain internal septations or nodules 
(usually showing vascularity on power Doppler) and less 
frequently a thick outer wall (Fig. 44.15).

n Occasionally a solitary cystic metastatic node can mimic a 
benign cervical cyst, such as a branchial cyst, and this should 
be considered in its differential diagnosis, even if the primary 
papillary thyroid cancer is occult at presentation. These cystic 
nodes occur in young adults and almost all have been 
reported in patients under 35 years. Whilst less common in 

Figure 44.14 Transverse ultrasound at level IV on the left, 
showing a typical small (6 mm) nodal metastasis from a 
papillary carcinoma. It is solid, echogenic and contains foci of 
microcalcification, despite its size. SCA, scalenus anterior; SCM, 
sternocleidomastoid muscle; CCA, common carotid artery; IJV, 
internal jugular vein.
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IJV
CCA Foci of microcalification SCA

6 mm metastatic papillary
carcinoma node

(highlighted within dashed line)

Figure 44.15 Longitudinal ultrasound showing impalpable 
partially cystic metastatic nodes as the only site of disease at 
presentation; the primary papillary carcinoma was occult.

Lower pole
of thyroid Papillary nodal metastases

Sternomastoid
muscle

Longus colli muscleMicrocalcificationIntranodal cystic
areas

Figure 44.16 Transverse ultrasound at level III on the left, 
showing a solitary cystic nodal metastasis, which could be 
mistaken for a branchial cleft cyst. The tiny 5 mm ipsilateral upper 
pole primary papillary carcinoma is shown on the resected surgical 
specimen (inset). The diagnosis was confirmed preoperatively by 
thyroglobulin assay of intranodal cystic fluid obtained by fine-needle 
aspiration.

Thyroid

Common carotid artery Internal jugular vein 5 mm primary sclerosing
papillary carcinoma

Cystic node Scalenus anterior

Papillary carcinoma

• Predominantly solid composition, ill defined and hypoechoic.
• Minority have variable cystic component.
• Microcalcification; highly specific for papillary tumours.
• Multifocal tumours, particularly as tiny microcarcinomas.
• Hypervascular solid components.
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Cystic variant

Cystic papillary carcinomas (Fig. 44.18) are rare (5% or less) and 
may be difficult to discriminate from the extremely common benign 
haemorrhagic or colloid cysts. The predominantly cystic papillary 
carcinomas reported in the literature all had at least a small periph-
eral mural hypervascular solid component. Some of these mural 
nodules may contain foci of microcalcification. Associated cystic 
nodal metastases are further useful signs of this unusual entity.15,42

Diffuse sclerosing variant

Compared to the more common papillary carcinomas the rare 
variant of diffuse sclerosing papillary carcinoma occurs more  
frequently at a younger age and predominantly affects women. 
Cervical nodal and pulmonary metastases are more common and 
there is a smaller probability of disease-free survival on follow-up.

Histologically, there is diffuse permeative involvement of the 
thyroid, either unilaterally or bilaterally. Numerous psammoma 
bodies, marked lymphocytic infiltration, fibrosis and more frequent 
vascular involvement are recognised.

Ultrasound features reflect the pathological findings in the  
relatively small series reported.47 The tumours are frequently large 
at presentation, with nodal metastases. They are solid with hetero-
geneous echogenicity and ill-defined margins; the most typical 
ultrasound sign to suggest this entity is widespread ‘snowstorm’ 
microcalcification (Fig. 44.19). If diagnosed preoperatively, 
appropriately aggressive surgical treatment may be indicated due 
to its greater malignant potential than most papillary carcinomas 
of the thyroid.

The recognition of diffuse microcalcification within an otherwise 
apparently normal thyroid should prompt FNA from the affected 
area in case it represents an early presentation of this diffuse scle-
rosing variant of papillary cancer.48

Follicular neoplasm

Pathological factors

Follicular neoplasms are one of the most challenging and poten-
tially frustrating lesions to try to recognise and characterise with 

n Ultrasound-guided FNA (from any solid component) of a 
suspicious node will usually be diagnostic, irrespective of 
nodal size (Fig. 44.17).

n Lymph node metastases may even be the sole or initial 
manifestation of disease (up to 20%): occult primary tumour 
on ultrasound.

The possibility of recurrent tumour within the thyroid bed after 
total thyroidectomy for papillary carcinoma, or cervical nodal 
metastases can usually be demonstrated with ultrasound. Recur-
rent papillary carcinoma has similar features to the primary lesions. 
Postoperative fibrotic tissue or stitch granulomas cannot be distin-
guished from recurrent disease by any ultrasound features but can 
be readily differentiated by FNA.45

Follicular variant

The follicular variant of papillary carcinoma histologically shows a 
predominantly follicular pattern but the histological and cytological 
features include psammoma bodies and characteristic nuclear fea-
tures. The follicular variant of papillary thyroid carcinoma can be 
challenging or impossible to discriminate on ultrasound as it is 
more likely to have relatively benign sonographic features than 
classical papillary thyroid carcinoma. Specifically, whilst these 
lesions are solid with well-defined margins, only half are hypoe-
choic. Microcalcification is rare, but if FNA is undertaken, most 
cytology results will demonstrate malignant features.46

Figure 44.17 Nodal metastasis. Transverse ultrasound above the 
level of the thyroid isthmus, showing a solitary tiny (2 × 3 mm) 
pretracheal nodal metastasis from a micropapillary primary thyroid 
carcinoma. A tiny focus of microcalcification is evident.  
SF, subcutaneous fat layer; Str, strap muscles.
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Figure 44.18 A mural nodule of tumour projects into the cystic 
area of a predominantly cystic variant of papillary carcinoma.

Small papillary carcinoma
projects into the cystic area

as a mural nodule

Papillary carcinoma nodal metastases

• Nodal metastases common at diagnosis.
• May be the initial manifestation of disease.
• Hyperechoic relative to muscle.
• Punctate or microcalcification.
• Partial cystic degeneration.
• Occasionally a solitary cystic metastatic node can mimic a benign 

cervical cyst. FNA is indicated.



Thyroid

877

minimally invasive follicular carcinoma can be demonstrated in 
follicular lesions in direct proportion to the thoroughness of the 
histological search for capsular and/or vascular invasion.

Follicular carcinomas are relatively rare thyroid cancers (less than 
5%), but are much more common (20–30%) in geographical areas 
of iodine deficiency or endemic goitre, relative to the respective 
prevalence of papillary carcinoma. If dietary iodine deficiency is 
rectified, the incidence of follicular carcinoma reduces and papillary 
carcinoma increases.49 It has also been postulated that follicular 
carcinoma arises from pre-existent adenomas.

Ultrasound features

The features of follicular neoplasms on ultrasound are relatively 
non-specific. As follicular lesions usually occur in association with 
other benign hyperplastic or adenomatous nodules, identification 
of these lesions within the background multinodular change is even 
more challenging.

Ultrasound features may include:
n Predominantly solid nodule, commonly considerably larger 

than other coexistent nodules at presentation (Figs 44.21 
and 44.22).

n Relatively homogeneous and most frequently hyperechoic or 
isoechoic compared to thyroid parenchyma.

n Cystic change is absent or relatively minimal.

ultrasound, or any other preoperative technique. It is impossible to 
separate malignant from benign follicular neoplasms by ultra-
sound, FNA or core biopsy. If suspected, they usually require surgi-
cal excision as the differentiation between a benign ‘follicular 
adenoma’ and a follicular carcinoma can only be made histologi-
cally. The diagnosis of malignancy depends upon unequivocal cap-
sular invasion that penetrates the entire thickness of the capsule 
and/or vascular invasion, which is a more reliable sign of malig-
nancy than capsular invasion (Fig. 44.20). To qualify as vascular 
invasion, the neoplastic cells should attach to the wall of a large 
calibre extracapsular vessel, obliterating its lumen either partially 
or totally.

From the definitions above it is unsurprising that the diagnosis 
of malignancy depends upon careful histological examination of the 
operative specimen, sectioning the entire nodule volume. Indeed, 

Figure 44.19 Longitudinal ultrasound showing a rare diffuse 
sclerosing variant of papillary carcinoma. A small (12 mm), 
ill-defined, low-echogenicity area and diffuse ‘snowstorm’ scattered 
throughout the rest of the lobe.

Figure 44.20 Longitudinal surgical thyroid specimen with 
an 18 mm lower pole circumscribed haemorrhagic follicular lesion. 
The histological microscopy demonstrates a carcinoma because of 
both vascular and transcapsular invasion.

Blood vessel Combination of
both vascular

and transcapsular
invasion

Figure 44.21 A fluorodeoxyglucose (FDG) avid follicular 
lesion found incidentally during a staging PET/CT examination 
(inset image) for lung cancer. The lesion has none of the ultrasound 
features of an intrathyroid metastasis. Histology showed a benign 
follicular lesion.

Follicular lesion

• Predominantly solid, often larger than other coexistent nodules.
• Relatively homogeneous, hyperechoic or isoechoic.
• Differentiation between benign and malignant nodules is by 

histological examination only.
• Cystic change is absent or relatively small.
• Calcification is unusual.
• Peripheral halo.
• Vascularity: considerable overlap between benign and malignant 

follicular neoplasms.
• Local nodal metastases are uncommon.
• Distant haematogenous metastases are much more common in 

follicular than papillary carcinomas.
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n Distant haematogenous metastases (skeletal, hepatic, 
pulmonary or cerebral) are much more common in follicular 
than papillary carcinomas. This is particularly prevalent in the 
frankly invasive form of follicular carcinoma, with extensive 
extracapsular and vascular invasion.

Oncocytic (Hürthle cell) neoplasms

These represent a variant of follicular neoplasms (approximately 
20%) and similarly have their benign and malignant counterparts 
distinguishable only on histological examination. The malignant 
Hürthle cell tumours are a relatively aggressive subgroup of follicu-
lar carcinomas, with a greater propensity to metastatic spread and 
worse prognosis. Unfortunately, there are no reliable preoperative 
or ultrasound criteria to distinguish this malignant variant.50

Medullary carcinoma

Pathological and genetic factors

Medullary thyroid carcinoma (MTC) is uncommon, comprising 
only about 5% of all thyroid cancers. It arises from the parafollicular 
cells (also called ‘C cells’). The C cells are found in the interstitial 
spaces outside the thyroid follicles in the middle to upper third of 
the lateral lobes. They lie next to capillaries to facilitate secretion of 
their hormone (calcitonin) into the bloodstream. The typical loca-
tion of medullary carcinoma primary tumours reflects the maximal 
density of parafollicular cells as described above. Their proximity 
to the capillary network may also contribute to their higher rate of 
metastatic disease at presentation. Approximately 50% present with 
local cervical nodal metastases and 10–25% with distant pulmonary, 
hepatic or skeletal metastases.

n Calcification is unusual.
n Vascularity on power Doppler imaging is predominantly 

peripheral in benign follicular neoplasms (Fig. 44.23); 
malignant lesions have a higher intranodular vascularity. 
There is considerable overlap in these relatively subjective 
patterns of vascularity.

n Local nodal metastases are uncommon.

Figure 44.22 Axial panoramic thyroid 
ultrasound showing a right lobe follicular 
lesion. IJV, internal jugular vein.
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Right
common
carotid

Left common
carotid

Follicular
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Oesophagus

Figure 44.23 Power Doppler image of the same lesion as 
Figure 44.22 with inset of the surgical thyroid lobe specimen. 
Histologically benign.
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histologically, frequently denser and coarser on ultrasound 
than papillary carcinoma. May exhibit posterior acoustic 
shadowing.

n Hypervascular (disorganised, chaotic pattern) relative to 
adjacent parenchyma on power Doppler; the pattern of 
vascularity often has a disorganised, chaotic pattern.

n Nodal metastases are hypoechoic, unlike papillary nodes, and 
the majority contain echogenic foci, but cystic change is much 
less common.

n Nodal disease within the mediastinum is more common in 
MTC than papillary carcinoma.

n Recurrent disease is very common postoperatively. Elevated 
serum calcitonin levels are a sensitive and specific marker for 
recurrent disease; when evident on ultrasound appears 
similar to the disease at initial presentation.

n FNA of the primary tumour or nodes can confirm the 
diagnosis. Amyloid can be detected by Congo red staining, 
with immunohistochemistry demonstrating calcitonin 
positivity.

Anaplastic carcinoma

Pathological factors

Anaplastic thyroid carcinoma, although a rare thyroid cancer (1–
5%), is extremely aggressive. It is almost invariably fatal, with sur-
vival from diagnosis measured in weeks or months, rather than 
years (median survival approximately 9 months). Despite its rarity, 
it accounts for more than half the total deaths from thyroid cancer. 
Recent reports showing early promise in treating radio-iodine-
resistant metastatic thyroid cancer included small numbers of  
anaplastic cancers. This treatment is based upon angiogenesis and 
kinase inhibitors; it may offer some prolongation of survival in 
these aggressive malignancies.51 The rarity of these aggressive 
cancers may mitigate some of the medico-political barriers to these 
treatments, which are likely to remain very expensive.

Some anaplastic cancers are considered to represent de- 
differentiation within previously occult, indolent papillary or fol-
licular cancers. The diagnosis is usually evident clinically with a 
rapidly growing thyroid mass, presenting with pressure effects or 
symptoms from invasion of local structures in middle-aged to 
elderly patients. Differentiation from the much more treatable 
thyroid lymphoma is usually readily made by FNA.

Various sarcomas of the thyroid are even rarer entities. Pathologi-
cally and prognostically they behave like anaplastic carcinomas; 
they also share similar ultrasound features and are therefore 
perhaps best included in the anaplastic group.

Ultrasound features

Illustrative figures cited52 are from a large series of this rare thyroid 
cancer:

The sporadic or isolated form of the disease is most common 
(75%) and occurs as a typically unilateral, solitary primary lesion 
in patients over 40 years old. Although nodal metastases are 
common, it usually has a better long-term prognosis than the famil-
ial forms of the disease.

The inheritable form of medullary carcinoma may be associated 
with multiple endocrine neoplasia (MEN) as medullary thyroid 
cancer alone, or in association with phaeochromocytomas in type 
2A and 2B syndromes. The inheritable forms of medullary thyroid 
cancer tend to be more aggressive than the sporadic cases, present-
ing at a much younger age (often in the teens and twenties) and 
before any phaeochromocytoma has developed. Type 2A multiple 
endocrine neoplasia can also be associated with parathyroid hyper-
plasia, which could be demonstrable at ultrasound. Multiple endo-
crine neoplasia, type 2B medullary carcinoma is the rarest form of 
the disease but also the most aggressive.

Whilst rare, it is crucial to diagnose familial forms of medullary 
thyroid carcinoma because genetic screening of family members 
can now be performed. The cause of type 2 multiple endocrine 
neoplasia syndromes is specific mutations in the ‘RET proto-
oncogene’, which have been localised to chromosome 10. Its inherit-
ance is autosomal dominant with variable penetrance; as medullary 
thyroid cancer ultimately occurs in almost 100% of genetically pre-
disposed individuals, prophylactic thyroidectomy can be consid-
ered before medullary carcinoma develops, thereby dramatically 
improving the long-term prognosis.

Ultrasound features

Typical features of medullary thyroid carcinoma:
n Solid hypoechoic mass (Fig. 44.24).
n Located in mid or superior thyroid gland if solitary and 

sporadic presentation.
n Familial forms more commonly show diffuse and bilateral 

involvement.
n Echogenic foci are very common in primary lesions (over 

80%). A combination of calcification and surrounding amyloid 

Figure 44.24 Transverse ultrasound of a medullary carcinoma 
in the left upper lobe of a thyroid gland. It is ‘taller than wide’ and 
contains coarser calcification than that typically associated with 
papillary carcinomas.
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Medullary thyroid carcinoma

• Solid hypoechoic, hypervascular mass.
• Mid or superior thyroid gland if solitary.
• Familial forms more commonly diffuse and bilateral.
• Echogenic foci are very common in primary lesions, frequently 

denser and coarser than papillary carcinoma.
• Nodal metastases are hypoechoic and contain echogenic foci; 

cystic change is uncommon. Frequently extend into mediastinum.
• Recurrent disease is very common postoperatively; serum 

calcitonin levels are a sensitive marker.
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Thyroid lymphoma

Pathological factors

Thyroid lymphoma is another rare (1–5%) thyroid neoplasm; within 
this small group, almost all patients have non-Hodgkin’s lym-
phoma (mainly large B-cell) rather than Hodgkin’s lymphoma. 
There is almost always previous thyroid involvement with Hashi-
moto’s thyroiditis, although only a small minority of patients with 
Hashimoto’s thyroiditis ever develop thyroid lymphoma., Thyroid 
lymphoma is more common in women, reflecting the incidence of 
Hashimoto’s thyroiditis, and most patients are elderly (median age 
60 years).

The clinical presentation is usually indistinguishable from  
anaplastic carcinoma with a rapidly progressive neck mass, often 
with compressive symptoms of dyspnoea or dysphagia, but pain is 
less frequently seen.

Unlike anaplastic carcinoma, thyroid lymphoma has an excellent 
and rapid response to chemotherapy and/or radiotherapy and 
therefore a much better prognosis is expected in most patients with 
this disorder.

Ultrasound features

n Diffuse hypoechoic homogeneous mass,54 which may be focal 
or diffuse and unilateral or involving both lobes (Fig. 44.26).

n Background low echogenicity due to associated Hashimoto’s 
thyroiditis.

n Calcification is rarely associated (under 10%).
n Necrosis is very uncommon.
n Regional lymphadenopathy is common (70%); nodes are 

typically homogeneous, round, hypoechoic, hypervascular 
and almost never contain either necrosis or calcification.

n Vascularity on Doppler is unhelpful. It may be hypovascular 
relative to background parenchyma, similar or chaotically 
hypervascular.

n Invasion of local structures is much less common than with 
anaplastic carcinoma; vascular invasion of the internal jugular 

n Diffuse hypoechoic heterogeneous mass (Fig. 44.25), which 
usually has ill-defined margins and involves an extensive part 
of the thyroid, often both lobes.

n Background nodular goitre is present in about 50%.
n Allied clinical features: recurrent laryngeal nerve palsy (37%), 

neck pain (50%), rapidly enlarging mass (75%), symptoms of 
obstruction (90%).

n Dense amorphous calcification is often associated (60%).
n Areas of necrosis are very common (80%) and should be 

identified and avoided at FNA.
n Regional lymphadenopathy (75%): over half of these show 

evidence of necrosis on ultrasound.
n Invasion of local structures: internal jugular vein or common 

carotid artery (50%), trachea, oesophagus, recurrent laryngeal 
or vagal nerves, local muscles.

Differentiation between anaplastic carcinoma and thyroid  
lymphoma is critical due to the potential treatment options and 
dramatic differences in prognosis. The main discriminatory ultra-
sound features of anaplastic carcinoma versus thyroid lymphoma 
are summarised above. Their presence is specific for anaplastic 
carcinoma (p < 0.01).53

Figure 44.25 Axial panoramic thyroid ultrasound showing an 
anaplastic carcinoma with vascular invasion and calcification. 
This is typically extensive and ill defined at presentation. It encircles 
the right common carotid artery. Inset of diagnostic FNA from a 
superficial part of the primary lesion, avoiding the extensive deeper 
necrotic areas. CCA, common carotid artery.
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Figure 44.26 Axial panoramic thyroid ultrasound showing 
a left-sided thyroid lymphoma with adjacent ipsilateral nodal 
involvement which appears very similar to the thyroid lymphoma on 
ultrasound (inset). There was a long history of hypothyroidism. The 
appearance of the right lobe is typical of background Hashimoto’s 
thyroiditis. CCA, common carotid artery; IJV, internal jugular vein.
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Anaplastic carcinoma versus thyroid lymphoma

Anaplastic lesions have the following features on ultrasound:
• calcification – usually coarse
• heterogeneous echogenicity; both hypoechoic and ill defined
• presence of necrosis
• lymph nodes: heterogeneous, often with necrosis, compared to 

homogeneous and isoechoic with the thyroid mass in lymphoma.
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Thyroid incidentalomas and investigative 
strategies for thyroid nodules
Thyroid ‘incidentalomas’ are impalpable nodules discovered inci-
dentally during imaging investigations unrelated to the thyroid and 
are not only being recognised increasingly frequently but cause 
management dilemmas when found.55,56 Impalpable incidental 
nodules are demonstrated not only at ultrasound, but also with CT, 
MRI and latterly PET/CT (Fig. 44.21). Most are less than 1.5 cm in 
diameter and benign.

Consistent with the known prevalence of incidental asympto-
matic papillary cancers of the thyroid,38 it is predictable that a 
proportion of these incidentalomas will be malignant histologically. 
Whilst incidentaloma prevalence of 13% with a malignancy rate of 
28.8% has been described, they were almost all small early stage 
papillary carcinomas.57

Suggested management strategies vary and no definitive agreed 
strategy has currently been defined. The spectrum of alternative 
approaches includes:

n Clinical follow-up by palpation in the absence of suspicious 
features or history.58

n Advising an immediate ultrasound examination and 
additional investigation as indicated; adding a standard 
paragraph (over 130 words long) to put the discovery and 
significance of thyroid incidentalomas in imaging and clinical 
context.59

n A consensus based on a combination of literature review and 
expert opinion for the investigative strategy of any thyroid 
nodules 1 cm or larger in size.10

n A higher index of suspicion for incidental nodules detected on 
PET-CT; all need ultrasound as the next investigation, with 
further investigation dependent upon ultrasound findings.60

n Consider clinical and ultrasound assessment, with FNA as 
appropriate, after an informed discussion with the patient.61

n Apply the best available ultrasound criteria to evaluate the 
thyroid nodule, irrespective of its initial asymptomatic 
presentation, and manage accordingly.62

n Ignore the ‘misleading thyroid nodules’ unless they present 
malignant characteristics on the initial radiological 
investigation that could be relevant to the patient’s clinical 
presentation, recognising the ‘inescapable responsibility’ of 
physicians to ensure that their actions entail more good than 
harm.63

n Turning off the ultrasound machines to escape the flood of 
thyroid nodules64!

This last suggestion, far from being anti ultrasound, may prove 
to have a degree of merit. Just because technology and diagnostic 
skill can detect more and more thyroid ‘cancers’ at ever smaller 
sizes does not necessarily mean that their detection is benefiting 
patients. The vast majority of these impalpable cancers are papil-
lary lesions,40 with an excellent prognosis cited of 99% 10-year and 
95% 30-year survival. Patients with an incidental nodule who are 
investigated and diagnosed as having cancer have to live with the 
psychological anxiety, daily thyroid supplementation, operative 
morbidity, personal insurance implications and long-term medical 
follow-up for a ‘cancer’ that was unlikely to have caused any 
symptoms during their lifetime. The Hippocratic principle ‘to do 
good or to do no harm’ should perhaps be considered and dis-
cussed openly both within multidisciplinary teams looking after 
patients who have (or may have) papillary thyroid cancers and the 
patients themselves. Rather than continuing to try to fine-tune 
diagnostic ultrasound criteria to diminish the overlap between 
benign and malignant features of thyroid nodules, a more perti-
nent research philosophy might be to focus on the small percent-
age of thyroid cancers that are aggressive and alter life spans. 
Apart from the patient-focused considerations above, conservative 
estimates of the economic cost of the thyroidectomies alone, for the 
potential pool of occult papillary cancer in the USA, exceeds 30 
billion dollars.64

or common carotid may be seen in 20%. Local muscle 
invasion is unusual, but more common than tracheal, 
oesophageal, recurrent laryngeal or vagal involvement.

n Ultrasound is as effective as CT for evaluation, except for 
assessment of intrathoracic extension. It also facilitates 
optimal FNA or core biopsy guidance.54

Thyroid metastases

Pathological factors

Direct involvement of the thyroid from local primary tumours of 
the pharynx, larynx, trachea and oesophagus is also relatively 
unusual, occurring in advanced local disease.

Focal thyroid metastases are rarely clinically significant, occur-
ring through haematogenous spread late in the course of the disease 
process in patients with disseminated malignancy. Incidental 
thyroid metastases are found at autopsy in approximately 10% of 
such patients. The commonest site of origin is melanoma, followed 
by breast, but lung, renal and gastrointestinal primaries also occa-
sionally exhibit metastatic spread to the thyroid.

Ultrasound features

Metastases to the thyroid gland are usually large, predominantly 
solid and favour the lower poles of the gland (Fig. 44.27).

Figure 44.27 Axial panoramic thyroid ultrasound showing a 
large lower pole thyroid metastasis and a nodal metastasis 
(lateral to the common carotid artery) from an unknown primary; 
both were poorly differentiated adenocarcinoma on FNA. Note the 
incidental asymmetry of the internal jugular veins. IJV, internal 
jugular vein.

RT IJV Thyroid metastasis LT IJV

Level IV
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Thyroid metastases

• Solid, well defined and frequently large (Fig. 44.27).
• Predominantly in the lower pole.
• Hypoechoic, homogeneous mass.
• Diffuse involvement possible, but unusual.
• No calcification.
• Necrosis is uncommon.
• Regional lymphadenopathy is extremely common.
• Usually associated with advanced disease; haematogenous 

metastases elsewhere.
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adenomatous or hyperplastic nodule as recognised pathologically 
cannot be made on ultrasound – they represent part of the spectrum 
of benign thyroid nodules. It is the most common (80%) pathologi-
cal condition presenting in the thyroid. Long-term follow-up of 
multinodular thyroid glands confirms that benign thyroid nodules 
remain benign for a long time:69 99.3% over a 10-year follow-up 
period.

The possibility of a thyroid carcinoma within a multinodular 
thyroid is one of the most difficult and contentious areas of thyroid 
ultrasound, with incidental cancers (predominantly papillary 
microcarcinoma) discovered at histological examination of other-
wise benign multinodular goitres in 5–10% of cases. Although 
cancers were previously thought to be extremely uncommon in 
toxic goitres, recent evidence suggests that they are only slightly 
less prevalent than in non-toxic multinodular thyroid glands.70 
However, the prognosis of incidental cancer within this context is 
good; possible assessment strategies are discussed above.

Ultrasound features

The main features of multinodular goitres are listed above.

Thyroiditis
The description and classification of thyroiditis is very confusing in 
the literature.71 This is perhaps because thyroiditis can be classified 
in various ways, with the same form of thyroiditis appearing under 
different names, descriptions or places within the classification 
system, depending on the method of subdivision. There are also 
manifestations of thyroiditis that form a spectrum, rather than  
specific separate entities, particularly those of an autoimmune aeti-
ology.72 Table 44.1 summarises the interrelated nomenclature, pro-
posed aetiology, autoimmune association, presence of neck pain 
and expected radio-iodine uptake at nuclear medicine scanning. 
The majority of inflammatory thyroid disorders affect women 
much more commonly than men.

The functional presentation of thyroiditis can also cause confu-
sion as most forms of thyroiditis can present with a patient who 
may be hyperthyroid, hypothyroid or euthyroid biochemically; this 
often depends upon the stage and activity of the disease process, 
which is not always evident at the time of ultrasound examination. 
It is also relatively unusual to have the autoimmune serology 
results available at the time of an initial ultrasound examination. 
Correlation with thyroid autoantibodies (anti-thyroid peroxidase, 
anti-thyroglobulin and anti-TSH receptor antibodies) is often  
invaluable and should be suggested if thyroiditis is suspected  
at ultrasound.

Conceptually, the acute inflammatory process of thyroiditis 
results in destruction of variable numbers of follicles, causing the 

Multinodular thyroid

• Solid, unencapsulated nodules with well-defined margins; mostly 
isoechoic but 5% hypoechoic.

• Comet tail sign; colloid within a nodule, often adjacent to septa or 
peripheral.

• Early nodule formation predominantly in inferior and deep aspect 
of thyroid lobes.

• Cystic component very common; represents haemorrhage or 
colloid within the nodule. A haemorrhagic benign nodule is the 
commonest cause of a rapidly enlarging thyroid mass.

• Heterogeneous internal echogenicity; septa amongst mixed solid 
and cystic components.

• Calcification; coarse, curvilinear, peripheral or dysmorphic. 
Microcalcification rare.

• Vascularity; non-specific and variable.

Incidental solitary nodule and fine-needle aspiration (FNA)

• Containing microcalcifications: strongly consider FNA if ≥1 cm.
• Solid (or almost entirely solid): strongly consider FNA if ≥1.5 cm.
• Coarse calcifications: strongly consider FNA if ≥1.5 cm.
• Mixed solid and cystic – consider FNA if ≥2 cm.
• Almost entirely cystic with a solid mural component: consider 

FNA if ≥2 cm.
• None of the above but ‘substantial interval growth’ (undefined): 

consider FNA.
• Almost entirely cystic and none of the above features: FNA 

probably unnecessary.

Whilst the dilemmas above will undoubtedly provoke continuing 
debate and controversy, practical strategies to help us manage 
patients’ thyroid nodules are still needed. Many algorithms and 
investigative strategies have been proposed.65 Currently the best of 
these resulted from a multidisciplinary consensus meeting and 
combines a thorough literature review with ‘expert opinion’. Whilst 
recognising the evidence in some areas is lacking, it makes manage-
ment recommendations for thyroid nodules of 1 cm or larger 
maximum diameter, summarised according to ultrasound features 
demonstrated.10

The opinion for multiple nodules was divided but the majority 
of authors supported selection of FNA of one or more nodules 
based on the criteria above. All FNAs should unequivocally be 
ultrasound guided. The presence of any abnormal lymph nodes 
overrides the ultrasound features and should prompt FNA of the 
node/s and any ipsilateral thyroid nodule.

Fine-needle aspiration technique
There is unequivocal evidence that ultrasound-guided FNA is supe-
rior to clinician-obtained aspiration with guidance by palpation 
alone.66,67 Techniques vary but the ‘capillary technique’ with no 
suction applied to the needle minimises the contamination of speci-
mens by blood and produces excellent cytological samples.68 This 
entails swift passage of the needle backwards and forwards within 
the thyroid nodule, whilst rotating the needle by its hub. The 
needles are designed to cleave through tissue, rather than cut and 
retain tissue. However, the rotation encourages clusters of cells or 
even tiny ‘microcores’ to enter the lumen, which are held there by 
capillary action and can be expelled either into cytology transport 
medium or spread onto microscope slides, dependent upon the 
local cytologist’s preference.

A 21-gauge venepuncture needle usually provides an optimal 
combination of needle diameter and length for the majority of 
lesions. Contamination with blood can be an occasional problem 
with hypervascular thyroid lesions. The combination of a very swift 
passage within the nodule, with two or three ‘rotating plunges’ of 
the needle within the nodule over 2–3 seconds, using a 23-gauge 
needle, almost always facilitates a satisfactory specimen, minimis-
ing blood contamination. Smaller diameter needles can obtain  
satisfactory samples but have no practical advantage if the tech-
nique is optimal.

Diffuse parenchymal diseases  
and miscellany

Multinodular thyroid
Multiple nodules within the thyroid are often described as a ‘multi-
nodular goitre’, but are extremely common within non-goitrous, 
normal sized glands; therefore the term ‘multinodular thyroid’  
is more useful and appropriate. Differentiation between an 
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Postpartum thyroiditis is common and presents in the first year 
following delivery; it can otherwise be considered to represent a 
variant of Hashimoto’s thyroiditis.

De Quervain’s subacute thyroiditis
The typical course of de Quervain’s thyroiditis (also known as 
subacute granulomatous thyroiditis) is an acute, very painful thy-
roiditis following a viral illness, usually in patients with HLA-B35 
antigen. This phase lasts approximately 1 month and it is usually 
associated with hyperthyroidism together with a transient, reactive 

release of preformed thyroid hormone from them and thus the 
initial hyperthyroidism. After a variable time, as the stored thyroid 
hormone is depleted, the patient may pass through a transient 
euthyroid stage towards the hypothyroid stage of thyroiditis. The 
hypothyroidism may be temporary or permanent depending on the 
severity and underlying causative subtype of thyroiditis and  
the ability of the thyroid to synthesise thyroid hormone following  
the thyroiditis.

General ultrasound appearance of thyroiditis

Just as the acute inflammatory process of thyroiditis causes variabil-
ity of thyroid function relative to the course of the inflammatory 
process, the ultrasound appearances are variable and alter during 
the thyroiditic process. In general, the inflammatory changes and 
oedema cause reduction in echogenicity, either in a focal, patchy or 
generalised distribution. If diffuse, the heterogeneous hypoechoic 
parenchyma is interspersed with echogenic fibrotic streaks. After 
the acute episode the thyroid may return to a normal appearance, 
remain enlarged, appear hypoechoic, appear nodular or atrophic, 
depending partly upon the underlying form of thyroiditis and also 
varying between individual patients.

Additional features of thyroiditides

Hashimoto’s thyroiditis
This is the commonest chronic form of thyroiditis and cause of 
hypothyroidism in areas with adequate dietary iodine intake, being 
at least 10 times more common in women. It is strongly associated 
with other autoimmune conditions and predisposes to the develop-
ment of thyroid lymphoma, which should be considered if there is 
any late growth or hypoechoic mass developing in the background 
of Hashimoto’s.73 FNA should be performed to confirm or exclude 
this diagnosis (Fig. 44.26).

In the acute situation, the thyroid is often affected heterogene-
ously and may show micronodularity (1–6 mm) representing areas 
of lymphocytic infiltration on histology. As Hashimoto’s thyroiditis 
becomes more chronic, the thyroid is enlarged and more diffusely 
hypoechoic, typically with fibrous echogenic septa. Doppler shows 
diffuse hypervascularity within both the parenchyma and septa; 
this correlates with the onset of hypothyroidism. The end-stage 
gland appears atrophic and heterogeneous (Fig. 44.28).

Figure 44.28 Transverse ultrasound showing Hashimoto’s 
thyroiditis; the thyroid is diffusely enlarged and hypoechoic, with 
increased vascularity on this power Doppler image. This represents 
the early chronic stage of the disease, corresponding to the onset 
of hypothyroidism, but before the later thyroid atrophy.

Table 44.1 Classification of thyroiditis

Histological 
classification Synonyms Eponyms Aetiology

Neck 
pain RAIU

Thyroid 
autoantibodies

Chronic 
lymphocytic

Chronic lymphocytic 
thyroiditis, goitrous 
chronic thyroiditis

Hashimoto’s 
thyroiditis

Autoimmune 
(HLA-DR5)

No Variable Present

Subacute 
lymphocytic

(1) Postpartum thyroiditis
(2) Sporadic painless 

thyroiditis

Autoimmune No Decreased Present

Granulomatous Subacute granulomatous 
thyroiditis

de Quervain’s 
thyroiditis

Viral (HLA-Bw35) 
(drug induced)

Yes Decreased Absent

Microbial 
inflammatory

Acute suppurative 
thyroiditis
Acute thyroiditis

Bacterial (left 
fourth branchial 
cleft anomaly)

Yes Variable Absent

Invasive fibrous Chronic fibrotic Riedel’s struma, 
Riedel’s 
thyroiditis

Probably primary 
fibrotic process

Varies Variable Variable

RAIU, radioactive iodine uptake at nuclear medicine scanning.
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PARATHYROID

Introduction

Almost invariably, the indication for imaging parathyroid glands is 
to localise one or more glands causing hyperparathyroidism and 
therefore hypercalcaemia. The necessity for preoperative localisa-
tion has been disputed. However, less invasive unilateral targeted 
surgery has increasingly displaced the older, traditional bilateral 
peri-thyroid exploration. Although time-consuming and associated 
with a greater incidence of complications, the more extensive explo-
ration successfully located and removed the parathyroid in at least 
90% of cases, in experienced hands. Any preoperative localisation 
facilitating a unilateral limited operation therefore needs a high 
accuracy to compete successfully.

The threshold for parathyroidectomy has also lowered during the 
past decade as the occult, deleterious effects of long-term hypercal-
caemia on various body functions and organ systems have been 
increasingly recognised. The increased prevalence of routine bio-
chemical screening for hypercalcaemia has also detected more 
asymptomatic hyperparathyroidism. Patients are therefore being 
referred earlier and many of these patients have much smaller 
parathyroid adenomas, which are therefore more difficult to visu-
alise at ultrasound, despite improvements in ultrasound resolution 
and technology.

Embryology

As with the thyroid, an understanding of the embryological devel-
opment of the parathyroid glands facilitates localisation of some of 
the normal anatomical variants affecting these glands.

The parathyroid glands, like the thyroid, develop from the pha-
ryngeal endoderm, in this case the third and fourth pharyngeal 
pouches. Contrary to logical assumption, the inferior parathyroids 
develop from the dorsal aspect of the third (higher) pharyngeal 
pouch, with the thymus developing from its ventral aspect. They 
are thus also known as ‘parathyroid IIIs’. The thymus migrates 
caudally and medially from the seventh gestational week, pulling 
these parathyroid IIIs with it. They then lose their connection with 
the thymus, usually stopping at the dorsal surface of the lower pole 
of the thyroid gland, outside its fibrous capsule.

The superior parathyroid glands (‘parathyroid IVs’) develop 
from the fourth pharyngeal pouch and detach from it in the seventh 
gestational week, attaching themselves to the thyroid as it migrates 
caudally. Their position is usually more constant and predictable 
than the inferior parathyroid glands, due to the shorter migration 
path. They usually lie on the dorsal surface of the thyroid, also 
outside its fibrous capsule but more posterior and medial than the 
inferior glands. It is relatively unusual for them to lie much more 
cephalad than the level of the thyroid isthmus.

Clinically relevant consequences of this embryology are detailed 
under the anatomical variations below and are relevant to both 
initial imaging and re-imaging of patients with recurrent hyperpar-
athyroidism; particularly with respect to the relatively high inci-
dence of ectopic and supernumerary glands.

Anatomy

Detailed histopathological postmortem dissection75 demonstrates 
typical and less common sites for ‘normal’ parathyroid glands, 
which had a mean size of 5 × 3 × 1 mm. These are not only of critical 
importance during surgical exploration but also for ultrasound 
localisation. A detailed understanding of the variety of possible 
anatomical sites for parathyroid glands is critical to facilitate 
optimal ultrasound evaluation (Fig. 44.30). Exact proportions vary 
between series, but typically are as listed below.

rise in autoantibodies. The painful nodularity is initially subcapsu-
lar, ill-defined, hypoechoic and avascular on ultrasound (Fig. 44.29). 
Progression to a phase of hypothyroidism lasting 2–6 months pre-
cedes a return to euthyroid status, although a small minority of 
patients develop chronic hypothyroidism. The thyroid appears  
unilaterally or bilaterally hypoechoic in the subacute phase, when 
reactive local lymphadenopathy may be seen; it usually returns to 
a normal appearance in the longer term.

Acute suppurative thyroiditis
Involvement of the thyroid with an abscess is rare because of its 
thick fibrous capsule, vascularity and high iodine content. If the 
thyroid, or peri-thyroidal tissues, are involved with an abscess, the 
possibility of a fourth branchial cleft anomaly (persistent pyriform 
sinus–thyroid fistula) should be considered and actively excluded, 
otherwise recurrent future infections and inadequate surgery are 
likely.74 The vast majority of these cleft anomalies are left-sided and 
present initially in childhood. Though rare, correct diagnosis and 
treatment of this entity presents an opportunity to improve dra-
matically the quality of future patient management. Further inves-
tigation with a gas-enhanced barium swallow or neck CT is needed 
to demonstrate the underlying fistula.

Riedel’s thyroiditis
Riedel’s thyroiditis is a rare, chronic inflammatory disease charac-
terised by a dense fibrosis which replaces normal thyroid paren-
chyma. The fibrotic process invades adjacent neck structures and 
extends beyond the thyroid capsule; it may therefore present with 
hypoparathyroidism, hoarseness due to recurrent laryngeal involve-
ment, or stridor. Differentiation from anaplastic carcinoma may be 
impossible on ultrasound.

Figure 44.29 Technetium-99m pertechnetate thyroid scan 
showing de Quervain’s thyroiditis. The normal thyroid uptake 
should be similar in intensity to the salivary glands (see Figure 44.33 
inset), but is absent here, despite an enlarged, tender thyroid gland 
clinically. PG, left parotid salivary gland; SMG, left submandibular 
salivary gland; TG, anatomical location of thyroid gland.

PG
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even down to the level of the aorto-pulmonary window in the 
sub-thymic mediastinum.

Accessory or supernumerary parathyroid glands are found in 
5–15% of individuals at autopsy. These are typically smaller than 
other normal glands with up to between 5 and 8 glands in total. It 
is presumed that these supernumerary glands result from tissue 
fragmentation during migration, thus they are more commonly 
found at parathyroid IIIs sites. This presumed aetiology is corrobo-
rated by their frequent histological association with a tiny fragment 
of thymic tissue.

On occasion there may be fewer than four glands (3–5% of autop-
sies). This may be the end result of several processes, including: 
failure of the primordia to differentiate into the parathyroid  
glands, or atrophy of one or more parathyroid glands early in 
development. Alternatively, failure to find one or more glands at 
autopsy, even when they are present, may be due to technical 
difficulties.

Rarely (1%), the parathyroid glands may lie in an intrathyroidal 
location, usually within the upper pole of the thyroid. This occurs 
when developing parathyroid IV tissue is trapped between the 
lateral and median thyroid components prior to their embryological 
fusion.

The superior parathyroid gland (‘parathyroid IVs’) locations:
n The cricothyroid junction (77%): intimately associated with 

the recurrent laryngeal nerve.
n The dorsum of the upper pole of the thyroid (22%): lying 

deep to the surgical capsule of the thyroid, thus remaining in 
this location when enlarged.

n Retropharyngeal/retroesophageal (1%): whilst rare, glands 
here represent a disproportionate number of ‘difficult to find’ 
parathyroid glands on imaging.

The locations of the more variable inferior parathyroids (‘parathy-
roid IIIs’):

n At the lower pole of the thyroid (42%): either at the anterior 
or posterolateral surface of the lower pole of the thyroid.

n Within the ‘thymic tongue’ (39%): a distinct anatomical 
structure, extending from the lower thyroid pole to the 
mediastinal thymus.

n Juxtathyroidal (15%): a variable distance lateral to the lower 
pole of thyroid.

n ‘Ectopic’ (4%): within the mediastinal thymus (2%) typically 
3–4 cm below sternal notch. Other rare sites include anywhere 
from the submandibular region, around the carotid sheath, 

Figure 44.30 Posterior diagrammatic view of thyroid and parathyroid anatomy with adjacent vessels and nerves.
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Parathyroid scanning techniques

The technique for scanning the parathyroid is similar to that 
employed for the thyroid but a knowledge of the anatomical and 
embryological factors described above, together with the normal 
variants, is critical, as parathyroid anatomy is so variable. Hyper-
extension of the patient’s neck is essential for optimal parathyroid 
evaluation. Whilst high-frequency transducers also provide optimal 
assessment in slim patients, the routine use of a lower frequency 
(e.g. 5 MHz) is commended to assess deeper and lower areas of the 
neck, otherwise inferior gland lesions can be readily overlooked. 
Scanning whilst swallowing can also help to visualise low-lying 
inferior glands by elevating the thyroid and associated structures.

Normal parathyroid glands cannot be localised regularly with 
confidence at ultrasound. The majority of abnormal glands demon-
strated will be hypoechoic and hypervascular on Doppler ultra-
sound. A polar feeding vessel is also a typical and useful observation; 
these are seen at the caudal part of the inferior parathyroid and 
cephalad part of the superior glands. Some 10–20% of parathyroid 
glands may be atypical in appearance; some being isoechoic to 
thyroid, others having variable degrees of cystic change. Calcifica-
tion is relatively unusual; this is most frequently seen in carcinomas 
and hyperplasia due to secondary hyperparathyroidism.

Due to their location and appearance, parathyroid lesions may 
be readily confused with normal local anatomical structures includ-
ing lymph nodes – particularly paratracheal nodes, the longus colli 
muscle, the oesophagus and blood vessels. Thyroid nodules can 
also cause confusion; indeed, patient obesity or multiple thyroid 
nodules are the most frequent cause of inability to delineate par-
athyroid lesions which would otherwise be visible at ultrasound.

As parathyroid ultrasound is usually performed as a preopera-
tive localisation technique and surgeons often find static ultrasound 
images difficult to understand, meticulous reporting with reference 
to constant anatomical landmarks is critical. Two techniques can be 
of help here: storage of video clips in both transverse and longitu-
dinal planes, showing sweeps of the adjacent normal anatomy, 
which can be reviewed subsequently with the surgeon. Alterna-
tively, the patient can be re-examined with the surgeon present; 
immediately preoperatively. This contextualises the anatomy and 
is occasionally invaluable, particularly if surgical exploration has 
failed previously (Fig. 44.31).

The place of ultrasound and sestamibi nuclear medicine scans in 
the preoperative evaluation of hyperparathyroidism continues to 
cause controversy in the literature, but consensus gradually seems 
to be emerging both in the literature76 and the author’s experience 
that both examinations can prove invaluable to maximise both ana-
tomical and physiological information to guide minimally invasive 
surgery with optimal accuracy. CT or MRI may be needed to help 
locate mediastinal or retrotracheal parathyroids.

Ultrasound features of parathyroid lesions

Features of parathyroid adenomas and parathyroid carcinomas on 
ultrasound include :
n Elliptical, low-echogenicity solid nodule; this can appear 

flattened when retrothyroid due to fascial planes but often 
appears more round if infrathyroid.

n Cystic components are relatively common, ranging from 
multiple small areas, to the rarer single large cyst (Fig. 44.32).

n Calcification is rare.
n 90% show an hypervascular, intraparenchymal, 

predominantly arterial pattern; apparently avascular 
adenomas on power Doppler tend to be deep and small; 
therefore this apparent lack of blood flow may be related to 
the Doppler sensitivity rather than true avascularity.

n Demonstration of dual and intrathyroid adenomas, whilst 
rare, will alter significantly the surgical procedure and 
chances of success.

Figure 44.31 Transverse left thyroid bed ultrasound post 
hemithyroidectomy. Localisation of the parathyroid adenoma 
proved challenging (callipers) but was confirmed with  
the hypervascularity shown on the inset power Doppler image.  
The examination was performed immediately preoperatively with  
the surgeon present, facilitating successful resection.

Trachea

Left inferior parathyroid adenoma
in the thyroid bed

Common
carotid
artery

Left omohyoid
muscle

Figure 44.32 Longitudinal ultrasound showing both an 
inferior gland parathyroid adenoma and an adjacent benign 
colloid nodule in the lower pole of the thyroid. Both contain small 
areas of cystic change.
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n The volume of alcohol injected is up to 80% of the calculated 
gland volume; this is injected during power or colour Doppler 
monitoring. Injection ceases when the volume limit is reached 
or intraglandular blood flow signals disappear.80

n Repeat injections may be needed.
n Even in experienced hands complication rates are significant; 

with the development of less invasive surgery, fewer alcohol 
ablations may be indicated.
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Ultrasound is ideally suited for the first-line investigation of neck 
lumps. Clinical palpation is often non-specific and high-frequency 
probes give superb anatomical detail of the superficial structures of 
the neck. The other great advantage of ultrasound is that it is easily 
combined with ultrasound-guided biopsy – fine-needle aspiration 
(FNA) or core biopsy.

The anatomy of the neck is complex; however, a sound knowl-
edge of normal anatomy is essential to performing ultrasound of 
the neck. Many neck lumps are site-specific and an awareness of 
the regional anatomy greatly simplifies the differential diagnosis.

High-frequency, linear probes are employed, typically 7.5–
17 MHz, depending on the size of the patient’s neck. A 9 MHz 
probe would be suitable for most adult necks, a 12 MHz probe for 
a child’s neck or the submandibular region in a slim adult, whereas 
a 5 MHz probe might be required for deeper structures in a large 
neck such as the deep lobe of the parotid gland.

The best position for the examination is with the patient’s neck 
extended over a pillow, with the chin in the midline (Fig. 45.1); the 
patient may be either supine or semi-reclined, whichever is more 
comfortable.

The operator’s position is also important – the patient’s neck 
should be at the same level as the operator’s scanning forearm, with 
the shoulder abducted no more than 30° (Fig. 45.1).1 The screen 
should be at eye level, with the screen and patient in an easy arc.

It is helpful to have a routine technique for scanning the neck 
comprehensively. This should take no longer than 10 minutes  
in experienced hands. A simple method for examining the neck  
in a series of seven sweeps is described (Fig. 45.2), which may be 
adapted to suit individual situations such as a restless child.

The neck is traditionally divided into anterior and posterior tri-
angles by the sternomastoid muscle and further subdivided by the 
digastric and omohyoid muscles (Fig. 45.3). It is useful to be familiar 
with these common anatomical boundaries and the relevant ana-
tomical areas. The ‘spaces’ concept, described by Harnsberger, is a 
very useful radiological approach to the soft tissues of the neck.2,3

Scanning begins in the midline submental position, and then each 
side of the neck is scanned in turn, ending the examination in the 
midline, with a sweep of the anterior neck.

1.  SUBMENTAL REGION

Normal ultrasound anatomy and technique

The neck is scanned with a sweep of the transducer from the tip of 
the chin to the hyoid bone.

The key structure in this region is the sling-like mylohyoid 
muscle, attached to the hyoid in the midline and to the mandible 
laterally. It has a broad, free posterior border, around which wraps 
the submandibular gland.

The mylohyoid muscle defines the floor of mouth, separating the 
sublingual from the submental space (Fig. 45.4). Lesions deep to 
mylohyoid lie in the sublingual space, whilst a lesion superficial to 
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Figure 45.1 Patient position. Photograph demonstrating an ideal 
scanning position.

Figure 45.2 Diagram of the triangles of the neck. The standard divisions of the anatomy of the neck into anterior and posterior 
triangles.

Sternocleidomastoid

Omohyoid

Digastric

Hyoid

Submandibular triangle

Submental triangle

Carotid triangle

Muscular triangle

Occipital triangle

Supraclavicular triangle

POSTERIOR
TRIANGLEANTERIOR

TRIANGLE

Figure 45.3 Ultrasound of the neck in seven sweeps. 
1, Submental. 2, Submandibular. 3, Parotid and buccal. 4, Deep 
cervical chain. 5, Transverse cervical. 6, Posterior triangle.  
7, Anterior cervical. (modified from Greene FL, Compton CC, Fritz 
AG, et al., eds. AJCC Cancer Staging Atlas. 6 edn. New York: 
Springer; 2006).
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mylohyoid lies either in the submental space (midline, between the 
anterior bellies of digastric) or in the submandibular space (lateral 
to the anterior belly of digastric). This distinction is crucial to the 
surgical approach to these lesions – sublingual lesions are removed 
via an intraoral approach, whilst submental or submandibular 
lesions are removed via an external cervical approach. The sublin-
gual and submandibular spaces communicate freely around the 
back of mylohyoid and also with the parapharyngeal space, which 
may be relevant when considering the possible spread of infection 
or malignancy.

The submental sweep starts at the point of the chin. The paired 
anterior bellies of the digastric muscles lie superficially in the 
midline. Deep to digastric, the mylohyoid muscle appears as a thin, 
horseshoe-shaped hypoechoic band, extending from side to side 
(Fig. 45.5).

The orifice of the submandibular duct in the floor of the mouth 
is approximately 1.5 cm deep to the anterior bellies of the digastric 
muscles. The duct is easily seen if there is ostial obstruction but it 

may also be seen in normal individuals. The lingual artery is imme-
diately medial to the submandibular duct in the anterior floor of 
mouth (Fig. 45.6).

The hyoglossus muscle lies deep to and parallel to mylohyoid 
(Fig. 45.7) and lateral to the sublingual gland. The submandibular 
duct runs between hyoglossus and mylohyoid (Fig. 45.4).4 The sub-
lingual gland, lingual vein, and lingual and hypoglossal nerves also 
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Figure 45.4 Anatomy of the floor of the mouth. Coronal 
T2-weighted MRI of the floor of the mouth. The sling-like mylohyoid 
muscle (thin arrows) separates the sublingual and submental 
spaces. The submandibular duct (black arrow) lies between 
hyoglossus (thick arrows) and mylohyoid. m, mandible; h, hyoid.

m
m

h

Figure 45.5 Mylohyoid muscle. Transverse submental sonogram 
demonstrating the mylohyoid muscle (thin arrows). The submental 
space lies between the anterior bellies of digastric (dg). The 
sublingual glands (sl) lie in the sublingual space. Thick arrows 
indicate lingual artery; gh, geniohyoid muscle; gg, genioglossus 
muscle.
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Figure 45.6 Submandibular duct. A: Transverse submental sonogram demonstrating the position of the submandibular duct (callipers), 
approximately 1.5 cm deep to the anterior belly of digastric (dg), adjacent to the lingual artery. B: Dense acoustic shadowing from a 
calculus in the submandibular duct (arrow).
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dg
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Pathology in the submental/ 
sublingual region

Thyroglossal duct cyst
This is the most common midline neck mass. Fifteen per cent of 
thyroglossal duct cysts (TDC) occur at the level of the hyoid bone 
and 20% are suprahyoid – these hyoid and suprahyoid thyroglossal 
duct cysts are important in the differential diagnosis of a mass in 
the submental region. Thyroglossal duct cysts are discussed in 
detail later, in the section on the anterior neck.

Ranula
A simple ranula is a mucous retention cyst of the sublingual gland, 
resulting from obstruction of the duct. It is a true cyst with an epi-
thelial lining. A ranula presents as a painless, cystic, bluish swelling 
in the floor of the mouth. On ultrasound, it is a well-defined, unilo-
cular, anechoic cystic structure, situated off the midline in the sub-
lingual space, deep to mylohyoid and related to the sublingual 
gland (Fig. 45.9). A ranula often splays the mylohyoid and gen-
ioglossus muscles. Its contents may become echogenic with increas-
ing protein content or infection.

A diving or plunging ranula occurs when a simple ranula rup-
tures, forming a pseudocyst, with extravasation of saliva into the 
tissues of the floor of mouth. A diving ranula may present as a 
cervical mass, in either the submental or submandibular space, 
entering the neck around the posterior border of mylohyoid or via 
a defect in the mylohyoid muscle. A mylohyoid muscle defect has 
been noted in up to 77% of individuals (see Fig. 45.21).5

Dermoid and epidermoid cysts
Dermoid and epidermoid cysts result from sequestration of embry-
ological ectodermal tissue. Seven percent of all epidermoid and 
dermoid cysts occur in the head and neck, with the lateral eyebrow 
being the most common location, followed by the floor of mouth.

Epidermoid cysts contain keratin and cholesterol, which derive 
from desquamation of the squamous epithelial lining. They contain 
no skin appendages.

Dermoid cysts contain skin appendages – teeth, hair and seba-
ceous glands. The sebaceous gland content is responsible for the 
fatty element.

run in this space; the nerves are not resolved with ultrasound. The 
sublingual glands are almond-shaped, uniformly echogenic struc-
tures (Fig. 45.5), which open directly into the floor of the mouth by 
a series of small ducts.

The strap-like geniohyoid muscles lie in the midline; scanning 
more inferiorly, the transversely orientated fibres of genioglossus 
will be seen, uniting at the midline raphe – identified as an echo-
genic linear structure (Fig. 45.7). This raphe is an important land-
mark in staging tongue tumours; a tumour that crosses the midline 
will require a total glossectomy.

The sweep finishes at the hyoid bone, a horseshoe-shaped struc-
ture causing a band of focal acoustic shadowing (see Fig. 45.11). 
Once the hyoid bone has been identified, the submental area is then 
scanned longitudinally from the point of the chin to the hyoid – the 
fan-shaped genioglossus muscle and the mucosal surface of the 
dorsum of the tongue are demonstrated (Fig. 45.8). This view may 
be helpful in assessing the depth of tongue tumours, which is 
important for staging and often difficult to assess clinically.

Figure 45.7 Floor of the mouth and tongue. Transverse 
submental sonogram, at a slightly lower level than in Figure 45.6, 
demonstrating the transversely orientated fibres of genioglossus, 
uniting at the midline raphe (arrowheads). Thin arrows indicate 
hyoglossus. Thick arrows, submandibular duct; mh, mylohyoid.

mh

Figure 45.8 Tongue. Longitudinal panoramic sonogram of the 
submental region, demonstrating the dorsal surface of the tongue 
(arrows). gg, genioglossus; gh, geniohyoid; m, mandible; h, hyoid.

m h

gh

gg

Figure 45.9 Ranula. Transverse submental sonogram, 
demonstrating a thin-walled anechoic ranula (arrow). mh, mylohyoid.

mh
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three patients with infantile hypothyroidism have ectopic thyroid 
tissue.7

Ninety per cent of ectopic thyroid tissue is found at the level of 
the base of the tongue, but it can also occur anywhere along the 
thyroglossal tract.8 In 75% of cases of ectopic thyroid, no other 
functioning thyroid tissue exists.

The ultrasound appearances are of a well-defined, uniformly 
echogenic, solid, vascular mass in the sublingual or submental 
region (Fig. 45.11). Normal thyroid tissue in the normal location 
excludes ectopic thyroid tissue.9

Ludwig’s angina
Ludwig’s angina is a potentially life-threatening cellulitis of the 
sublingual space, leading to swelling of the tissues in the floor of 
the mouth. It causes elevation of the tongue, as the infection is 
contained by mylohyoid (Fig. 45.12), leading to upper airway 
obstruction. The commonest cause is dental caries, but it may also 
be due to sialoadenitis, the infection tracking via the submandibular 
duct from the submandibular gland into the sublingual space. 
Ultrasound may be useful in diagnosing non-dental causes and for 
assessing for abscess formation.

2.  SUBMANDIBULAR REGION

Normal ultrasound anatomy and technique

The transducer is swept from the submental position to the angle 
of the mandible. The submandibular space2 is inferolateral to mylo-
hyoid; its principal contents are the submandibular gland and 
lymph nodes. It communicates freely with the submandibular space 
on the opposite side and also with the sublingual space around the 
posterior border of mylohyoid,2,3 which can be important in relation 
to the spread of infection. Owing to early embryological encapsula-
tion, the submandibular gland does not contain any lymph nodes. 
The submandibular nodes are located around the gland.

With the head turned laterally, the mylohyoid muscle can be fol-
lowed from the submental position to its thick free posterior border, 

Figure 45.10 Epidermoid cyst. Transverse submental sonogram, 
demonstrating a midline epidermoid cyst (arrows) in the sublingual 
region. The cyst has a ‘pseudosolid’ appearance, and was 
avascular. mh, mylohyoid.

mh

mh

Figure 45.11 Ectopic thyroid tissue. Transverse submental 
sonogram demonstrating ectopic thyroid tissue (white arrows) at the 
level of the hyoid (black arrows). The lesion has similar appearances 
to the epidermoid cyst in Figure 45.10, but was vascular.

Typically, these cysts present as a midline suprahyoid mass. They 
are soft and often demonstrate ‘retained pitting’. They are unat-
tached to skin, and unlike thyroglossal duct cysts, are not intimately 
related to the hyoid, therefore do not move with tongue 
protrusion.

Although they are cysts, the ultrasound appearances of dermoid 
and epidermoid cysts are of well-defined pseudosolid lesions, con-
taining homogeneous fine internal echoes, which vary depending 
on the amount of keratin (Fig. 45.10). Dermoids may have a more 
heterogeneous appearance; focal hyperechoic globules of fat may 
be seen, which correspond to the ‘sack of marbles’ appearance seen 
on computed tomography (CT) or magnetic resonance imaging 
(MRI).6 Osseo-dental structures may also be seen as echogenic foci 
with posterior acoustic shadowing.

Most of these lesions are found in the sublingual space deep to 
mylohyoid and splaying the genioglossus and geniohyoid muscles. 
They may also present superficial to mylohyoid, in the submental 
or submandibular spaces. The clinical distinction between an epi-
dermoid and a dermoid is academic; it is the location with respect 
to mylohyoid that is important for the surgical approach.

Pseudocystic and pseudosolid lesions

• Applying power Doppler/gentle probe pressure may cause 
‘swirling’ of contents and is useful in differentiating pseudosolid 
and pseudocystic lesions.

Pseudosolid lesions
• Dermoid and epidermoid cyst
• Thyroglossal duct cyst
• Branchial cleft cyst (BCC)

Pseudocystic lesions
• Lymphoma
• Pleomorphic adenoma
• Schwannoma/neurofibroma

Ectopic thyroid tissue
Ectopic thyroid tissue is rare, the ectopic thyroid tissue may  
produce thyroxine, but the levels are usually subnormal. One in 
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be identified by asking the patient to waggle their tongue (Fig. 
45.14). The submandibular duct (Wharton’s duct) exits medially 
from the hilum of the gland, hooking posteriorly around mylohyoid 
and then passing anteriorly between mylohyoid and hyoglossus 
into the floor of the mouth (Figs 45.4, 45.13, 45.14). 
It may be easily identified between these two muscles when 
obstructed, but may also be seen in normal individuals, measuring 
approximately 1 mm in diameter. The lingual vein also runs in the 
same plane and should not be mistaken for the duct. The posterior 
belly of digastric is posterior to the submandibular gland.

It is also useful to identify the submandibular duct in cross-
section, which is best done in an oblique longitudinal plane. The 
probe is positioned so that it lies on a line connecting the angle of 
the mandible and the hyoid bone. The mylohyoid and hyoglossus 
muscles will be seen as a ‘V’-shaped structure converging on the 
hyoid, in between which the submandibular duct and lingual vein 
can be identified in cross-section (Fig. 45.15).

The submandibular region should also be examined in longitu-
dinal section. The anterior submandibular lymph nodes are well  
demonstrated in this view, tucked up under the mandible (see Fig 
46.4B in Chapter 46).

Posteriorly, the tail of the parotid sometimes dips down into the 
submandibular space and lies adjacent to the posterior aspect of the 
submandi bular gland (Fig. 45.16).

Pathology in the submandibular region

Most of the pathology in the submandibular region lies within the 
gland. The superficial location of the gland is ideal for ultrasound 
assessment; further cross-sectional imaging is rarely required. The 
vast majority of lesions are inflammatory.

Pathology in the submandibular gland

Calculi/Sialolithiasis

Calculi are far commoner in the submandibular gland (80–90%) 
than in the parotid (10–20%)10 because the concentration of mucus 

around which the submandibular gland is wrapped. The sub-
mandibular gland is well encapsulated and uniformly echogenic, 
the intraglandular ductules are visible as short echogenic streaks 
(Fig. 45.13). The submandibular gland is a mixed serous and mucous 
gland, and unlike the parotid does not contain significant fat. Deep 
and parallel to mylohyoid, lies the hyoglossus muscle, which may 

Figure 45.13 Submandibular region. Transverse sonogram of 
the left submandibular region. The tonsil (thick arrows) lies deep to 
the submandibular gland (smg). The submandibular duct (thin 
arrows) passes anteriorly between mylohyoid (mh) and hyoglossus 
(hg). dga, dgp, anterior and posterior belly of digastric.

hg
dgp

dga

mh

Figure 45.14 Submandibular duct. Axial T2-weighted MRI of 
the floor of the mouth, depicting the course of the submandibular 
duct (black arrow), between mylohyoid (thin arrow) and hyoglossus 
(thick arrow).

Figure 45.12 Ludwig’s angina. Transverse submental sonogram, 
demonstrating an ill-defined abscess (callipers) deep to mylohyoid, 
(thick arrows) in the sublingual space, and extensive subcutaneous 
oedema (asterisks). Thin arrows = platysma. The patient presents 
with a submental swelling (photograph) and respiratory difficulties, 
as the oropharyngeal airway is obstructed by the elevated tongue.

*
* *
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Figure 45.15 Submandibular duct. Oblique coronal sonogram of 
the submandibular region, demonstrating the submandibular duct in 
cross-section (arrow), between mylohyoid (mh) and hyoglossus (hg). 
h, hyoid, m, mandible.
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Figure 45.16 Retromandibular vein. Transverse sonograms of the submandibular region. A: The retromandibular vein with power 
Doppler lying between the submandibular gland (smg) and the parotid gland (par); the parotid gland is more echogenic than the 
submandibular gland. B: The retromandibular vein (blue) is a constant landmark, and is useful in localising this tumour (arrows) to the 
submandibular gland. (With thanks to Dr R. Winter for this image.)
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Figure 45.17 Submandibular duct calculus. Sonogram of the 
left submandibular duct (thin arrows), obstructed by a calculus 
(thick arrow). mh, mylohyoid.

mh

be followed all the way to the floor of the mouth (Fig. 45.17). Calculi 
appear as hyperechoic rims with posterior acoustic shadowing. If 
very small, the acoustic shadowing may be difficult to appreciate 
and it may be helpful to turn off the compound imaging function 
on the ultrasound machine. Most calculi occur in Wharton’s duct 
(85%), and commonly impact in the duct as it curves around mylo-
hyoid.10 Care should be taken not to mistake the greater cornu 
of the hyoid for a calculus in this location. Very distal calculi may 
be extremely difficult to demonstrate, although proximal ductal 

is higher in the submandibular gland, making the saliva more 
viscous. The increased viscosity and slow flow of saliva contribute 
to the formation of calculi. Ninety per cent of submandibular calculi 
are radio-opaque and are multiple in 25%11 of patients.

An obstructed submandibular gland will be enlarged and hypo-
echoic with dilated ducts. The obstructed submandibular duct can 
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parotid region, where they are much more common. All sub-
mandibular masses should be sampled; two approaches are possi-
ble for obtaining a fine-needle aspiration (FNA) (Fig. 45.20). An 
anterior approach is the safer method, as there are no vessels, but 
this approach may be difficult in patients with a large chin. The 
posterior method is easier; however, care must be taken to avoid 
the retromandibular vein (Fig. 45.16).

Post-radiotherapy changes

Following radiotherapy, the submandibular gland atrophies and 
ceases to function. Occasionally patients with previously treated 
neck disease will present with a contralateral ‘neck swelling’ – 
which will be found to be a normal submandibular gland on ultra-
sound examination.

Pathology outside the submandibular  
gland (non-nodal)

Mylohyoid boutonnière

Defects in the mylohyoid muscle are very common;5 the contents 
of the sublingual space may herniate through the defect into the 
submandibular space, presenting as a cervical mass. The herniated 
tissue may contain fat, vessels or portions of the sublingual gland 
(Fig. 45.21). If this condition is suspected on ultrasound, the herni-
ated tissue may be made more conspicuous by asking the patient 
to swallow.

Diving ranula

A diving ranula occurs when a simple ranula bursts, with extrava-
sation of saliva into the submandibular space, either around the 
posterior free border of mylohyoid or through a mylohyoid defect.5 

dilation is usually visible. These ostial calculi are usually palpable 
intraorally and most will be demonstrated on an intraoral radio-
graph. The localisation of calculi as either intraglandular or ductal 
is essential to plan treatment; most ductal calculi can be removed 
intraorally, sometimes by radiologically guided procedures.  
Symptomatic intraglandular calculi require removal of the gland.

Ultrasound has a high degree of accuracy (96%) for detecting 
calculi,12 and it should be the first line of investigation for abnor-
malities in the region of the submandibular region. If the ultra-
sound is negative and there is a strong clinical index of suspicion, 
sialography should be considered.

If the submandibular gland is obstructed and there is no evidence 
of a calculus, it is important to examine the floor of mouth as small 
tumours in the floor of mouth may present with submandibular 
duct obstruction (Fig. 45.18).

Kuttner tumour (chronic sclerosing sialoadenitis)

This is a relatively uncommon benign inflammatory condition, vir-
tually exclusive to the submandibular gland. The condition may be 
bilateral and is rarely seen in the other salivary glands. Its cause  
is unclear; chronic infection, disorders of secretory function and 
autoimmune disease have all been postulated but it probably rep-
resents the common pathological endpoint of several aetiologies. 
Pathologically, it is characterised by periductal sclerosis.13 Its char-
acteristic clinical presentation mimics a malignant neoplasm, pre-
senting as a focal hard mass. The most typical ultrasound appearance 
is of multiple, small hypoechoic foci, within a heterogeneous paren-
chyma giving a ‘leopardskin’ appearance (Fig. 45.19). These appear-
ances have been likened to ‘cirrhosis’ of the submandibular gland.14 
The ducts may be slightly dilated with a generalised increase in 
vascularity of the gland. This pattern is usually diffuse, but may 
also be focal.14 Unlike in tumours, there is no displacement of 
vessels or ducts, both of which run through the lesion. If required, 
the diagnosis may be confirmed with fine-needle aspiration, 
although this is not usually necessary once the characteristic appear-
ances are appreciated.

Tumours

Tumours are much less common in the submandibular gland than 
in the parotid gland; however, when they occur, they are more 
likely to be malignant (approximately 50%).

The majority will be benign pleomorphic adenomas. The com-
monest malignant tumour of the submandibular gland is an adenoid 
cystic carcinoma. Salivary tumours will be described in detail in the 

Figure 45.18 Submandibular duct obstruction by floor of 
mouth tumour. Transverse conjoined sonograms of the left 
submandibular region. The gland is obstructed by an ill-defined 
tumour in the floor of the mouth (arrows). callipers duct;  
mh, mylohyoid; smg, submandibular gland.

mh
smg

Figure 45.19 Kuttner tumour. Transverse sonograms of both 
submandibular regions demonstrating the characteristic 
‘leopardskin’ appearance of a Kuttner tumour on the right, 
compared with the normal gland on the left.

Submandibular gland

• Adequately assessed by ultrasound, further cross-sectional 
imaging rarely required.

• Does not contain lymph nodes.
• Calculi are commoner than tumours.
• Greater cornu of hyoid may mimic a calculus.
• Obstructed gland and no calculus – always check for floor of 

mouth tumour.
• Tumours are more likely to be malignant.
• Kuttner tumour (benign inflammatory mass) mimics the 

presentation of a malignancy – ‘leopard skin’ appearance on US.
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a cystic hygroma in a child is the posterior triangle; however,  
in adults a cystic hygroma is more commonly seen in the parotid 
or submandibular regions. On ultrasound these lesions are com-
pressible, thin-walled, multiseptated cystic structures, and are 
almost invariably trans-spatial (see Fig. 45.36), and will usually 
require further cross-sectional imaging to define their full extent.

They may be removed surgically or may be injected with OK-432, 
an immune modulator derived from low virulent Streptococcus pyo-
genes which stimulates an inflammatory response and causes the 
lymphatic spaces to contract and fibrose.15

The most important differential diagnosis in relation to a cystic 
hygroma in the submandibular space is a diving ranula; the treat-
ment of these two conditions is very different – a diving ranula 
requires excision of the ipsilateral sublingual gland.16

Lipoma

Lipomas have a characteristic appearance with a well-defined, com-
pressible, hypoechoic mass containing linear echogenic striations, 
giving a feathery appearance (Fig. 45.22). The striations remain 
parallel to the probe, no matter in which direction the scan is per-
formed; this feature is pathognomonic for lipomas.

3.  PAROTID AND BUCCAL REGION

Normal ultrasound anatomy and technique

The parotid glands are the largest salivary glands, producing pre-
dominantly serous saliva. The probe is placed transversely, imme-
diately below the tragus resting on the ascending ramus of the 
mandible. The parotid gland is visualised as a triangular wedge 
of soft tissue between the mastoid process posteriorly and the 
ramus of the mandible anteriorly (Fig. 45.23). The majority of the 
gland lies on the masseter muscle. The parotid gland contains 
abundant fat; it is homogeneously hyperechoic, more so than the 
submandibular gland (Fig. 45.16A). It is also prone to fatty 

It appears as a thin-walled anechoic cystic structure, a small exten-
sion or beak, sometimes seen extending into the sublingual space, 
demonstrating its site of origin.

Lymphatic malformation/lymphangioma

Lymphangiomas are benign tumours composed of lymphatic 
vessels. Cystic hygroma is the subtype most frequently encountered 
in the head and neck. It accounts for 5–6% of all benign childhood 
tumours, most of which are present at birth. Cystic hygroma is 
uncommon after the age of 2 years. The most common location for 

Figure 45.20 Fine-needle aspiration of submandibular gland tumour. Transverse sonogram of a pleomorphic adenoma of the right 
submandibular gland, demonstrating the two approaches to FNA: A: anterior; B: posterior. mh, mylohyoid; hg, hyoglossus.

mh

hghg

mh

A B

Figure 45.21 Mylohyoid boutonnière. Transverse sonogram of 
the left submandibular region, showing a mylohyoid boutonnière 
(arrows), with the sublingual gland (sl) herniating through the 
mylohyoid defect. mh, mylohyoid; dg, digastric.

sl

dg

mh

mh
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Figure 45.22 Submandibular lipoma. Transverse (A) and longitudinal (B) sonogram of a lipoma of the submandibular space (arrows), 
displacing the gland (smg). Lipomas have a characteristic ‘feathery’ echotexture, the striations remain parallel to the probe, in every 
direction of scanning. m, mandible; mh, mylohyoid; hg, hyoglossus.

A B

m

mh
hg

smg
smg

Figure 45.23 Parotid gland. Transverse sonogram of a normal left 
parotid gland, lying between the mastoid (mast) and the mandible 
(m). Stensen’s duct (arrows) courses anteriorly over masseter (ma). 
The vessels (*) arbitrarily divide the gland into deep and superficial 
lobes. dg, posterior belly of digastric.

ma

dg

mast

m * *

infiltration, which causes a diffuse increase in echogenicity. The 
parotid gland is not structurally divided into deep and superficial 
lobes; this is an arbitrary division with respect to the plane of the 
facial nerve and accompanying vessels. From deep to superficial, 
these are the retromandibular vein, external carotid artery and 
facial nerve. The vessels are easily demonstrated, and may be 
confirmed with Doppler; although the facial nerve is not consist-
ently resolved with ultrasound. The neurovascular plane varies 
considerably between patients; therefore, rather than describing a 
lesion as being in the deep or superficial lobe, it is more useful for 
the surgeon to describe the location of a lesion with respect to its 

relationship to the ramus of the mandible (Fig. 45.24). The deeper 
component of the parotid can be difficult to visualise on ultra-
sound as it is obscured by the mandible; this may be even more 
challenging in large necks. Changing the probe to a curvilinear 
5 MHz probe helps in these cases. The tail of the parotid some-
times dips down into the submandibular space and abuts the pos-
terior margin of the submandibular gland; it may therefore be 
difficult to localise pathology correctly. The position or displace-
ment of the retromandibular vein is helpful as a mass lying ante-
rior to the vein will be in the submandibular gland, whereas a 
lesion lying posterior to the vein will be in the parotid gland (Fig. 

Figure 45.24 Parotid pleomorphic adenoma. Transverse 
sonogram of a pleomorphic adenoma of the superficial lobe of the 
parotid; it is useful to measure the distance of the lesion from the 
mandible (dashed line). *, external carotid artery; m, mandible.

*

m
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the deep component of the gland. Any lesion in which the deep 
margins are not clearly defined requires further cross-sectional 
imaging with CT or MRI.

Intraparotid pathology

Tumours
The parotid gland is by far the commonest site for salivary gland 
tumours,17 the vast majority of which (90%) will be benign pleomor-
phic adenomas (60–80%) and Warthin’s tumours, also known as 
adenolymphoma (6–10%). The ultrasound distinction between 
benign and malignant salivary tumours is not clear-cut. Features 
that should arouse suspicion of malignancy are shown in box 
above. Malignant lesions have indistinct margins and may show 
evidence of local invasion. They tend to be in deeper locations in 
the gland and associated cervical lymph node enlargement may be 
present. Colour Doppler shows increased vascularity in the mass18 
and the vascular resistance in these vessels is elevated, with a resist-
ance index >0.8 and a pulsatility index >1.8.19

It is estimated that ultrasound can predict malignancy in 80–94% 
of cases.20

Ultrasound-guided FNA of all parotid masses is advised, as it 
increases the sensitivity of the examination significantly.

Further cross-sectional imaging, preferably with contrasted MRI, 
is required to assess tumours involving the deep lobe of the parotid, 
and any deep involvement of the parapharyngeal space and 
perineural spread. Further imaging is also indicated for any parotid 
tumour with features suspicious of malignancy or malignant cyto-
logy. Recurrent parotid tumours, whether benign or malignant, also 
need CT or MRI.

Salivary tumours, wherever their site of origin, have similar his-
tology, but clinically, tumour types vary according to location. The 
smaller the gland, the more likely the tumour is to be malignant.

Benign tumours

Pleomorphic adenoma

The characteristic ultrasound appearance of a pleomorphic adenoma 
is of a well-defined, lobular, uniformly hypoechoic mass, usually in 
the superficial part of the gland (Fig. 45.24). The mass may demon-
strate apparent distal acoustic enhancement, leading to its descrip-
tion as ‘pseudocystic’, but this phenomenon is thought to be due to 
compression of the gland parenchyma and ductules posterior to the 
tumour, rather than to increased sound transmission. Pleomorphic 
adenomas are usually less than 3 cm in size. As the tumour enlarges 
it may become atypical in appearance, with less well-defined 
margins, making differentiation from a malignant lesion difficult. 
Foci of calcification, haemorrhage and cystic change may also 
develop in longstanding lesions.19

Pleomorphic adenomas in the deep lobe are rare (less than 10%).
It is essential to remove the tumour with an intact capsule, rather 

than the outdated enucleation, to prevent intraoperative seeding, 
with late recurrence in the surgical bed. Recurrent pleomorphic 
adenoma characteristically has a multilobular appearance, likened 
to a ‘bunch of grapes’21 (Fig. 45.26).

45.16A and B). A parotid tail mass must be identified as intrapa-
rotid, in order to avoid damage to the facial nerve at surgery.

Due to late embryological encapsulation the parotid gland, unlike 
the submandibular gland, contains lymph nodes. Lymph nodes are 
identified as small oval hypoechoic lesions with a linear hypere-
choic hilum, usually less than 5 mm.

Stensen’s duct is seen as one or two echogenic lines within the 
anterior aspect of the superficial lobe (Fig. 45.23), and may be fol-
lowed anteriorly over the surface of the masseter before turning 
medially to pierce the buccinator muscle. Small segments of the 
intraglandular ductules are normally seen. Twenty per cent of 
patients have accessory parotid glands; these are usually located 
superior to Stensen’s duct and are often bilateral. The accessory 
glands are elongated and narrow in shape, and have similar ultra-
sound characteristics to the main parotid gland.

After the parotid gland has been examined, the probe is swept in 
the transverse position towards the angle of the mouth in order to 
examine the cheek and buccal region. This region contains the 
distal parotid duct, buccinator muscle, the buccal fat pad and the 
facial artery with associated nodes. The bulky masseter muscle 
gives way to the thin hypoechoic stripe of the buccinator muscle; 
deep to this is the brightly echogenic line of the air/buccal mucosa 
interface, with the curvilinear hyperechoic outlines of the teeth. 
The buccinator muscle is well demonstrated if the patient puffs 
their cheeks out (Fig. 45.25). Stensen’s duct passes anteriorly over 
the fat pad (see below), turning medially to pierce buccinator at 
the second upper molar. The facial artery is a constant landmark, 
lying immediately superficial to buccinator; this is also the  
location of the buccal node, which is important in cutaneous squa-
mous cell carcinoma (SCC) and melanoma metastases (see Fig. 
46.6, Chapter 46).

Pathology in the parotid region

Up to 20% of lumps clinically thought to be in the parotid  
gland are in fact extraparotid; correct localisation is therefore 
important.

Ultrasound alone is adequate in assessing the vast majority of 
pathology in the parotid region. However, it does not reliably assess 

Figure 45.25 Buccal region. Transverse sonograms of the buccal 
region with the cheeks relaxed (A). Buccinator (thin arrows) is 
emphasised by asking the patient to puff their cheeks out (B). Thick 
arrows indicate buccal mucosal interface; m, mandible.

mCheeks puffed-out

Cheeks relaxed

m

A

B

Features suggestive of malignancy in salivary gland tumours

Indistinct margins
Locally invading
Deep lobe location
Colour Doppler: Increased internal vascularity18

Increased intratumour vascular resistance (RI >0.8, PI >1.8)19

Associated cervical lymphadenopathy
Facial nerve palsy
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Figure 45.27 Parotid adenolymphoma. Sonogram of an 
adenolymphoma (Warthin’s tumour) of the parotid gland. These 
tumours frequently have a cystic component.

Figure 45.26 Recurrent parotid pleomorphic adenoma. A: Transverse sonogram of a recurrent parotid pleomorphic adenoma, 
resembling a ‘bunch of grapes’. B: T2-weighted MRI. Further imaging is necessary to demonstrate the deep recurrence in the 
parapharyngeal fat space (*).

* *

A B

Adenolymphoma/Warthin’s tumour

This is the second most common benign parotid tumour. It arises 
from heterotopic salivary tissue within lymph nodes, hence its 
almost exclusive location within the parotid gland and adjacent 
nodes.10 It characteristically occurs in the tail of the parotid in 
elderly males, and may be bilateral in up to 15%. It may also be 
multifocal.

Adenolymphomas are typically well-defined, hypoechoic lesions, 
commonly containing cystic areas and septa (Fig. 45.27); occasion-
ally they may be totally cystic. A fine-needle aspiration characteris-
tically yields a much more mucoid sample than from a pleomorphic 
adenoma. Since these are slow-growing, benign tumours in an 
elderly population, cytological proof is very useful if conservative 
management is being considered.

Oncocytoma

This rare tumour occurs almost exclusively in the parotid gland, 
typically in a patient over 50 years. The ultrasound appearances are 
similar to those of a pleomorphic adenoma.22

Infantile haemangioma/congenital haemangioma

One in three children is born with a vascular birthmark;23 the vast 
majority require no medical attention. Vascular anomalies may be 
divided into two broad categories of malformations and haeman-
giomas.21 Accurate diagnosis, with reference to the correct classifi-
cation system24,25 is essential for prognosis and to allay parental 
anxiety. Haemangiomas are tumours, characterised by rapid post-
natal proliferation, followed by slow involution over the next 1–5 
years. Haemangiomas are the commonest paediatric salivary gland 
tumour, accounting for 90% of parotid masses in children. The 
typical presentation is of a soft, rapidly enlarging, unilateral, com-
pressible swelling, appearing shortly after birth. The mass some-
times has a bluish colour, which becomes more apparent when the 
baby cries (Fig. 45.28).

Ultrasound demonstrates a well-defined, hypoechoic, lobular 
mass, containing multiple linear echogenic septa, and anechoic vas-
cular channels. Power Doppler demonstrates the highly character-
istic ‘burning bush’ appearance of vastly increased perfusion (Fig. 

45.28). These tumours grow at a slower rate than the child, and their 
natural history is of spontaneous involution over 1–5 years.23 Serial 
ultrasound is useful in monitoring the size of the lesion for parental 
reassurance. Features of venous vascular malformations are given 
on page 907.

Nerve sheath tumours – schwannoma, neurofibroma

These lesions are characteristically uniformly hypoechoic, with a 
pseudocystic appearance (see Fig. 45.47). They are ovoid in outline; 
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however, the characteristic ‘tail’, confirming their continuity with 
the facial nerve, is not always seen. In practice, they are difficult to 
distinguish from pleomorphic adenomas. A fine-needle aspiration 
(usually a relatively painless procedure) may be unusually painful, 
which is a clue to the diagnosis.

Figure 45.28 Parotid haemangioma. Transverse greyscale (A) and power Doppler sonograms (B) of a parotid haemangioma in a 
2-week-old baby (see photograph) showing the characteristic vastly increased perfusion. The natural history is of spontaneous involution. 
m, mandible; par, parotid.

m

par

m

A
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Vascular anomalies

Soft tissue vascular
anomalies

Haemangioma Vascular
malformation

•  Tumour

•  Not present at birth, appear
   shortly after birth
•  Initial rapid post natal proliferation,
   followed by regression over 5 years

•  Ultrasound
    Soft tissue mass
    No phleboliths
    High flow
•  Do not usually require treatment,
   conservative management.

•  Malformation secondary to error of
   embryonic development
•  Probably present at birth, appear 
 at puberty
•  Persist through life, grow at same
   rate as patient

•  Ultrasound-
    Soft tissue mass
    Phleboliths 20%
    Low flow/no flow
•  Treatment - sclerosant, embolisation,
   surgery.

Malignant tumours
Primary malignant salivary gland tumours are rare, particularly in 
the parotid gland – only 13% of parotid tumours are malignant, 
while 30% of submandibular gland tumours and 50% of palatal 
tumours will be malignant.17 The ultrasound features that should 
arouse suspicion have already been described (Table 45.1, Fig. 
45.29). There are no specific ultrasound features to distinguish 
one histological type from another; indeed low-grade malignant 
tumours often have benign appearances.

Mucoepidermoid carcinoma

This is the commonest malignant salivary gland tumour overall, 
and the most frequent in the parotid. It is also the commonest 
malignant salivary tumour of childhood.

Adenoid cystic carcinoma

This is the second commonest malignant tumour of the submandi-
bular and minor salivary glands. It has a predilection for perineural 
spread and may present with pain, paraesthesia or cranial nerve 
palsy.

Acinic cell carcinoma

This occurs almost exclusively in the parotid gland, and is the 
second commonest malignant tumour of the parotid; it is also the 
second commonest paediatric malignant salivary tumour.11 It arises 
from terminal ductules and therefore may be multifocal.

Carcinoma ex-pleomorphic adenoma

Malignant degeneration of pleomorphic adenomas increases with 
time and has been estimated at 9.5% in lesions present over 15 
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frequently caused by the mumps virus; it occurs commonly in chil-
dren and is usually bilateral, although it may be unilateral.

Bacterial infection is usually unilateral, the commonest organism 
being Staphylococcus. The parotid gland is the commonest salivary 
gland to be affected by acute suppurative sialadenitis. The causes 
include stones, strictures and dehydration.

The acutely inflamed gland is oedematous and hypoechoic, with 
a convex surface. Multiple, small, rounded, non-branching, hypoe-
choic foci scattered diffusely throughout the gland represent areas 
of sialadenitis. The gland is hypervascular, with enlarged, reactive 
parotid nodes (Fig. 45.30). The role of ultrasound in this acute setting 
is to assess for abscess formation as this can be difficult to determine 
clinically as the gland is so tense and painful. An abscess appears 
as an ill-defined, hypoechoic or anechoic area, and may contain 
moving debris and tiny hyperechoic foci due to micro bubbles of gas 
(Fig. 45.31). If an abscess is demonstrated, thera peutic drainage 
under ultrasound guidance may be performed. Ultrasound is also 
useful to exclude calculi as the cause of the parotitis.

years.26 The classical presentation is of a recent increase in size in a 
longstanding parotid mass.

Metastases

Metastases may occur in the parotid gland as it contains  
lymph nodes. The most common metastases to the parotid nodes 
are from skin squamous cell carcinomas (SCC) and melanoma – 
80% of head and neck melanomas and 50% of SCCs will metastasise 
to the parotid.17 These are usually very well defined on ultrasound, 
mimicking benign lesions.

Lymphoma

Lymphoma of the salivary glands is rare; however, lymphoma is 
the second commonest head and neck malignancy, after squamous 
carcinoma. The parotid gland is the salivary gland most frequently 
affected in non-Hodgkin’s lymphoma. It has not been established 
definitively whether the gland is secondarily involved from intrapa-
rotid nodes or vice versa; it is probable that both sequences of 
events occur.17 The incidence of non-Hodgkin’s lymphoma in 
patients with Sjögren’s syndrome is increased 44 times.11 Parotid 
involvement may be focal or diffuse. Focal disease appears as 
enlarged, markedly hypoechoic, reticulated intraparotid lymph 
nodes with an exaggerated normal pattern of vascularity (see Figs 
46.16 and 46.28 in Chapter 46). Diffuse involvement has non-specific 
features of gland enlargement and is indistinguishable from chronic 
sialadenitis or granulomatous disease.

Lymphoma should always be considered in the differential  
diagnosis of multiple extranodal head and neck lesions, especially 
as the treatment is non-surgical. A core biopsy, in preference to a 
fine-needle aspiration, is recommended if lymphoma is suspected.

Inflammation – acute

Infection

Acute parotitis is an extremely painful condition as the parotid 
gland is invested with a richly innervated fascia. It is most 

Figure 45.29 Malignant parotid neoplasm. Transverse sonogram (A) and T1-weighted MRI (B) of a malignant parotid tumour. 
All parotid malignancies require further cross-sectional imaging, to delineate the deep extent (*), and to assess for perineural spread.  
par, parotid; arrows indicate mandible.

par

*

A B

Figure 45.30 Acute parotitis and associated lymph nodes. 
Conjoined transverse sonograms showing acute parotitis. There are 
multiple hypoechoic foci of sialadenitis (thin arrows), and multiple 
enlarged reactive nodes (thick arrow). The capsule of the gland is 
tense (arrowheads). m, mandible.

m
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pathological hallmarks of autoimmune sialoadenitis. The gland is 
hypervascular at this stage. The punctate sialectasia progresses in 
some patients to larger, globular cystic spaces, associated with glan-
dular destruction,27 giving the pathognomonic ultrasound features 
of end-stage Sjögren’s syndrome (Fig. 45.33). Ultrasound is useful 
for documenting which glands are involved and also to assess for 
lymphoma, which has a significantly increased incidence in patients 
with Sjögren’s syndrome.11 It is also useful to ultrasound the lac-
rimal glands, as they may show similar appearances.

Sarcoidosis

The parotid gland is affected in 6% of cases of sarcoidosis. The gland 
may be diffusely involved with non-specific ultrasound appear-
ances as described above, or there may be focal enlargement of the 
parotid lymph nodes. Heerfordt’s syndrome consists of sarcoidosis 
with parotid enlargement, uveitis and facial nerve palsy.

Figure 45.31 Parotid abscess. Transverse sonogram of a parotid 
abscess. The capsule of the gland is convex (arrows) and the 
margins of the abscess are ill-defined; the echogenic pus will swirl 
on application of power Doppler. m, mandible.

m

Figure 45.32 Parotid duct calculus. Conjoined transverse 
sonograms of a small parotid calculus (arrow) causing obstruction 
of Stensen’s duct. m, mandible.

m
m

Figure 45.33 Chronic Sjögren’s syndrome. Transverse 
sonogram of end-stage Sjögren’s of the parotid gland, 
demonstrating multiple large cystic spaces. The gland is small and 
avascular. m, mandible.

m

Calculi

Calculi are less common in the parotid gland (10–20%) than in the 
submandibular gland (80–90%), due to the higher serous content of 
the saliva. Predisposing factors for stone formation include dehy-
dration and immunosuppression. Rarely, cystic fibrosis may present 
with salivary calculi.

The acutely obstructed gland is enlarged and hypoechoic, with 
dilation of intra- and extraglandular ducts. Calculi in Stensen’s duct 
are easier to demonstrate than intraglandular calculi; they appear 
as hyperechoic ‘rims’ with posterior acoustic shadowing (Fig. 
45.32). If the calculus is in Stensen’s duct, less than 5 mm and 
mobile, radiologically guided extraction may be successful. A 
variety of catheters, balloons and baskets is available for sialoplasty 
and stone retrieval.

Inflammation – chronic
Chronic sialadenitis presents as intermittent salivary swelling, 
which may be painful and may not necessarily be related to eating. 
The aetiology of this condition is varied but the parenchymal 
appearances are similar, regardless of the cause. The parenchyma 
is heterogeneously hypoechoic, with multiple, non-branching, 
round, hypoechoic foci. The gland is small or of normal size, with 
no increased vascularity. The differential diagnosis for these fea-
tures is wide, and includes benign lymphoepithelial lesions (BLELs) 
in Sjögren’s syndrome, sarcoidosis, granulomatous infection,  
lymphoma, lymphoepithelial cysts in HIV patients (AIDS-related 
parotid cysts, ARPC) and recurrent juvenile parotitis.

Sjögren’s syndrome

Sjögren’s syndrome is an autoimmune disorder, consisting of kera-
toconjunctivitis sicca (dry eyes), xerostomia (dry mouth) and a  
connective tissue disorder which occurs almost exclusively in 
middle-aged women. The parotid glands are the salivary glands 
most frequently affected, although the submandibular glands may 
also be involved. In the early stages the salivary glands may appear 
normal. As the disease progresses, the gland enlarges due to an 
autoimmune sialoadenitis and non-obstructive sialectasia occurs, 
manifested by multiple, punctate 2–3 mm, hypoechoic foci, known 
as benign lymphoepithelial lesions (BLELs); these are the 
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obstruction may be calculi, strictures or a benign lymphoepithelial 
lesion (BLEL).

The term benign lymphoepithelial lesion refers to benign masses 
in the parotid gland, composed of acinar atrophy with foci of lym-
phoid tissue containing small islands of myoepithelial cells. These 
benign lymphoepithelial lesions30 arise from the parenchyma of the 
gland. They are the histological hallmark of autoimmune disease 
of the salivary glands; however, they may also occur in the absence 
of autoimmune disease. Cystic change has been reported in BLELs.

A lymphoepithelial cyst (LEC) is a different entity, which arises 
from cystic dilation of trapped salivary tissue within intra- or  
periparotid lymph nodes, analogous to the development of  
Warthin’s tumours.31 Branchial cleft cysts are lymphoepithelial 
cysts and it has been suggested that first branchial cleft cysts  
are more likely to arise from intranodal salivary inclusion than  
from branchial cleft remnants.32 Lymphoepithelial cysts may be 
solitary and the result of chronic infection. Multiple lymphoepithe-
lial cysts of the parotid commonly occur with benign cervical  
lymphadenopathy and HIV infection (Fig. 45.35); in this situation 
lymphoepithelial cysts are referred to as AIDS-related parotid cysts 
(ARPCs). These lesions are thought to be the result of AIDS-related 
hyperplastic lymphadenopathy of the parotid nodes; they  
usually occur in the superficial lobe and vary in size from 0.5 to 
5 cm. They are frequently bilateral and are more common in 
children.

In summary, there is considerable overlap in the pathology of 
cystic lesions of the parotid:
n Congenital causes include first branchial cleft cysts and 

lymphatic malformations (Fig. 45.36); in practice these are 
fairly easily distinguished – the former is a solitary cystic 
structure in or around the parotid, while the latter is a 
multiseptated, often trans-spatial lesion.

n Acquired cystic lesions may be due to chronic inflammation 
or autoimmune disease, may be related to HIV infection in the 
presence of benign cervical lymphadenopathy, or may be due 
to a Warthin’s tumour (Fig. 45.27).

Figure 45.34 Juvenile recurrent parotitis. Transverse sonogram 
of juvenile recurrent parotitis. The gland is non-tender, and contains 
hypoechoic foci of sialadenitis (thin arrows) and reactive nodes 
(thick arrow). m, mandible; dg, posterior belly of digastric.

m

dg

Differential diagnosis of chronic sialadenitis ultrasound:  
Small gland, decreased vascularity, multiple non-branching rounded 
hypoechoic foci

• Chronic infection – usually unilateral.
• Chronic calculus disease – usually unilateral.
• Recurrent juvenile parotitis – child.
• BLEL (benign lymphoepithelial lesion), Sjögren’s syndrome – if 

there is a history of an autoimmune disorder.
• Sarcoidosis.
• Lymphoma.
• ARPC (AIDS-related parotid cyst) – with benign cervical 

lymphadenopathy.

Juvenile recurrent parotitis

This is a rare disorder of childhood characterised by repeated epi-
sodes of non-obstructive parotitis. Males are more commonly 
affected. The symptoms peak in the first year of school, and  
usually subside at puberty.28 Its aetiology is unclear; congenital 
ductal malformation and immunodeficiency have been proposed. 
It has been suggested that children with this condition should be 
screened for Sjögren’s syndrome and immunodeficiency, including 
HIV.29 The main differential diagnosis is mumps. The ultrasound 
appearances are those of chronic sialadenitis and sialectasis  
(Fig. 45.34).

Cystic lesions
Cystic lesions of the parotid are uncommon, accounting for less 
than 5% of all parotid tumours. Whilst ultrasound clearly demon-
strates these lesions and may suggest a specific diagnosis, the 
precise diagnosis relies on the pathologist. Cysts, whatever the aeti-
ology, have similar ultrasound characteristics; they are thin-walled, 
well-defined, anechoic structures, with no internal vascularity. 
Cysts may become thick-walled and contain debris if they become 
infected.

True cysts (with an epithelial lining) of the salivary glands  
are rare; the majority occur in the parotid, and result from  
ductal obstruction, resulting in retention cysts. The cause of the 

Figure 45.35 Lymphoepithelial cysts. Multiple large 
lymphoepithelial cysts (arrows) throughout the parotid gland in 
combination with reactive cervical lymphadenopathy is characteristic 
of AIDS-related parotid cysts (ARPC). (With thanks to Dr C. 
Goodwin for the image.)
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Dental abscess
This diagnosis is usually clinically obvious, with trismus, pain and 
a history of recent dental problems; however, the diagnosis may be 
clinically unsuspected if there is no history of a recent dental extrac-
tion or if the patient is thought to be edentulous. An abscess appears 
as an ill-defined, hypoechoic mass within the masseter muscle or 
buccal space, sometimes with frank cystic change (Fig. 45.37). Perio-
steal reaction and fragmentation of the buccal cortex of the mandi-
ble may also be present. An abscess may be aspirated under 
ultrasound guidance.

Masseteric hypertrophy/bruxism
This condition is caused by teeth grinding, which is usually noctur-
nal. As the hypertrophy is usually unilateral, it may present as a 
parotid space mass. Ultrasound demonstrates an asymmetric 
increase in the masseter muscle; the muscle will be otherwise 
normal. The asymmetry may be exaggerated by asking the patient 
to clench their teeth. This condition may be treated conservatively 
with gum guards or with botulinum toxin injections.33

Venous vascular malformation
Venous malformations are the most common vascular malforma-
tions, 40% occurring in the head and neck. It is important to refer 
to the correct classification system22,23 and to avoid false generic 
terms such as cavernous haemangioma, which create confusion 
regarding treatment and prognosis.

A venous malformation is defined as a simple malformation with 
low flow and an abnormal venous network. These anomalies are 
probably present at birth, although they do not present until ado-
lescence or adulthood. They grow at a similar rate to the patient, 
and do not regress (unlike haemangiomas).21,34 They are soft com-
pressible lesions, often with a bluish colour, which enlarge on the 
Valsalva manoeuvre. They involve skin and subcutaneous tissues, 
as well as muscle and bone. Venous malformations are relatively 
easy to recognise and the radiologist plays a key role in their diag-
nosis. They are heterogeneous or hypoechoic lesions; anechoic 
channels will be seen in 50%, and 20% will have pheboliths (Fig. 
45.38). Doppler demonstrates monophasic, low-velocity flow, or 
occasionally no flow.

Management depends on the extent of loss of function and aes-
thetic considerations; it involves a combination of direct sclerosant 
therapy and surgery. Venous vascular malformations are commonly 
trans-spatial, and require MRI or CT to map out their full extent 
before any planned intervention.

Sialosis
This is non-neoplastic, non-inflammatory, chronic, recurrent swell-
ing of the salivary glands in association with acinar hypertrophy 
and ductal atrophy. The condition occurs most frequently in the 
parotid gland, and less commonly in the submandibular and minor 
salivary glands. Aetiologies include nutritional deficiencies,  
alcoholism, anorexia or bulimia, and endocrinopathies such as 
diabetes.

The ultrasound findings are non-specific: the gland is enlarged; 
however, there are no focal lesions, nor increased blood flow.  
Frequently there is diffuse fatty infiltration, making visualisation 
difficult due to beam attenuation.

Pathology in the extraparotid/buccal space

Most of the extraparotid pathology is related to the masticator 
space.

Figure 45.36 Cystic hygroma. Large solitary cystic hygroma 
(arrows) in the parotid gland of a young patient; these require 
further cross-sectional imaging, as they are almost invariably 
trans-spatial. *, retromandibular vein; m, mandible.

*

m

Figure 45.37 Dental abscess. Transverse panoramic sonogram 
of a large dental abscess in the buccal space, communicating  
with the tooth (thick arrow) through buccinator (thin arrows).  
ma, masseter; m, mandible; p, parotid.

map
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Benign lymphoepithelial lesion (BLELs) and lymphoepithelial  
cyst (LECs)

BLEL LEC

Tissue of origin Salivary parenchyma Lymph nodes

Associated with 
autoimmune disease

+++ −

Extraparotid location No Occasionally 
(Warthin’s)

Association with 
cervical 
lymphadenopathy

No +++ (AIDS-related 
parotid cyst − ARPC)

Multiple   (Warthin’s)

Solitary No  Branchial cleft cyst
 Warthin’s
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Figure 45.38 Venous vascular malformation in the masseter 
muscle. Panoramic transverse sonogram of a venous vascular 
malformation; the masseter muscle (ma) is enlarged and there is a 
large phlebolith (thick arrow). m, mandible; par, parotid.

par

m

ma

Figure 45.39 Buccal fat pad. Transverse sonograms one month apart (A) and (B), demonstrating the involution of the buccal fat pad 
(arrows) over one month, following weaning, in a toddler. These may persist into adulthood, and present as a cheek mass. ma, masseter; 
m, mandible.

ma

m

ma

A B

Figure 45.40 Buccal fat pad on MRI. Axial T1-weighted MRI of 
an infant, demonstrating the buccal fat pads (*).

*
**

Buccal fat pad
The buccal fat pad is a roughly triangular-shaped structure, lying 
on buccinator, anterior to masseter. It has similar ultrasound char-
acteristics to a lipoma: hypoechoic with multiple linear hyperechoic 
striations (Figs 45.39, 45.40). The buccal fat pad varies enormously 
in size, being largest in suckling babies, when it can be visualised 
sliding back and forth during feeding. It atrophies post-weaning 
but persists in some adults, giving rise to a buccal mass.

Pilomatrixoma
Pilomatrixoma is an unusual, slow-growing, benign tumour arising 
from a hair follicle. They commonly occur in the pre-auricular 
region. They present, usually before the age of 10 years, as hard, 
irregular subcutaneous nodules.35 On ultrasound they are small, 
well-defined, hypoechoic, subcutaneous lesions, which occasion-
ally contain calcium.36

Parotid gland

Contains lymph nodes.
Tumours are commoner than calculi.
Vast majority (90%) of tumours are benign pleomorphic adenomas.
Ultrasound differentiation of benign and malignant tumours is difficult.
US FNA: Warthin’s tumours are often mucoid.
Further cross-sectional imaging required for:

deep lobe lesions
all malignant cytology
recurrent pleomorphic adenomas.

Over 20% of ‘parotid’ masses are actually extraparotid.
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identical to the position of the jugulodigastric node, with which it 
may be easily confused.

Pathologically, branchial cleft cysts are lymphoepithelial cysts 
lined by squamous epithelium overlying lymphoid tissue, contain-
ing turbid yellowish fluid, which may contain cholesterol crystals. 
They usually present as a painless, fluctuant mass at the angle of 
the mandible, typically between the ages of 10 and 40 years. This is 
in contrast to branchial cleft sinuses or fistulae, which occur in the 
first decade.35 The cystic mass enlarges slowly and may fluctuate 
in size with secondary infection, which may be associated with  
an upper respiratory tract infection. They may vary in size from  
1 to 10 cm.

Branchial cleft cysts have a variety of sonographic appearances,38 
classically being anechoic, thin-walled and compressible, or hypoe-
choic with internal debris and posterior acoustic enhancement. 
They may occasionally have a pathognomonic beak or extension 
pointing medially between the internal and external carotid arteries 
(Fig. 45.41). They may, however, have a pseudosolid appearance, 
with uniform homogeneous internal echoes, which may cause an 
erroneous diagnosis of a solid mass (Fig. 45.42). Bouncing the probe 
on the lesion, or the application of power Doppler is a useful test; 
this causes the contents to shift and swirl, confirming its cystic 
nature. Ultrasound-guided fine-needle aspiration may be confirma-
tory, but not all the contents should be aspirated, as this will make 
surgical removal difficult.

As previously mentioned, the location of a BCC is almost identi-
cal to the position of the jugulodigastric node, and cystic nodal 
metastases from a squamous cell cancer or a papillary carcinoma of 
the thyroid are common and very important mimics of branchial 
cleft cysts (Fig. 45.43).

The diagnosis of a branchial cleft cyst is relatively easy when it 
occurs in a young adult, in the typical location and has the charac-
teristics of a cystic lesion. Care should be taken in making the 
diagnosis of a branchial cleft cyst in a patient older than 30 years, 
even if cytology confirms the clinical suspicion of a branchial cleft 
cyst, with macrophages and cholesterol crystals. A cystic metastatic 
node cannot be excluded and a thorough search with a panendos-
copy and biopsies should be performed in order to identify a pos-
sible occult primary tumour. Violating the neck in the presence of 
metastases may create ipsi- and contralateral lymphatic shunts, 
with the potential to upstage nodal disease.

Pathology in the deep cervical  
chain – below the JDG region

Most of the non-nodal pathology below the JDG node will be  
neurovascular in origin.

Internal jugular vein thrombosis
Internal jugular vein thrombosis, both acute and chronic, is easy to 
overlook on ultrasound.

Acute thrombosis mimics infection, presenting with unexplained 
neck swelling, tenderness and fever. The lumen of the internal 
jugular vein is distended by hypoechoic thrombus, with surround-
ing soft tissue oedema and loss of fascial planes (Figs 45.44, 45.45); 
attempted compression of the vein confirms the presence of a filling 

4.  JUGULODIGASTRIC REGION AND 
DEEP CERVICAL CHAIN

Normal anatomy and ultrasound technique

Sweeping the transducer from the angle of the mandible down to 
the medial clavicle will show the deep cervical chain of lymph 
nodes, the internal jugular vein, the carotid artery and the vagus 
nerve. Detailed examination of the lymph nodes will be discussed 
in the chapter on the cervical lymph nodes (Chapter 46). For the 
purpose of this chapter, non-nodal pathology that is likely to be 
encountered in this region will be discussed.

This region is best scanned transversely, starting at the angle of 
the mandible and identifying the jugulodigastric node. This is the 
most superior node in the deep cervical chain and the largest node 
in the neck. Its location is constant, lying posterior to the sub-
mandibular gland, inferior to the posterior belly of digastric and 
superficial to the great vessels (see Fig. 46.7, Chapter 46). The long 
axis of the node lies obliquely, parallel to the posterior belly of 
digastric, rather than being orientated longitudinally, parallel to the 
internal jugular vein, as are the remainder of the deep cervical chain 
nodes. It is an ovoid, hypoechoic structure with a central linear 
echogenic hilum. It is the ‘sentinel node’ of the head and neck and 
may be visualised in almost all individuals. Below the jugulodigas-
tric node, the lymph nodes are clustered around the internal jugular 
vein from 9 o’clock to 3 o’clock (see Fig. 46.8, Chapter 46). The vagus 
nerve and sympathetic chain lie between the great vessels.

Sweeping down from the jugulodigastric region to the medial 
clavicle, the key structure is the internal jugular vein (IJV). It is 
important to keep the internal jugular vein in the centre of the field 
of view, gently bouncing the probe intermittently on the vein, to 
confirm its patency. The internal jugular vein will be easily visible 
with the patient lying down, but will commonly be collapsed if  
the patient is examined sitting up. Its patency may be checked  
with the Valsalva manoeuvre. The vagus nerve lies deeply, between  
the great vessels; it is approximately 2–3 mm in transverse diameter 
(see Fig. 46.8, Chapter 46).

The omohyoid muscle crosses the great vessels obliquely,  
from anterior to posterior, marking the division between  
the mid and lower deep cervical chain at the level of the cricoid 
cartilage. It is easy to mistake this muscle for a node; scanning the 
muscle in longitudinal section will confirm its nature (see Fig. 46.9, 
Chapter 46).

Pathology in the deep cervical  
chain – JDG region

Branchial cleft cyst
The vast majority (95%) of branchial cleft anomalies arise from the 
second branchial cleft. Embryologically, the second branchial arch 
overgrows the second, third and fourth branchial clefts, resulting 
in the expansion of the second branchial cleft into an elongated 
common cavity: the cervical sinus of His. Incomplete closure of this 
sinus leads to anomalies of the second branchial cleft, which may 
be cysts, sinuses or fistulae. The anomalies may occur anywhere 
along the tract, which extends from an external opening at the 
anterior border of sternomastoid at the junction of its middle and 
lower thirds. The tract then passes superiorly, passing between the 
internal and external carotid arteries, to the internal opening into 
the tonsillar fossa. Cysts are the commonest anomaly, followed by 
fistulae.37

Second branchial cleft cysts (BCCs) have a characteristic loca-
tion at the angle of the mandible, lying posterior to the sub-
mandibular gland, superficial to the great vessels and under the 
anterior border of sternomastoid. This location is virtually 

Branchial cleft cyst (BCC) mimics

• Metastasis from a head and neck SCC.
• Metastasis from papillary carcinoma of the thyroid.
• Beware of making the diagnosis of a BCC in a patient older than 

35–40.
• A thorough search for a possible head and neck primary, in 

particular the tongue, tonsil and thyroid, is indicated if the patient 
is older than 35–40.
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Figure 45.41 Branchial cleft cyst. Conjoined transverse sonogram (A) and CT scan (B) of a branchial cleft cyst; note the characteristic 
location – posterior to the submandibular gland (smg), deep to sternomastoid (sm), and superficial to the great vessels (cc, common 
carotid; ij, internal jugular). Occasionally a small ‘beak’ may be seen in between the internal and external carotid arteries (arrow).

smg

sm smg

IJ

CC

sm

A B

defect. Other useful signs are a lack of mobile venous valves, loss 
of respiratory and cardiac variation and loss of distension with the 
Valsalva manoeuvre. Collateral veins are usually absent and the 
contralateral internal jugular vein may be distended.39 A Doppler 
signal within the thrombus indicates tumour.

Chronic internal jugular vein thrombosis is more difficult to iden-
tify. The vein lumen is small, echogenic and non-compressible (Fig. 
45.44B); collaterals will usually be present, particularly the anterior 
jugular vein, and the soft tissue planes will appear normal. This is 
a relatively common finding following a neck dissection, radio-
therapy or previous central line insertion.

The most common cause of internal jugular vein thrombosis  
is iatrogenic intimal damage, either following internal jugular  

Figure 45.42 Pseudosolid appearance of a branchial cleft 
cyst. Transverse sonogram of a branchial cleft cyst – the lesion 
has a pseudosolid appearance. smg, submandibular gland; sm, 
sternomastoid; *, carotid artery.

smg

sm

*

vein catheterisation or by repeated puncture by intravenous  
drug abusers.40 Other causes are infective or metastatic lympha-
denopathy; rarely, internal jugular vein thrombosis may be the  
presenting feature of an occult malignancy – Trousseau’s syn-
drome.41 Trousseau’s syndrome is a paraneoplastic hypercoagulable 
state resulting in migratory thrombophlebitis. A systematic search 
for an occult malignancy should be guided by the patient’s symp-
toms, the commonest associated tumours being lung, pancreas and 
stomach; head and neck tumours account for less than 1%.42

Paragangliomas/glomus tumours
Paragangliomas, also known as glomus tumours, are benign, vas-
cular tumours arising from paraganglionic tissue in the vessel 
walls. They occur at various locations in the head and neck:

n Glomus jugulare: at the jugular ganglion of the vagus, at the 
skull base.

n Glomus vagale: at the nodose ganglion of the vagus, 1–2 cm 
below the skull base.

n Glomus tympanicum: around the nerves of Arnold and 
Jacobson in the middle ear.

n Carotid body tumour (CBT): in the carotid body, at the 
carotid bifurcation.

The carotid body tumour is the only one that may be reliably 
visualised with ultrasound. They present as painless, slow-growing, 
lateral neck masses. Characteristically, they will be mobile in a 
lateral plane but not in a vertical plane. The location of the tumour, 
characteristically splaying the carotid bifurcation, is the best clue to 
the nature of the lesion. On ultrasound, it is a well-defined, hetero-
geneously hypoechoic mass containing multiple anechoic foci,  
corresponding to blood vessels. Colour Doppler shows a highly 
vascular tumour with chaotic blood flow, usually coming from the 
external carotid artery but occasionally from the internal carotid or 
vertebral arteries (Fig. 45.46).

Further cross-sectional imaging is indicated in all cases of glomus 
tumours, to define the superior extent of the lesion with respect to 
the skull base and to identify further lesions; up to 10% are multiple, 
increasing to 30% in familial cases.43
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Figure 45.44 Internal jugular vein thrombosis. Conjoined transverse sonograms of acute (A) and chronic (B) internal jugular vein 
thrombosis (arrows) – both may be mistaken for lymph nodes (thick arrow in A). IJ; internal jugular vein; CC, common carotid artery.
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Figure 45.43 Differential diagnosis of branchial cleft cysts. Transverse sonograms of branchial cleft cyst mimicking (A) papillary 
carcinoma metastasis, (B) squamous cell carcinoma metastasis. Note the identical location of the jugulodigastric node and a branchial cleft 
cyst. smg, submandibular gland; *, carotid artery.
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Figure 45.45 Effect of transducer pressure on internal jugular vein thrombosis. Transverse sonograms of internal jugular vein 
thrombosis (arrows), demonstrating how too much pressure with the transducer (A) may obliterate the vein, causing it to be mistaken for a 
node. B: Relaxing the pressure allows the vein and thrombus to be demonstrated. n, malignant node.

A B
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lesion. Schwannomas tend to be eccentric with respect to the 
nerve, while neurofibromas tend to be concentric, although this 
relationship may be difficult to define on ultrasound.44 These 
lesions are hypervascular, although not to the same extent as 
glomus tumours; the vascularity may be abolished by light pres-
sure from the probe.45

Lymphomatous nodes may also have posterior acoustic enhance-
ment; however, they will usually be multiple, whereas a nerve 
sheath tumour will be solitary.

5.  SUPRACLAVICULAR FOSSA

Normal ultrasound anatomy and technique

This region is examined with the transducer positioned trans-
versely. The transducer is swept from the medial aspect to lateral 

An ectatic common carotid bifurcation is a common clinical 
mimic for a carotid body tumour.

Nerve sheath tumours
Peripheral nerve tumours of the neck are rare. The most common 
are schwannomas and neurofibromas. Clinically, they are usually 
mistaken for a lymph node, but they have certain characteristic 
sonographic features which help in differentiating them from 
lymph nodes.

On ultrasound, they are well-defined, ovoid, homogeneously 
hypoechoic nodules. The differentiating signs of a schwannoma 
with respect to a normal lymph node are: tapering ends, lack of 
an echogenic hilum and occasionally posterior acoustic enhance-
ment, giving a pseudocystic appearance. When scanned longitu-
dinally, the tapering ends confirm their origin from the nerve (Fig. 
45.47). The parent nerve is seen as an echogenic, fibrillary struc-
ture; occasionally it may be followed around or through the 

Figure 45.46 Carotid body tumour. Longitudinal conjoined 
sonogram of a carotid body tumour – its location at the carotid 
bifurcation and intense vascularity are characteristic features. cca, 
common carotid artery.

cca

Figure 45.47 Cervical schwannoma. Longitudinal sonogram of a 
schwannoma in the posterior triangle – a well-defined, hypoechoic, 
pseudocystic lesion, with tapering ends, in continuity with the 
echogenic, fibrillary parent nerve (arrows).
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Figure 45.48 Brachial plexus roots and trunks. Transverse 
sonogram of the brachial plexus elements (roots and trunks), as 
they lie between scalenus anterior (sa) and scalenus medius (smed). 
sm, sternomastoid.

sa

smed

sm

The transverse processes of the cervical vertebrae are easily seen 
in slim individuals and should not be mistaken for calcified lymph 
nodes. C3 to C6 have bifid transverse processes – the anterior tuber-
cle may be seen immediately deep to the internal jugular vein, with 
the posterior tubercle posterior to it, forming an echogenic ‘U’-
shaped structure on transverse scanning. The ‘U’ shapes of the bifid 
transverse processes become progressively larger from C3 to C6 
(Fig. 45.49), and the ovoid, hypoechoic nerve roots may be seen 
emerging through them to lie between scalenus anterior and scale-
nus medius.

C6 is easy to identify as the vertebral body lying posterior to the 
thyroid gland; the probe is then moved laterally to the pedicle, 
allowing identification of the anterior and posterior tubercles of the 
transverse process, with the C6 root emerging between them (Fig. 
45.49). The absence of the anterior tubercle is a reliable and key 
anatomical landmark for C7; the roots of C8 and T1 are not consist-
ently identified. The roots should be examined in both transverse 
and longitudinal planes (Fig. 45.50).47

Although MRI is the imaging technique of choice for the brachial 
plexus, ultrasound is gaining popularity as a useful adjunct to MRI 

aspect, with slight inferior angulation, along the superior margin 
of the clavicle. The key structure to identify is the scalenus anterior 
muscle with the venous structures (internal jugular vein and sub-
clavian vein) anterior to it and the subclavian artery posteriorly. 
Between the scalenus anterior and scalenus medius muscles, the 
brachial plexus elements appear as round/ovoid hypoechoic struc-
tures, emerging from medial to lateral. There are usually three 
structures corresponding to the brachial plexus trunks at this level; 
however, depending on the angle of the probe, a combination of 
roots (five) and trunks (three) may be visualised (Fig. 45.48).46

In slim individuals and with inferior probe angulation, the 
brightly echogenic lung apex, sliding beneath the pleura, may be 
seen behind the first rib and subclavian artery.

The transverse cervical group of lymph nodes lies around the 
transverse cervical artery and vein as these vessels run from  
the costocervical trunk across the posterior triangle to the levator 
scapulae muscle.

Pathology in the supraclavicular fossa

Non-nodal masses of the supraclavicular fossa are rare; however, 
normal structures often present as ‘masses’. The most common 
pseudo-mass in middle-aged women is fat – which is often 
asymmetrical.

Tortuous or prominent subclavian vessels and apical lung bullae 
are other pseudo-masses easily identified with ultrasound.

6.  POSTERIOR TRIANGLE

Normal ultrasound anatomy and technique

The posterior triangle lies posterior to sternomastoid, bounded by 
trapezius posteriorly and the clavicle inferiorly; the floor is com-
posed of a layer of muscles: scalenus anterior and scalenus medius, 
together with levator scapulae. It is a superficial, fat-filled space and 
is easily assessed in the transverse plane by a sweep from the 
mastoid process to the lateral clavicle/acromioclavicular joint. 
Within this echogenic layer of adipose tissue lie the posterior trian-
gle chain of nodes and the spinal accessory nerve, which crosses the 
triangle along the line of the lymph nodes, but is not visualised on 
ultrasound.

Figure 45.49 Cervical nerve root. Transverse sonogram of the 
right C6 nerve root (thick arrow); thin arrow indicates pedicle; #, 
anterior process; *, posterior process; v, vertebral body; th, thyroid.

*
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Figure 45.50 Longitudinal view of cervical nerve roots. 
Longitudinal sonogram of the C6 and C7 nerve roots exiting the 
neural foramina.

C6

C7
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Figure 45.52 Epiglottis. Transverse sonogram at a slightly lower level than Figure 45.51 of (A) normal pre-epiglottic fat, and (B) tumour 
(thin arrows) in the pre-epiglottic fat. Thick arrows indicate epiglottis; *, pre-epiglottic fat; s, strap muscles.
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Figure 45.51 Valleculae. Transverse sonogram just below the 
hyoid, demonstrating the valleculae (black arrows). White arrow 
indicates epiglottis; s, strap muscles.

s s

in the investigation of post-ganglionic brachial plexopathies. It is 
also useful for guiding local anaesthetic injections for regional 
blocks; it is therefore worthwhile spending time familiarising 
oneself with the anatomy of this region.

Pathology in the posterior triangle

Non-nodal pathology is rare – the commonest being nerve sheath 
tumours (Fig. 45.47).The posterior triangle is the commonest site for 
a cystic hygroma in children (Fig. 45.36).

7.  ANTERIOR (INFRAHYOID) NECK

Normal ultrasound anatomy and technique

This final sweep starts at the hyoid bone and extends down to the 
suprasternal notch, in the midline. This region contains structures 
which may be unfamiliar on ultrasound: the larynx, trachea, 
hypopharynx and proximal oesophagus, as well as the pre- and 
paratracheal nodes (see Figs 46.11 and 46.12, Chapter 46). This 
region is assessed transversely for lymph nodes, supplemented by 
longitudinal scanning of the larynx. Although ultrasound is not the 
primary imaging modality for the larynx, it can provide useful and 
complementary information; it is therefore valuable being familiar 
with the normal ultrasound anatomy.48

The first key structure to identify in the transverse plane is the 
hyoid bone (Fig. 45.11), a smooth horseshoe-shaped structure, with 
dense posterior acoustic shadowing. The genioglossus muscle is 
seen immediately superior to the hyoid, fanning out into the tongue 
(Figs 45.7, 45.8). The valleculae are paired, mucosal pouches situ-
ated between the base of the tongue and the epiglottis; they are 
sometimes visualised as two short, echogenic lines parallel to the 
probe, just below the hyoid (Fig. 45.51). The tip of the epiglottis is 
seen deep to the valleculae as a single, transverse echogenic stripe 
parallel to the probe (Fig. 45.52). The pre-epiglottic fat lies anterior 
to the epiglottis, and contains uniformly fine, speckled echoes (Figs 
45.53, 45.54); it is continuous with the paraglottic fat and it is a 
useful region to assess for submucosal spread of supraglottic 
tumours, as this is a clinical ‘blind spot’.

The space should be assessed transversely and longitudinally; the 
longitudinal view is key to the delineation of thyroglossal duct cysts 
and their relationship to the hyoid (Fig. 45.54).

The thyroid cartilage calcifies to a variable degree; when non-
calcified it is seen as a thin, hypoechoic, inverted ‘v’-shaped struc-
ture in transverse section. If the thyroid cartilage is sonolucent, the 
mobile false and true cords may be visualised within the larynx. 
The false cords contain paraglottic fat and are therefore brightly 
echogenic, whereas the true cords are composed of muscle and are 
therefore hypoechoic (Fig. 45.55A and B). The arytenoid cartilages 
may also be visualised as small echogenic foci within the posterior 
aspects of the true vocal cords. This transverse view of the larynx 
is useful for assessing cord mobility in patients who are difficult to 
examine with nasendoscopy, for example children.

The echogenic paraglottic fat is an important region to identify. 
It is best assessed with the probe in an oblique longitudinal position 
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Larynx

• Unfamiliar anatomy.
• Limited in heavily calcified cartilages.
• Useful for vocal cord mobility.
• Valuable in assessing submucosal spread to the pre-epiglottic 

and paraglottic fat spaces, as these areas are clinical blind spots.
• May be useful for assessing thyroid cartilage invasion.

Figure 45.54 Pre-epiglottic and paraglottic fat spaces. 
Longitudinal midline sonograms at the infrahyoid level. A: Normal 
pre-epiglottic fat and B: a thyroglossal duct cyst protruding through 
the thyrohyoid membrane (thick black arrows), into the pre-
epiglottic fat (*), which is continuous with the paraglottic fat 
inferiorly. Thin arrow indicates hyoid; thick arrows indicate epiglottis; 
o, thyroid cartilage.
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Figure 45.53 Pre-epiglottic and paraglottic fat spaces. Diagrams demonstrating the pre-epiglottic and paraglottic fat spaces. 
These are the site of submucosal tumour spread, and are clinical blind spots.
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(Figs 45.53, 45.56). This is another clinically invisible site of submu-
cosal invasion from supraglottic tumours.

Thyroid cartilage invasion (denoting a T3 tumour if the inner 
cortex is involved, T4 if the tumour extends through the outer 
cortex) is often very difficult to determine clinically and radiologi-
cally, ultrasound may help in this respect.

In the transverse plane, the cricoid cartilage is seen as a bulky, 
smooth, hypoechoic ‘mass’ emerging from the posterior aspect of 
the upper pole of the thyroid gland; care should be taken not to 
mistake this for a thyroid nodule.

The trachea is seen as a series of sonolucent rings below the 
cricoid. Identification of these cartilaginous rings is required for safe 
placement of a percutaneous tracheostomy; the optimal position for 
the tracheostomy tube is between the first and second tracheal 
rings.

The postcricoid segment of the oesophagus is frequently seen 
posterior to the inferior pole of the thyroid gland; it is important to 
recognise this as a normal structure rather than mistaking it for a 
thyroid nodule. It has concentric hypo- and hyperechoic mural 
rings, corresponding to the muscle layers and the gas/mucosal 
interface; scanning in a longitudinal plane confirms its tubular 
nature. If in doubt, ask the patient to swallow and peristalsis will 
be observed. Tumours of the postcricoid oesophagus may also be 
seen (Fig. 45.57).

The normal thymus gland is sometimes visible in children, deep 
in the suprasternal notch. The gland has a smooth margin; the 
hypoechoic parenchyma has a granular texture which may show 
comet-tail or ring-down artefacts, giving a ‘sparkly’ appearance 
(Fig. 45.58).

Pathology in the anterior (infrahyoid neck)

Thyroglossal duct cyst (TDC)
Thyroglossal duct cyst is the most common midline neck mass and 
also the most common congenital neck mass.49 Most (65%) thy-
roglossal duct cysts occur below the hyoid bone, 15% occur at the 
level of the hyoid and 20% are suprahyoid – these hyoid and sup-
rahyoid cysts must be considered in the differential diagnosis of a 
mass in the submental region.

The primitive thyroid begins to develop during the third week of 
fetal life, descending into the anterior neck along the thyroglossal 
duct. The thyroglossal duct originates at the foramen caecum in the 
base of the tongue and descends through the floor of mouth, around 
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Figure 45.55 Vocal cords. Transverse sonograms at the level of the thyroid cartilage (o) showing (A) false vocal cords (tiny arrows) and 
(B) true vocal cords (tiny arrows). The false vocal cords are brightly echogenic as they contain paraglottic fat (*). Thick arrows indicate 
arytenoid cartilages.
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Figure 45.56 Tumour invasion into the paraglottic fat. Oblique coronal sonogram of (A) normal paraglottic fat (*) and (B) tumour 
invasion into the paraglottic fat (arrows) on the contralateral side. o, thyroid cartilage; *, paraglottic fat.
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Figure 45.58 Thymus gland. Sonogram of a normal thymus gland (arrows) in the suprasternal notch. Transverse (A) and longitudinal (B) 
images. The gland contains multiple brightly echogenic foci with ring-down or comet-tail artefact giving a ‘sparkly’ appearance. tr, trachea; 
str, strap muscle; *, carotid artery.
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Figure 45.57 Tumour of postcricoid oesophagus. A: Transverse and B: longitudinal sonograms at the level of the cricoid cartilage 
(thick black arrows), demonstrating a postcricoid tumour (thin arrows and callipers). Thick white arrow indicates gas/mucosal interface.
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Figure 45.59 Thyroglossal duct cyst. Transverse sonogram at 
the level of the thyroid cartilage (o), demonstrating a thyroglossal 
duct cyst embedded in the strap muscles (s), just off the midline.
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Figure 45.60 Pharyngeal pouch. Transverse sonogram at the 
level of the cricoid cartilage (A), and a barium swallow (B), 
demonstrating the sparking echoes of gas (arrows) within a left 
pharyngeal pouch. A laryngocele would have similar appearances. 
ijv, compressed internal jugular vein, cca, common carotid artery.
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Twenty per cent of laryngoceles are secondary to a tumour obstruct-
ing the laryngeal ventricle.

Laryngeal tumours
Supraglottic tumours frequently invade the pre-epiglottic and para-
glottic fat spaces; both sites are submucosal, and tumours at these 
sites are usually clinically invisible. Tumour is seen as a poorly 
defined hypoechoic mass within the echogenic fat (Figs 45.52, 
45.56). Invasion through the thyroid cartilage is difficult but impor-
tant to identify as it denotes a T4 tumour, which may require a 
laryngectomy as cartilage is relatively insensitive to radiotherapy.

Note that the pattern of spread of a postcricoid carcinoma is to 
spread around the posterior margin of the thyroid lamina rather 
than through it, as the tumour is usually confined by the superior 
constrictor muscle. Tumour will therefore be seen on both sides  
of the thyroid cartilage without direct invasion through the 
cartilage.

Pharyngeal pouch
A pharyngeal pouch is occasionally an incidental finding on ultra-
sound. It appears as a sparkling echogenic gas-containing structure, 
usually in the left anterior neck (Fig. 45.60). It may be mistaken for 
an abscess.

Chondroid tumours
These are rare tumours, accounting for less than 1% of all laryngeal 
tumours. They are most common in the cricoid cartilage. On ultra-
sound they are solid, hypoechoic lesions containing punctate foci 
of calcification (Fig. 45.61).

The postoperative neopharynx
Jejunal grafts and stomach pull-ups are used to reconstruct the 
hypopharynx following laryngectomy. As the larynx has been 
removed, this neopharynx is very superficial, and easily visualised 
in the anterior neck. The ultrasound appearances have an identical 
appearance to bowel elsewhere with concentric hypo- and hyper-
echoic mural rings. In some views these appearances may be mis-
taken for an abscess (Fig. 45.62).

or through the hyoid bone, and passes anterior to the strap muscles 
to the thyroid bed. Failure of involution of the thyroglossal duct at 
the eighth gestational week can result in congenital anomalies, such 
as thyroglossal duct cysts or ectopic thyroid tissue.

About 50% of patients present before the age of 10, while a second 
group present in young adulthood.2 Thyroglossal duct cysts present 
as slowly enlarging, painless masses in the anterior neck, classically 
moving up and down on tongue protrusion due to their attachment 
to the hyoid bone. If infected they become red, indurated and 
painful. There is frequently a history of previous incision and 
drainage.

Four categories of ultrasound appearances of thyroglossal duct 
cysts have been described:50

1. Frankly cystic – anechoic with posterior acoustic 
enhancement.

2. Hypoechoic with internal debris.
3. Heterogeneous echo pattern, probably due to repeated 

infections or haemorrhage.
4. Uniformly echogenic ‘pseudosolid’ appearance, due to the 

proteinaceous content of the cyst secreted by the epithelial 
lining.

Most thyroglossal duct cysts are unilocular. They are intimately 
associated with the hyoid bone; this relationship is pathognomonic 
of a thyroglossal duct cyst, with the longitudinal midline image 
being the key view (Fig. 45.54B). The cysts may involve the pre-
epiglottic space by piercing the thyrohyoid membrane. Suprahyoid 
thyroglossal duct cysts tend to be midline, whereas infrahyoid  
cysts tend to be off the midline,51 and embedded in the strap muscles 
(Fig. 45.59).

All of these features may be demonstrated with ultrasound, and 
are useful for preoperative planning. The recommended surgery for 
thyroglossal duct cysts is the Sistrunk procedure in which the 
central portion of the hyoid bone is removed, as well as the cyst. 
Surgical removal is recommended following an episode of infec-
tion, as infection tends to recur.

Malignancy in a thyroglossal duct cyst is rare, the incidence being 
less than 1%. Papillary thyroid carcinoma is the most common 
malignancy and should be suspected if a solid element is noted 
within a thyroglossal duct cyst.

Laryngocele
Internal laryngoceles are fluid-filled structures deep to the false 
cords in the paraglottic space (Fig. 45.53). They may enlarge and 
protrude through the thyrohyoid membrane, presenting as a mass 
in the anterior neck which may contain gas or pus if infected. 
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Figure 45.62 Post-laryngectomy neopharynx. (A) Transverse and (B) longitudinal sonograms at the level of the suprasternal notch 
demonstrating a jejunal pull-up (arrows); the transverse image may mimic an abscess.

A B

Figure 45.61 Chondroid tumour of thyroid cartilage. Transverse sonogram at the level of the thyroid cartilages (o, thyroid cartilage); 
A: normal and B: a chondroid lesion – a focal expansion (callipers) of the left thyroid lamina, containing calcification.
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There are over 300 lymph nodes in a normal neck.1 They may be 
involved with metastases, lymphoma and infection; or they may 
simply enlarge as a reaction to local inflammation – reactive 
hyperplasia.

Most of these nodes lie no more than 2–3 cm below the skin, and 
are easily visualised with high-frequency linear transducers  
(7–17 MHz). Advanced probe technology now gives spatial  
resolution of 0.25 mm axially and laterally, which is far  
superior to computed tomography (CT) and magnetic resonance 
imaging (MRI).

A sound knowledge of the normal ultrasound appearances and 
distribution of lymph nodes in the head and neck is crucial if one 
is to recognise and diagnose pathological changes.

Rhian Rhys

STRUCTURE AND FUNCTION

It is useful to have an appreciation of the function and histology of 
normal nodes in order to understand their characteristic ultrasound 
appearances. Normal lymph nodes are flat, bean-shaped structures, 
0.25–1 cm long, composed of an outer capsule, a peripheral cortex 
and a central medulla. The medulla is continuous with a small 
peripheral indentation – the hilum (Fig. 46.1).

The cortex consists of closely packed lymphoid follicles, which, 
when stimulated, develop foci of lymphopoiesis – the germinal 
centres. The medulla is composed of lymphatic sinuses, blood 
vessels and connective tissue. Multiple converging sinuses in the 
medulla form the hilum. A capsule of supporting reticular frame-
work encircles the node, which maintains its shape; the lymphatic 
sinuses are simply channels within this framework, radiating from 
the cortex to the medulla.

Lymph enters the periphery of the node via multiple afferent 
lymphatic vessels and passes into the peripheral subcapsular sinus, 
which surrounds the node; it then passes through the radiating 
cortical sinuses into the medulla, leaving the node by a single effer-
ent vessel at the hilum.2 The main arteries and veins also enter and 
leave the lymph node at the hilum and spread in bundles of arteri-
oles and venules, coursing along the longitudinal axis of the node 
in the medulla. The relatively avascular cortex is fed from the 
central medullary vessels.3

The ultrasound appearance of a normal node may thus be 
explained: the densely cellular peripheral zone appearing as the 
hypoechoic cortex; the parallel arrangement of the medullary 
sinuses acting as multiple specular reflectors, producing a hypere-
choic structure termed the hilum. The hyperechoic hilum was origi-
nally thought to be due to fat;4 however, more recent sonographic 
and histological correlation has confirmed that the convergence of 
the lymphatic sinuses is responsible for the echogenic hilum.5

The normal response of a lymph node to an antigenic stimulus 
results in an increase in its size and vascularity. Within the cortex, 
lymphoid follicles increase in number and develop germinal 
centres; within the medullary cords (which are the main site of 
antibody production), plasma cells increase in numbers. These 
changes are accompanied by a marked capillary redistribution in 
the cortex of the node, resulting in this normally rather avascular 
region becoming uniformly vascular.3

LYMPHATIC CIRCULATION

All the lymph ducts contain smooth muscle in their walls;6 lymph 
is propelled forcefully towards the heart, via the thoracic duct on 
the left and the lymphatic duct on the right, which empty into the 
subclavian veins. Flow is directed via a series of bicuspid valves. 
These valves may become damaged by infection, malignancy or 
surgery, causing retrograde flow or shunting. This is an important 
point to bear in mind in the management of a neck mass that is 
suspected to be a malignant node. Surgical removal of the node in 
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nodes are included, e.g. parotid and buccal nodes) (Fig. 46.2B). Most 
surgeons and oncologists use this classification, and radiologists 
should become familiar with it. It is important that all members of 
the multidisciplinary team use the same system, as this simplifies 
accurate staging and management decisions. Som devised a clas-
sification based on CT and MRI;9 this is compatible with the AJCC 
classification system. Som’s classification system can be adapted for 
use in ultrasound (Table 46.1), with the addition of the parotid and 
buccal nodes and with the exception of the superior mediastinal 
and retropharyngeal nodes, which are inaccessible by ultrasound.

ULTRASOUND OF THE NECK NODES IN 
SEVEN SWEEPS

A comprehensive technique for assessing neck nodes with ultra-
sound using a combination of the AJCC level nomenclature and 
anatomical descriptions is described below (see also Fig. 45.2, 
Chapter 45). This scanning technique is the same as that described 

Figure 46.1 Diagram of lymph node 
structure (A) (modified from Evans1) 
with histological (B) and ultrasound 
(C) correlation. (With thanks to 
Dr J. Shannon for image B.)
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isolation, for a diagnosis, should be avoided, due to the possibility 
of causing ipsilateral or contralateral shunting. Optimal manage-
ment of these cases consists of an ultrasound-guided fine-needle 
aspiration (FNA) to confirm malignancy and further cross-sectional 
imaging with CT, MRI or positron emission tomography (PET), 
with panendoscopy and biopsies to identify a primary tumour. The 
metastatic node is then treated in continuity with the remainder of 
the neck nodes and the primary tumour, either surgically or with 
chemo-radiotherapy.

CLASSIFICATION OF CERVICAL  
LYMPH NODES

Many classification systems have been devised for the cervical 
lymph nodes, all of which are based on Rouviere’s7 original work 
in 1938 (Fig. 46.2A).

The most widely accepted is the clinically based American Joint 
Committee on Cancer (AJCC) level classification8 (although not all 
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in Chapter 45 (‘Ultrasound of the neck’), with a series of seven 
sweeps, starting in the submental region and finishing in the ante-
rior neck. The same sequence is repeated on both sides of the neck 
and the examination should take no longer than 10–15 minutes. For 
the purpose of this chapter, the relevant lymph nodes will be 
described for each region in relation to key anatomical structures.

1. Submental nodes (Level Ia)

With the neck extended and the chin elevated, the submental area 
is scanned from the tip of the chin down to the hyoid bone. The 
submental nodes (Ia) are located superficially, in the midline, 
between the anterior bellies of digastric, in the submental triangle 
(Fig. 46.3). These nodes may appear round. They drain the chin, 
lips, cheeks, floor of the mouth and the anterior tongue. Lymph 
drains from these nodes to the submandibular nodes and the upper 
deep cervical chain.

2. Submandibular nodes (Level Ib)

Turn the head to the opposite side to that being examined and 
sweep the transducer from the chin back to the angle of the  
mandible. The key structure to identify in this region is the sub-
mandibular gland, wrapped around the free posterior border of 
mylohyoid. The submandibular nodes (Ib) are clustered anterior 
and superior to the submandibular gland (Fig. 46.4). Anteriorly, the 
nodes are found in a small, fat-filled space, anterior to the sub-
mandibular gland and lateral to the anterior belly of digastric, in 

Management of a malignant neck node and occult primary tumour

Neck mass
? node

US + USFNA
(to confirm malignancy)

Panendoscopy
+ biopsies

Excision of the node to obtain a diagnosis should be avoided.

Management of a presumed nodal neck mass

CT/MR/PET

Treatment

Figure 46.2 Classification. Comparison of (A) Rouviere’s description of the lymphatic drainage of the head and neck (modified from 
Rouviere7) and (B) The American Joint Committee on Cancer (AJCC) level classification (modified from Greene and Compton8). 1, Occipital 
nodes. 2, Mastoid nodes. 3, Parotid nodes. 4, Spinal accessory lymphatic chain. 5, Transverse cervical lymphatic chain. 6, Anterior jugular 
lymphatic chain. 7, Internal jugular lymphatic chain. 8, Submaxillary lymphatic chain. 9, Submental nodes. 10, Facial node.
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Table 46.1 Adaptation for ultrasound of Som’s9 imaging-based classification of neck nodes for ultrasound

Level Name of region Location of nodes Ultrasound Scan Plane

I Submental (Ia)
Submandibular (Ib)

• Above hyoid bone,
• Superficial to mylohyoid muscle
• Anterior to submandibular gland

Ia Between anterior bellies of digastric
Ib Lateral to anterior belly digastric, anterior to 

submandibular gland

Transverse
Longitudinal

II Jugulodigastric node &
Upper deep cervical chain

• From skull base to level of lower body of hyoid bone (or 
carotid bifurcation)

• JDG posterior to submandibular gland
• II-IV anterior to posterior margin of sternomastoid muscle

IIa Inseparable from internal jugular vein, anterior, posterior, 
medial or lateral

IIb Posterior to internal jugular vein, with intervening fat 
plane

Transverse

_ Parotid
Buccal

Within the parotid fascia
Adjacent to angle of mouth, on buccinator

Transverse
Longitudinal

III Mid deep cervical chain • From level of hyoid to lower cricoid cartilage (or omohyoid 
crossing vessels)

• Anterior to posterior margin of sternomastoid muscle

Transverse

IV Lower deep cervical chain • From level of lower cricoid cartilage to level of clavicle
• Lateral to carotid arteries

Transverse

V Transverse cervical & 
Posterior triangle chain

At or caudal to level of clavicle
• Skull base to supraclavicular fossa
• Posterior to posterior margin of sternomastoid muscle
• Anterior to anterior margin of trapezius muscle

Transverse
Transverse

VI Anterior cervical • From level of lower hyoid bone to sternal notch
• Between carotid arteries

Transverse

Figure 46.3 Submental ultrasound images: transverse (A) and longitudinal (B). A Level Ia submental node (broadred red arrows) 
between anterior bellies of digastric (dg). mh, mylohyoid (arrowheads); gh, geniohyoid; m, mandible; p, platysma (thin arrows).

A B

p p

dg

dg

gh
gh

m

ghmh

the submandibular triangle, often tucked up under the body of the 
mandible, and can be visualised with the scan plane parallel to the 
body of the mandible, angling the probe superiorly. These nodes 
are often better demonstrated in longitudinal section. Superiorly, 
the nodes are clustered around the facial artery, which can be felt 
pulsating as it crosses the body of the mandible.

The submandibular nodes drain the floor of mouth, anterior oral 
cavity and anterior face. Lymph drains from these nodes to the deep 
cervical chain.

There are no lymph nodes within the submandibular gland 
(unlike the parotid gland), due to early embryological 
encapsulation.
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The parotid nodes drain the skin of lateral forehead, temple and 
external auditory meatus, together with the eustachian tube,  
posterior cheek, gums and buccal mucosa. Lymph drains from the 
parotid nodes to the deep cervical chain.

After examining the parotid region, the transducer is swept ante-
riorly, in the transverse plane, following the masseter muscle onto 
the buccinator muscle, which can be identified by asking the patient 
to puff their cheeks out. The buccal nodes, if present, are tiny nodes 
in the buccal fat space, superficial to buccinator, and adjacent to the 
facial artery (Fig. 46.6).

The buccal nodes drain the facial skin, from the upper eyelid  
to the upper lip and lymph drains from them to the submandibular 
nodes.

The most common tumours to involve the parotid and buccal 
nodes are squamous cell carcinomas of the scalp and malignant 
melanomas.10

4. Deep cervical/internal jugular chain 
(Levels II, III and IV)

This region is examined by sweeping the probe transversely from 
the angle of the mandible to the medial clavicle. The deep cervical 
chain, or internal jugular chain, is the main lymphatic drainage 
pathway of the neck, extending from the skull base to the supracla-
vicular fossa. The most superior node in this chain, the jugulodi-
gastric node, is the largest node in the neck, often measuring up to 
4 cm in length in healthy young teenagers. It is the ‘sentinel node’ 
of head and neck malignancy.

This chain, which follows the course of the internal jugular vein, 
is divided into upper, mid and lower regions, corresponding to 
Levels II, III and IV of the AJCC classification. The anatomical 
boundaries for each level are:

n Level II: skull base to the hyoid bone
n Level III: hyoid bone to the cricoid cartilage
n Level IV: cricoid cartilage to the clavicle.

For ultrasound purposes, as the hyoid bone and cricoid cartilage 
are awkward to demonstrate whilst scanning the laterally-placed 
deep cervical chain, the convenient landmarks are:

n Level II: posterior belly of digastric to the carotid 
bifurcation

n Level III: carotid bifurcation to where omohyoid crosses 
the great vessels

n Level IV: omohyoid to the clavicle.

3. Parotid and buccal region nodes  
(no numbered level)

The key landmarks are the mastoid tip posteriorly and the mandi-
ble anteriorly. The parotid gland is located between these two bony 
structures and can be seen by placing the transducer transversely, 
immediately beneath the tragus, resting on the ramus of the man-
dible. Late embryological encapsulation of the parotid gland allows 
the formation of an extensive lymphatic network within and around 
the gland. Up to 20 lymph nodes may be found in the parotid space 
and these may be within the gland or external to it. Intraglandular 
lymph nodes are situated deep within the parotid, around the ret-
romandibular vein and the external carotid artery. Subcapsular 
nodes are found in the subcapsular region of the gland, commonly 
in the pre-tragal region anteriorly, and the tail of parotid gland 
posteriorly (Fig. 46.5). Extraparotid nodes may be seen in the tissues 
anterior to the tragus of the ear.

Figure 46.4 Anterior submandibular region: transverse (A) and longitudinal (B) ultrasound images. A Level Ib node (red arrows) lying 
lateral to the anterior belly of digastric and anterior to the submandibular gland. dg, anterior belly of digastric; mh, mylohyoid (arrowheads); 
hg, hyoglossus (arrowhead); m, mandible.
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smg
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Figure 46.5 Transverse ultrasound image of the parotid 
gland. Parotid node (arrow) in the subcapsular region of the 
superficial lobe of the parotid. p, parotid.

p
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around the jugular vein, lying between 9 o’clock and 6 o’clock in 
the lower deep cervical chain. The mirror image is seen on the left 
(Fig. 46.8). Level II nodes are further subdivided – those that are 
inseparable from the internal jugular vein are termed IIa, and those 
that lie posterior to the internal jugular vein but separated from it 
by a fat plane are termed IIb.

The nodes of the deep cervical chain lie deep to sternomastoid, 
merging with the posterior triangle chain of nodes superiorly, and 
the transverse cervical chain inferiorly.

In the mid-cervical region, the omohyoid muscle crosses the deep 
cervical chain obliquely, demarcating Levels III from IV; this is also 
a surgical landmark for selective neck dissections. Take care not to 
mistake the muscle for a small lymph node (Fig. 46.9).

The deep cervical chain is the common final pathway for lym-
phatic drainage of the neck, draining submental, submandibular, 
parotid and retropharyngeal nodes. The deep cervical nodes  
drain to the thoracic duct on the left and the lymphatic duct on  
the right.

Examination of this region begins by identifying the jugulodi-
gastric node, which will be visible in virtually all patients. The 
transducer is placed transversely below the angle of the mandible; 
the jugulodigastric node lies immediately behind the submandibu-
lar gland (Fig. 46.7). It lies obliquely along the posterior belly of the 
digastric, and the probe is angled along the muscle to visualise the 
jugulodigastric node in longitudinal section. The internal jugular 
vein is the key structure in the examination of the deep cervical 
chain and it should be kept in the centre of the field of view whilst 
sweeping down the chain with the probe in the transverse position. 
Care must be taken to exert the lightest of pressure with the trans-
ducer so that the vein is not obliterated; occasional light pressure 
with the transducer on the internal jugular vein can be used to 
check compressibility and confirm its patency. If the patient is  
being scanned whilst sitting up, the internal jugular vein will be 
collapsed; its patency may be confirmed with the Valsalva 
manoeuvre.

In the upper deep cervical chain (Level II) on the right, nodes will 
be clustered around the vein from the 10 o’clock to 2 o’clock posi-
tion. As the transducer is moved inferiorly, the nodes rotate laterally 

Figure 46.6 Buccal node. Transverse ultrasound image (A) and T1-weighted MRI image (B) for correlation. The buccal or facial node 
(red arrow) lies anterior to masseter (ma), adjacent to the facial artery in the buccal fat space (thin arrow). m, mandible (arrowheads);  
b, buccinator.

ma

m

A B
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b
m

Figure 46.7 Transverse ultrasound image of the 
jugulodigastric node (arrows), lying posterior to the 
submandibular gland (smg), and superficial to the external carotid 
artery branches (*). Note that this position is identical to that of a 
branchial cleft cyst.

* *

smg

Figure 46.8 Transverse ultrasound image of a left Level III 
node (red arrows), deep to sternomastoid (sm) in the 3 o’clock 
position. Thick arrowhead indicates vagus nerve; o, oesophagus;  
v, vertebral body; th, thyroid; *, common carotid artery;  
oh, omohyoid.

sm

th
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v
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nodes are defined as those lying posterior to the posterior border 
of sternomastoid (Table 46.1); those deep to sternomastoid are in 
the deep cervical chain (Levels II to IV). The lymph nodes lie along 
the axis of the spinal accessory nerve (XI). The posterior triangle is 
subdivided into Va and Vb by the omohyoid muscle (see Fig. 45.2, 
Chapter 45).

The posterior triangle chain nodes drain the skin in the occipital 
and mastoid areas, the posterior scalp, the lateral neck and the 
postnasal space. They join with the deep cervical chain superiorly 
and the transverse cervical chain inferiorly. Lymph drains from the 
posterior triangle chain to the transverse cervical chain.

7. Anterior cervical nodes (Level VI)

This group of lymph nodes is scanned in the transverse plane using 
a series of longitudinal midline sweeps from the hyoid down to the 
sternal notch. There are three subgroups of nodes within this group, 
the prelaryngeal, pretracheal and paratracheal nodes (Fig. 46.11).
Note that Level VI nodes lie medial to the carotid artery; nodes 
lateral to the carotid artery lie in the deep cervical chain.

Figure 46.9 Omohyoid muscle. Transverse ultrasound image (A) of the right omohyoid muscle (arrow), demonstrating how it may 
mimic a lymph node, as it crosses the vessels, on a transverse image; this may be resolved by imaging longitudinally (B) (arrows). 
*, carotid artery; st, sternomastoid.

* *

st

st

5. Supraclavicular fossa/transverse  
cervical chain (Level V)

The transverse cervical chain of nodes joins the deep cervical and 
posterior triangle chains and lies superior to the subclavian vein; 
this chain is considered part of the posterior triangle chain (V) in 
the current AJCC classification. The clavicle is the key structure in 
this region. Scanning is carried out with the transducer positioned 
transversely along the superior margin of the clavicle with slight 
inferior angulation of the probe as it is moved from the medial 
end to the lateral end of the clavicle. Troisier’s sign is the finding 
of a palpable left supraclavicular lymph node (Virchow’s node); it 
is a sign of metastases from an upper gastrointestinal malignancy.

6. Posterior triangle (Level V)

The posterior triangle is a very superficial, fat-filled space, bordered 
by sternomastoid anteriorly, trapezius posteriorly and the clavicle 
inferiorly. The floor of the triangle is composed of muscles – scale-
nus anterior, medius and posterior and levator scapulae. The nodes 
lie in the slender, echogenic, fat stripe superficial to this carpet of 
muscles (Fig. 46.10). This region is scanned with the transducer 
positioned transversely on the mastoid process. The transducer is 
moved inferiorly along the posterior margin of sternomastoid to the 
acromioclavicular joint and the anterior border of trapezius.

Normal posterior triangle nodes are easily palpable on the surface 
of the muscles, and are often discovered incidentally by the patient, 
as they lie no more than 1–2 cm beneath the skin. Posterior triangle 

Figure 46.10 Transverse ultrasound image of the right 
posterior triangle. There is a tiny elongated lymph node (arrows) 
in the superficial fat stripe (***) anterior to trapezius (tz) and posterior 
to sternomastoid. Small nodes are easily palpable in this site, as 
they lie on the transverse processes (tp). ls, levator scapula.

tp

tz *
* * *

ls

Scanning the deep cervical chain (Levels II, III and IV)

• Jugulodigastric node lies obliquely along posterior belly of 
digastric.

• Deep cervical chain (Levels II-IV) deep to sternomastoid, lateral 
to carotid artery.

• Keep internal jugular vein in middle field of view, apply intermittent 
pressure.

• Do not mistake the omohyoid muscle for a lymph node.
• Paratracheal chain (Level IV) medial to carotid artery.
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reactive nodes. Whilst the size of a node is of limited value in dif-
ferentiating benign from malignant nodes, size is important in the 
TNM staging of nodal disease: <3 cm being N1, 3–6 cm N2 and 
>6 cm N3.8 A normal node is bean-shaped and it is not uncommon 
to find jugulodigastric nodes up to 4 cm long in normal healthy 
teenagers. When measuring nodes it is important to measure their 
short axis or transverse diameter, rather than the longitudinal 
diameter.

Practically, most nodes in the neck are assessed on transverse 
images (except the submandibular and submental nodes); in this 
plane, it is possible to measure the short axis as either the maximum 
axial diameter or minimum axial diameter (Fig. 46.13). There are 
proponents for both measurements.11,12

Van den Brekel13 assessed the sensitivity and specificity of a range 
of cut-off measurements for minimum axial diameters, in different 
populations. He concluded that in patients with a known head and 

Prelaryngeal and pretracheal nodes
These nodes are superficially located. The prelaryngeal chain is in 
the midline, with the delphian node lying anterior to the cricoid 
cartilage. If this node is enlarged, it is an indicator of subglottic 
involvement in carcinoma of the larynx. The pretracheal nodes 
follow the course of the anterior jugular veins bilaterally. The prela-
ryngeal and pretracheal nodes drain the skin and muscles of the 
anterior neck and the thyroid gland. They drain lymph into  
the thoracic duct on the left and the low deep cervical chain on  
the right.

Paratracheal nodes
The paratracheal nodes lie more deeply and more laterally in the 
tracheo-oesophageal groove. They lie posterior to the thyroid and 
can be very difficult to image with ultrasound. If enlarged they may 
mimic a parathyroid adenoma (Fig. 46.12). The paratracheal nodes 
drain the larynx, pyriform fossae, the thyroid and the oesophagus. 
Lymph drains to the thoracic duct on the left and the lower deep 
cervical chain on the right.

Mastoid (retroauricular) and  
occipital nodes

These superficial nodes are not routinely examined in the seven 
sweeps described above; however, they should be specifically 
examined in cases of scalp malignancy.

SIGNS USED TO ASSESS FOR 
MALIGNANCY

Several features may be used to try and discriminate between 
benign and malignant nodes; these should be used in combination, 
as none is of itself diagnostic. The main features to be considered 
are size, shape, echotexture, the appearance of the cortex and hilum, 
the presence of necrosis, the appearances of the nodal margin, the 
architecture of the vessels in the node and the location of the 
enlarged nodes.

Size

Size is of limited value when assessing lymph nodes for malig-
nancy; although malignant nodes may be large, so may benign, 

Figure 46.11 Level VI (anterior neck) nodes. The prelaryngeal and pretracheal nodes in the midline, and the deeper, laterally placed 
paratracheal nodes.
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Longus coli

Vertebra
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pretracteal nodes

Paratracheal
nodes

Axial Longitudinal

Figure 46.12 Transverse ultrasound image of a Level VI 
paratracheal node (arrows, callipers). A node at this site may 
mimic a parathyroid adenoma. th, thyroid; v, vertebral body 
(arrowheads); *, carotid artery; t, trachea; lc, longus colli muscles.
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predicting malignancy, achieving 80% accuracy in an N0 popula-
tion, using shape as the sole criterion.

In practice, the shape of a node is easily evaluated, without 
resorting to measuring ratios; ultrasound has a unique advantage 
in this respect, as the scan plane may easily be rotated along both 
the long and short axis of a node. The caveat to this sign is that 
normal submental and submandibular nodes (Levels Ia, Ib) are 
often round, which should be considered when using this criterion 
to evaluate nodes in these regions. Lymphomatous nodes also tend 
to be round.18

Echotexture

The cortex of a normal node is uniformly hypoechoic when com-
pared with the adjacent muscle; this feature is ascribed to its high 
cellular content of tightly-packed lymphoid follicles.

Lymphomatous nodes have been noted to be markedly hypoe-
choic, almost of fluid density with posterior acoustic enhancement 
(Fig. 46.15), leading to the term ‘pseudocystic’.19,20 This sign was 
ascribed to the increased volume of densely packed lymph follicles. 
With the new generation of high-resolution probes, this pseudo-
cystic appearance is less frequently encountered. The internal archi-
tecture of the lymphomatous node may now be resolved, showing 
a reticulated or micronodular appearance, in many cases individual 
lymphoid follicles may be discerned (Fig. 46.16).21 This appearance 
has been shown to correlate precisely with the hypertrophied fol-
licles in the cortex and medulla,5 This appearance holds true for 
both Hodgkin’s and non-Hodgkin’s lymphoma. As high-resolution 
probes are now widely available, these are important features to 
note and should prompt a core biopsy, rather than a fine-needle 
aspiration, for confirmation of the diagnosis.

Squamous cell cancer (SCC) metastases tend to be hypoechoic 
but may have a heterogeneous appearance, depending on the type 
of necrosis within the node (see below).

Papillary carcinoma of the thyroid metastases are usually homo-
geneously hyperechoic.22 They may also contain punctate (less than 
2 mm) foci of calcification (Fig. 46.17), identical to those seen in the 
primary thyroid tumour, which with high-resolution probes, may 
show posterior acoustic shadowing. These calcific foci correlate 
precisely with the presence of psammoma bodies; histologically, 
these are laminated calcific spherical bodies.

A solitary neck node may be the presenting feature of a papillary 
carcinoma of the thyroid. Such nodes will characteristically be 

Figure 46.13 The deep cervical nodes are aligned parallel to 
the great vessels. When measuring nodes, the transverse diameter 
(short axis) should be measured, either the maximum axial or  
the minimum axial diameter.

Maximum axial diameter

Minimum axial 
diameter

Longitudinal diameter

Transverse image

Longitudinal image

Figure 46.14 Transverse ultrasound image of two Level Ib 
nodes. The metastatic node (arrows) is round with no hilum, 
adjacent to a normal oval node, which has a hilum.

neck carcinoma and a clinically N0 neck, 7 mm minimum axial 
diameter was a practical cut-off for jugulodigastric nodes, and 
6 mm minimum axial diameter for the remaining neck nodes. In 
patients with palpable metastases (N+), these criteria were 1–2 mm 
larger, i.e. 8–9 mm for the jugulodigastric node and 7–8 mm for the 
remaining neck nodes.

Nodes larger than these measurements should be considered 
suggestive of metastasis. Obviously, decreasing the cut-off size will 
increase sensitivity, but at the cost of decreased specificity. It has 
been estimated that it takes 1 billion malignant cells to create a mass 
of 1 mm3.14 Serial monitoring of nodal size is useful in assessing 
response to therapy.15

Shape

The shape of a lymph node is a much more reliable criterion for 
prediction of malignancy. A normal lymph node has a flat, bean 
shape. When it undergoes reactive hyperplasia, lymphopoiesis 
occurs, germinal centres are formed in the cortical lymphoid folli-
cles and the number of lymphocytes in the paracortex increases. The 
diffuse nature of this process causes a global increase in nodal size, 
which tends to preserve the shape.

In metastatic disease, the processes are different – the node is 
focally infiltrated with malignant cells and the change in shape is 
not uniform. Whilst benign nodes are oval, metastatic nodes tend 
to be round (Fig. 46.14).

If nodal shape is expressed as a ratio of the long and short axes 
(L/S) then an L/S ratio of more than 2 indicates an oval shape, 
characteristic of a benign node, whereas a malignant node will have 
an L/S ratio of less than 2, indicating a round shape. This ratio was 
first described by Solbiati11 and its value later confirmed by Vas-
sallo,16 who found that 85% of benign nodes had an L/S ratio of 
more than 2 (i.e. oval), and 85% of malignant nodes had an L/S 
ratio of less than 2 (i.e. round). Takashima17 subsequently described 
the ratio of minimal axial diameter to maximal axial diameter, 
finding that a ratio of more than 0.55 (round) was a valid sign for 
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Figure 46.16 Sonogram of a lymphomatous node. The internal 
echotexture is reticulated, the node is round and the hilum 
(arrowheads) is retained. An individual lymphoid follicle is visible 
(arrow).

Figure 46.17 Sonogram of a metastatic node from a papillary 
carcinoma of the thyroid. The node contains pathognomonic flecks 
of microcalcification (arrows).

Figure 46.18 Sonogram of a suppurative node. The node is ill 
defined and echogenic (red arrows); applying gentle pressure with 
the probe causes the echogenic contents to swirl, confirming the 
presence of pus. The pus has burst through platysma and is 
presenting on the skin surface (thick arrows).

Figure 46.15 Transverse sonogram of a lymphomatous node. 
It is markedly hypoechoic, with posterior acoustic enhancement 
(arrows); the node is round, with an absent hilum.

hyperechoic with punctate calcification; however, they may occa-
sionally be entirely cystic (see below – ‘Necrosis’). In both instances, 
a thorough examination of the thyroid is indicated.

Medullary carcinoma of the thyroid metastases also contain 
bright, punctate calcification, said to be slightly coarser than those 
in papillary carcinoma; histologically these are due to focal deposits 
of calcium surrounded by amyloid.23 If a medullary carcinoma of 
the thyroid is suspected, the parathyroids should be reviewed for 

possible parathyroid adenomas, as these are an associated finding 
in MEN II (Sipple’s syndrome).

Suppurative nodes are frequently markedly echogenic due to 
thick pus within them (Fig. 46.18). Bouncing the probe on the nodes, 
or the application of power Doppler, will show movement of the 
echogenic contents.

Old tuberculous nodes occasionally contain macrocalcification. 
In practice, this is easily distinguished from the microcalcification 
seen in papillary carcinoma of the thyroid.
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axial diameter) tend not to have a discernible hilum; therefore in 
small nodes this sign is not a good predictor of malignancy.26

The hilum is usually absent in lymphomatous and tuberculous 
nodes. However, a hilum may remain visible, depending on the 
degree of distortion. Whilst preservation of the hilum is typically a 
feature of normal and reactive nodes, it should not be used as the 
sole criterion in differentiating benign from malignant nodes.

Necrosis

Necrosis may be of two types: cystic or coagulation necrosis, cystic 
necrosis being more common. Both may coexist in the same node 
and imply that there will be a poor response to radiotherapy, as the 
presence of necrosis indicates hypoxia.

Cystic necrosis is a highly sensitive sign of a squamous cell car-
cinoma metastasis in patients with head and neck cancer.27 Squa-
mous cell carcinoma metastases will show necrosis in virtually all 
nodes larger than 3 cm in greatest diameter; finding a large, non-
necrotic node should therefore prompt consideration of another 
diagnosis such as lymphoma. Cystic necrosis appears as ill-defined, 
anechoic foci within a node (Fig. 46.21). The necrosis may be focal 
or occasionally the whole node may become cystic; this is most 
frequently seen in the jugulodigastric node. In patients with no 
known primary tumour the appearance of a cystic metastasis in the 
jugulodigastric node is identical to that of a branchial cleft cyst. This 
is a common pitfall (see Chapter 45) and the diagnosis of a branchial 
cleft cyst in a patient more than 30 years old should be made with 
care as cystic necrosis in metastases from a squamous cell carcinoma 
or a papillary carcinoma of the thyroid are common mimics. It is 
sensible to obtain cytology from these cystic lesions and to suggest 
a thorough ear, nose and throat examination for a possible primary 
head and neck tumour.

Cystic necrosis is also seen frequently in tuberculous nodes.20,28,29

Coagulative necrosis is less common than cystic necrosis. This 
type of necrosis appears as ill-defined, hyperechoic foci (Fig. 46.22). 
It is thought to represent fibrotic change. Coagulative necrosis 
should not be confused with the normal hilum; it is less echogenic 
than the hilum and the surrounding fat, and, unlike the hilum, is 
not continuous with the surrounding fat.5

Following radiotherapy, nodes typically return to their normal 
size and shape approximately one year after treatment. The echo-
genic hilum also reverts to normal; however, the nodes tend to 
remain slightly more echogenic than normal nodes (Fig. 46.19); this 
finding is ascribed to fibrosis.24 Post-treatment nodes (radiotherapy 
or chemotherapy) may also contain foci of macrocalcification.25

Cortex and hilum

It is useful to consider these two features together, as changes in 
one tend to cause reciprocal changes in the other.

An echogenic hilum is a normal sonographic feature of a lymph 
node; benign nodes tend to show this feature whereas malignant 
nodes often do not. All nodes demonstrating a hilum in Rubaltelli’s5 
study, which correlated sonographic and histological findings, 
were benign.

Early disease, be it infection or malignancy, tends to affect the 
cortex initially, and later disease the hilum. Both infective and 
malignant disease reach the node at its periphery via multiple affer-
ent lymphatics, which then drain into the subcapsular lymphatic 
channels encircling the node.

Reactive nodal disease induces a simultaneous increase in the 
germinal centres within the cortex, resulting in diffuse cortical wid-
ening. Malignant disease, on the other hand, causes a focal distor-
tion in architecture, with blockage of lymphatic channels, leading 
to eccentric cortical widening (Fig. 46.20). Focal doubling of cortical 
width has been shown to be a valuable sign of malignancy; in one 
study, all nodes showing this feature were malignant.16

Continued antigenic stimulation of the node by infection stimu-
lates the formation of additional, new germinal centres in the hilum; 
resulting in widening of the hilum.

The echogenic hilum may be preserved in early malignant disease 
if the medullary sinuses have not been sufficiently disrupted. 
However, continued malignant infiltration of the node will destroy 
the hilum and as malignant nodes increase in size, the likelihood of 
finding an echogenic hilum decreases. Ninety per cent of normal 
nodes larger than 5 mm (maximum axial diameter) will have a 
hilum,26 and the absence of a hilum in larger nodes is therefore 
highly suspicious for malignancy. Nodes less than 5 mm (maximum 

Figure 46.19 Power Doppler image of a metastatic node 
3 months post treatment with radio- and chemotherapy (arrows). 
The node is uniformly echogenic, avascular and has no hilum.

Figure 46.20 Sonogram of a node (arrows) with a small focus 
of eccentric cortical widening (callipers) – this node was malignant 
on FNA.
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If performing an FNA from a node containing cystic necrosis, the 
sample should be obtained from the solid portion of the node, as 
this is more likely to contain viable malignant cells. If tuberculosis 
is suspected, the cystic portion should be aspirated and sent for 
cytology as well as microbiology. Estimation of thyroglobulin levels 
in the nodal aspirate may also be useful to identify metastases from 
papillary carcinoma of the thyroid.30

Figure 46.21 Longitudinal sonogram of a metastatic SCC 
node demonstrating a focus of central necrosis (arrow). ijv, internal 
jugular vein.

ijv

Figure 46.22 Transverse sonogram of a metastatic right 
Level III node demonstrating coagulative necrosis (red arrows). 
The necrosis is ill defined and hyperechoic, and is not continuous 
with the fat surrounding the node, unlike a hilum. Short arrow 
indicates vagus nerve; *, carotid artery; ijv, internal jugular vein.

*

ijv

Figure 46.23 Transverse sonogram of metastatic Level III 
nodes demonstrating extracapsular spread. The margins of the 
node are irregular and ill defined (arrows). Extracapsular spread 
indicates a 50% decrease in overall survival. *, carotid artery;  
ijv, internal jugular vein.

ijv

*

Margins of the node

The outline of a normal node is smooth and slightly indistinct with 
respect to the surrounding fat.31

Malignant nodes, both metastatic and lymphomatous, tend to 
have sharp borders, thought to be due to tumour cells replacing 
lymphoid cells, resulting in a higher difference in acoustic imped-
ance between the node and surrounding fatty tissues. Whilst the 
margin of a node does not help in differentiating absolutely between 
benign and malignant nodes, if a known metastatic node has  
ill-defined, spiculated margins, this implies extracapsular spread 
(Fig. 46.23), which is a grave prognostic sign for the patient, reduc-
ing the 2-year survival by 50%.32

Tumour may infiltrate adjacent muscle, skin and vessels. When 
a venous thrombosis occurs in association with metastatic nodes, 
the ‘thrombus’ should be examined for vascularity, as this indicates 
intravenous tumour rather than simple thrombus. Demonstration 
of invasion or involvement of the internal jugular vein and carotid 
artery by tumour is valuable preoperative information.

Acute suppurative bacterial lymphadenopathy is also ill-defined; 
however, the clinical presentation is different, with an acutely 
painful neck mass.

Tuberculous nodes demonstrate matting due to the associated 
perinodal inflammatory reaction (Fig. 46.24), which also causes 
oedema of the surrounding subcutaneous tissues and muscles.33 It 
should be noted that similar features of soft tissue oedema and 
matting of nodes are also encountered in cervical lymph nodes fol-
lowing radiotherapy.

Angioarchitecture

The main artery and vein of the node enter and exit the node via 
the hilum and run through the middle of the node, parallel to the 
longitudinal axis, giving multiple side branches to the cortex and 
capsule. Benign and reactive nodes show this hilar pattern of vas-
cularity on colour and power Doppler (Fig. 46.25).
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optimised for the detection of slow, small-volume flow velocities in 
small vessels. It is better if they are included in the programme 
presets, to enable a quick assessment of the vascular pattern of the 
node. The colour gain should be adjusted, until the first colour 
artefacts appear at a depth similar to the lymph node.35

The changes in vascularity described in malignant nodes all 
reflect the tissue distortion caused by tumour infiltration (Figs 46.26 
and 46.27). These changes include: focal perfusion defects, subcap-
sular vessels, aberrant vessels and displaced vessels. Focal per-
fusion defects and displaced vessels are caused by foci of necrosis 
within the node (Fig. 46.27A). Subcapsular vessels do not originate 
from the main central or hilar vessels (Fig. 46.27B). Aberrant vessels 
are defined as vessels having angles of more than 30° (usually near 
90°) with the long axis of the node (Fig. 46.27C).

Tuberculous infection of a node is a great mimic of malignancy 
as it disrupts the nodal architecture and vascularity in a similar 
manner to malignancy.18,28,29,36

In terms of their vascularity, lymphomatous nodes demonstrate 
an exaggerated normal appearance with a hilar pattern of blood 
flow; the flow is often quite dramatic, reflecting the fact that lym-
phoma tends to preserve the normal nodal architecture, with 
minimal distortion (Fig. 46.28).

Various authors have studied the vascular resistance parameters 
– pulsatility index (PI) and resistive index (RI) – of benign and 
malignant nodes. Malignant nodes tend to have higher intranodal 
vascular resistance than benign nodes.37 The resistive index and the 
pulsatility index are unrelated to the size of the nodes.26 The value 
of these measurements in everyday clinical practice is doubtful as 
the assessment of the pattern of flow is far more useful and, pro-
vided the parameters are correctly set, the colour or power Doppler 
should only add seconds to the examination.

Figure 46.24 Transverse sonogram of the right posterior 
triangle. The nodes are matted or clumped together (arrows); note 
also the surrounding soft tissue oedema – both these features are 
characteristic of tuberculosis. sm, sternomastoid; tp, transverse 
process C6; C6, nerve root of C6.

c6

sm

tp tp

Figure 46.25 Power Doppler sonogram demonstrating a 
normal hilar vascular pattern. The vessels enter and exit via the 
hilum and are distributed along the medulla of the node; the cortex 
is supplied via side branches from the central hilar vessels.

Figure 46.26 Patterns of abnormal vascularity (adapted from 
Tschammler et al.35). A: Subcapsular; B: aberrant; C: displaced 
vessels; D: focal perfusion defect.

A        B

C        D

The incidence of vascular signals detected within normal lymph 
nodes increases with the size of the nodes; 90% of nodes with a 
maximum axial diameter of more than 5 mm will show vascularity 
but nodes smaller than 5 mm may appear avascular.26

Colour or power Doppler may be used to assess nodal vascular-
ity. Power Doppler is preferred as it is more sensitive to low flow 
and is not affected by the direction of the flow, although there is a 
risk of increased false positive results.34 The parameters should be 

Vascular characteristics of lymph nodes

Benign nodes
• Central/hilar flow
• No peripheral flow
• Small nodes may be avascular

Malignant nodes
• Peripheral subcapsular flow (also in TB)
• Perfusion defects
• Aberrant vessels

Lymphoma
• Exaggerated hilar flow
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The distribution of lymphomatous nodes also seems to have a 
consistent pattern of submental, submandibular and upper deep 
cervical chain involvement.25 Although the nodal territories 
involved in lymphoma are similar to those from oral cavity carci-
noma metastases, these two conditions will have other distinguish-
ing features, for example the absence of nodal necrosis in 
lymphoma.

Papillary carcinoma of the thyroid characteristically metastasises 
to the upper deep cervical chain and anterior cervical chains.

Location

Cervical lymphadenopathy is a common presenting feature of met-
astatic disease, lymphoma and infection, including tuberculosis.

Metastases from head and neck cancers are often site-specific.38 
Oral cavity tumours tend to metastasise to the submental, sub-
mandibular and upper deep cervical chains, pharyngolaryngeal 
carcinomas to the deep cervical chains and nasopharyngeal cancer 
to the upper deep cervical chain and posterior triangle. Nodes in 
the supraclavicular fossa and lower posterior triangle (Level VI) 
point to infraclavicular primaries.

Figure 46.27 Doppler sonograms demonstrating a variety of abnormal vascular patterns in malignant nodes. A: Focal perfusion 
defect in a metastatic node with coagulative necrosis. B: Subcapsular vessels. C: Multiple aberrant vessels. D: Vastly increased and 
chaotic vascularity in a metastatic medullary carcinoma node.

A

C

B

D
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Cervical lymphadenopathy in association with multiple bilateral 
AIDS-related parotid cysts (ARPCs – see Chapter 45) suggests the 
diagnosis of HIV.

Sarcoidosis

Cervical lymphadenopathy may occur in association with sarcoido-
sis but the ultrasound features are non-specific, resembling reactive 
lymphadenopathy. Associated head and neck features of sarcoid 
include diffuse salivary gland enlargement with benign lymphoepi-
thelial lesions (see Chapter 45), uveitis and facial palsy (Heerfordt’s 
disease). If sarcoidosis is suspected, a core biopsy is recommended 
to demonstrate non-caseating granulomas.

BIOPSY TECHNIQUES

Palpation is known to be inaccurate in staging neck nodes.44 The 
role of ultrasound in the assessment of cervical lymphadenopathy 
is well established and ultrasound-guided fine-needle aspiration 
cytology (US FNAC) further increases the accuracy. In the only 
large study comparing all five modalities – palpation, CT, MR, 
ultrasound and US FNAC – for staging necks the accuracy of US 
FNAC was significantly better, at 93%, than all the other techniques, 
CT, MRI and ultrasound alone having similar levels of accuracy 
(75–82%), whereas palpation only achieved 69% accuracy.45

US FNAC is useful in staging the neck in two groups of patients: 
those with known neck metastases (N+) and those who are clini-
cally N0. In patients with apparently unilateral metastases particu-
lar attention should be paid to the contralateral side. Meticulous 
attention should also be paid to patients with limited neck disease, 
as there are a number of selective neck dissections that may be  
suitable for treatment, thereby decreasing the morbidity of the neck 
dissection.

US FNAC has the greatest impact in N0 necks – either by upstag-
ing to N+, which will require further treatment with either radio-
therapy or surgery, or by confirming the N0 status – enabling a 
watch-and-wait policy in selected cases such as a T1 oral cavity 
tumour.

The treatment of N0 necks is controversial. Most centres opt to 
treat the neck if the risk of metastases is more than 20%. It has been 
estimated that the risk of missing an occult metastasis with palpa-
tion is 41%, which decreases to 18% with US FNAC of the neck.46

All of the previously described signs help to discriminate between 
benign and malignant nodes; however, not one sign is absolute and 
the signs should be used collectively to decide whether to obtain 
cytology or histology for further assessment (Table 46.2). Obtaining 
cells or tissue is achieved by performing ultrasound-guided fine-
needle aspiration (FNA) for cytology, or a core biopsy for histology. 
The decision whether to do an FNA or a core biopsy depends on 
local cytological and histopathological expertise. If cytological 
expertise is available, the majority of head and neck nodal sam-
plings will be by FNA, as it is accurate, inexpensive and quick. 
Ultrasound-guided FNA approaches 100% specificity in head and 
neck cancer, as squamous cells are not normally found in lymph 
nodes. If repeated FNAs are negative, a core biopsy should be 
performed.

A core biopsy is more useful than FNA if lymphoma is suspected, 
as nodal architecture may be studied and flow cytometry per-
formed. In some centres, lymphoma may be diagnosed and typed 
from a core biopsy alone, without resorting to an open biopsy.

The selection of the nodes to be sampled is important. For 
tumours close to the midline, such as small tongue tumours, with 
a propensity for bilateral nodal involvement, consideration should 
be given to sampling nodes bilaterally. In patients with known 
nodal metastases on one side of the neck, consideration should be 
given to sampling nodes on the contralateral side to exclude bilat-
eral involvement with metastatic disease, the presence of which will 
have a significant effect on management.

Figure 46.28 Power Doppler sonogram demonstrating an 
exaggerated hilar vascular pattern in a lymphomatous node.

MISCELLANEOUS CONDITIONS 
INVOLVING LYMPH NODES

Kimura disease

This is a rare, chronic inflammatory disease which mimics a malig-
nancy. It is a benign entity with a good prognosis, occurring mainly 
in young men of Asian descent. The most common manifestation 
is of painless unilateral lymphadenopathy, or subcutaneous masses 
in the neck. Histologically the nodes are infiltrated with eosinophils, 
and peripheral eosinophilia is a consistent feature.39

On ultrasound, the nodes are round and hypoechoic, retaining 
their normal hila and the vascularity tends to retain a hilar  
pattern.40 The affected nodes are distributed in the submental, sub-
mandibular and upper deep cervical regions. The appearances of 
the salivary and subcutaneous lesions are varied – the nodules 
being predominantly solid and hypoechoic, although they may 
have a cystic component.

Kikuchi disease (histiocytic  
necrotising lymphadenitis)

This is an uncommon cause of lymphadenitis, which may present 
with or without systemic symptoms. It is prevalent in Asian coun-
tries, and is generally a self-limiting disease, the lymphadenopathy 
resolving in 1–6 months.41

Sonographically, the nodes are hypoechoic, homogeneous or het-
erogeneous, but surrounded by hyperechoic rims. The hilum of the 
node and a benign vascular pattern are retained.42 Clinically and 
histologically, Kikuchi disease may be mistaken for lymphoma and 
if it is suspected, a core biopsy should be performed.43

Human immunodeficiency virus (HIV)

Nodal enlargement due to HIV resembles reactive lymphadenopa-
thy with retention of normal morphology and vascularity. In a 
patient with known HIV, lymphoma and tuberculosis should be 
included in the differential diagnosis of cervical lymphadenopathy. 
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Biopsy technique for enlarged cervical lymph nodes

General principles
• Optimal hand–needle–screen positioning.
• Probe cover.
• Biopsy along long axis of probe.

FNA
• Either 5 mL syringe, connecting tube and 21FG needle, 2 mL of 

suction by assistant Or capillary action (for thyroid cytology or if 
no assistance available for suction).

• Bevel of the needle facing transducer.
• Rotation of the needle to obtain microcores.

Core biopsy
• Rehearse firing noise with patient prior to biopsy.
• Local anaesthetic and skin incision.
• Non-advancing cutting needle 16–18FG.
• Sampling notch facing transducer.
• Fresh samples for ?lymphoma or ?infection.

The aim of a FNA is to obtain microcores of tissue, which is 
achieved by small drilling movements of the needle within the 
lesion. It is also useful to alter the angle of the needle within the 
lesion with repeated passes.

Depending on local arrangements, the sample may be directly 
smeared onto slides in the ultrasound department, or it may be 
transported in fluid to the laboratory for later preparation by the 
cytologist. If the sample is heavily bloodstained, the aspiration 
should be repeated as it is less likely that there will be sufficient 
tumour cells available for assessment after preparation.

Core biopsy

Core biopsy of neck masses is a safe, well-established procedure 
with a high diagnostic yield.51 It is especially useful when repeated 
FNAs have been negative and when lymphoma is suspected. It is 
also useful for biopsy of thyroid lesions, as fine-needle aspiration 
specimens from the thyroid are often heavily contaminated with 
red blood cells.

The procedure requires local anaesthetic and a small skin inci-
sion. A spring-loaded biopsy needle is usually used and it is worth 
demonstrating the noise of the device being activated to the patient 
prior to the biopsy, as most head and neck biopsies occur very close 
to the ear. The principles of obtaining a successful core biopsy are 
similar to those for obtaining a fine-needle aspiration.

The essential piece of equipment is a non-advancing cutting 
needle, 16 or 18G. The device is inserted in the ‘closed’ position, to 
the periphery of the lesion. The inner stylet is then carefully 
advanced into the lesion, with the specimen notch facing upwards 
towards the transducer for maximum conspicuity, which allows 
precise positioning of the specimen notch across the region to be 
biopsied. On activating the device, the cutting sheath advances  
over the specimen notch with the inner stylet remaining stationary 
(Fig. 46.30).

The small cores of tissue are usually sent to the laboratory in 
formaldehyde. If lymphoma is suspected, it is useful to send a 
further fresh core kept moist with isotonic transport fluid; this can 
be used for flow cytometry (in order to asses whether the sample 
is monoclonal) and immunocytochemical analysis. Similarly, if 
infection is suspected, a further fresh core should be sent for micro-
biological assessment.

The accuracy of the pathological report on fine-needle aspiration 
and core biopsy specimens depends on the pathologist receiving 
relevant clinical information, for which a close working relationship 
between the radiologist and pathologist is invaluable.

Ultrasound-guided fine-needle  
aspiration (FNA)

The principles for successful FNA are essentially the same as those 
for diagnostic scanning. Ergonomic but comfortable positioning of 
the patient is paramount, with the operator’s arm at the same level 
as the patient’s neck, and the screen at eye-level. It may be easier 
to biopsy a mass in the left neck with the operator on the patient’s 
left side. It is also very useful to develop the ability to use the 
aspiration/biopsy needle with both hands.

An alcohol spray to momentarily numb the skin is useful but no 
local anaesthetic is needed, as the anaesthetic injection is often more 
painful than the aspiration procedure. The exception to this rule is 
in children, in whom application of a local anaesthetic cream 1 hour 
prior to the biopsy is very helpful. A probe cover is recommended 
to protect the transducer, which is susceptible to damage from 
alcohol wipes.

A needle and syringe are the essential pieces of equipment. There 
are multiple possible combinations,47 but the author’s preference is 
for a 21G needle and 5 mL syringe. A short low-resistance connec-
tion tube between the syringe and the needle allows maximum 
accuracy in needle placement, enabling the operator to manipulate 
the needle with the index finger and thumb, whilst an assistant 
applies suction (Fig. 46.29). Once the needle tip is visualised within 
the lesion, the assistant should apply approximately 2 mL of suction 
using a 5 mL syringe for approximately 5 seconds, which is then 
released before the needle is withdrawn. If no assistance for aspira-
tion is available, a capillary technique is recommended.48 A needle 
with or without a stylet may be used. The needle is inserted into 
the lesion and the stylet, if used, is withdrawn; fluid, together with 
cells, will then migrate up the needle lumen. The capillary tech-
nique is also recommended in the thyroid, as aspiration samples 
obtained with suction are frequently haemorrhagic.

It is crucial to visualise the needle tip at all times when perform-
ing FNA in the head and neck in order to avoid vascular and neural 
structures. This is best achieved by inserting the needle along the 
long axis of the probe, with the bevel facing upwards. Once the 
target has been identified, the transducer position is fixed, whilst 
the needle is manipulated with the other hand along the plane of 
the ultrasound beam. For biopsying superficial lesions, the needle 
is kept as parallel to the transducer as possible to achieve maximum 
conspicuity of the needle. For biopsying deeper lesions, such as 
those in the deep lobe of the parotid, an angle of 55–60° between 
the needle and the probe, and a distance of 2–3 cm between the 
needle and the probe is optimal.49,50

Figure 46.29 Ultrasound-guided fine-needle aspiration (FNA) 
technique. The operator obtains microcores of the lesion under 
ultrasound guidance, whilst an assistant applies 2 mL of suction.
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Figure 46.30 Sonograms of a core 
biopsy of a lymphomatous node.  
A: Non-advancing device is inserted into 
the node. B: The cutting notch (arrows) of 
the inner stylet is positioned across the 
region to be biopsied, before firing. After 
firing, the end of the device extends no 
further than the tip of the inner stylet. *, 
carotid artery; ijv, internal jugular vein.

A B

ijvijv

* *
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Round Round Round
Oval

Round

Echotexture +++ Hypoechoic Hypoechoic Hyperechoic 
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Absent hilum Absent/present 
hilum

Absent hilum

Necrosis ++++ None Cystic necrosis
Coagulation

Cystic necrosis 
(may be totally 
cystic)

None Cystic
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Sharp
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extracapsular spread

Sharp Sharp Ill-defined
Matting
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level)

Core: formalin + 
fresh

FNA
Microbiology
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THE EYE

Introduction

The ultrasonic appearances of the eye and orbit closely resemble 
the normal anatomical structures (Fig. 47.1). The eye is the easiest 
object to visualise within the orbit, as its fluid content and superfi-
cial position make it ideal for ultrasound examination. Knowledge 
of the anatomy and the firm structural anchoring points of the vitre-
ous, inner and middle coats of the eye enables the pathological 
appearances of the detached vitreous, retina and choroid to be 
understood. Ultrasound is the only practical method of obtaining 
images of the posterior segment of the eye when the light-conducting 
media are opaque, and is the most useful investigation prior to 
vitrectomy.1,2

The mainstays of examination are 2D real-time imaging, colour 
Doppler mapping and spectral Doppler.3 The skilled operator is 
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able to study the characteristics of the motion and topography of 
the pathological intraocular structures, enabling differentiation 
between retinal detachment and vitreous membrane, or tumour 
and haemorrhage. Ultrasound contributes more to tissue diagnosis 
than do computed tomography (CT) or magnetic resonance imaging 
(MRI), as they cannot scan in real-time and are not comparable with 
ultrasound for spatial resolution. Although combined B- and 
A-mode imaging is used in some centres and standardised A-scan 
systems provide quantitative data on intraocular echoes, they 
seldom yield information which usefully supplements that of the 
2D image.4

Anatomy and ultrasound features

The eyeball
The eyeball lies in the anterior orbit, embedded in fat but separated 
from it by a membranous sac termed the fascia bulbi, or Tenon’s 
capsule (Fig. 47.2). This is applied to the eyeball from attachments 
at the corneoscleral junction and the optic nerve. Its inner layer is 
thin and blends with the sclera; its outer layer is pierced by the 
extraocular muscle tendons, which it invests towards each muscle 
belly. The eyeball is composed of segments of two different-sized 
spheres. The transparent anterior segment forms about one-sixth of 
the eyeball and is part of a smaller sphere; the opaque posterior 
segment forms about five-sixths and is part of the larger sphere. 
The optic axis is a line joining the anterior pole – the central point 
of the anterior curvature of the eyeball – to the posterior pole, the 
central point of its posterior curvature. The normal axial length of 
the eye is 24 mm.

Sclera and cornea
The wall of the eyeball encloses the refractive media and is made 
of three coats (Fig. 47.3). The outer coat is tough and fibrous and 
comprises the sclera and cornea, which are almost avascular. The 
bulbar conjunctiva is attached to it by loose connective tissue. The 
sclera may be regarded as a cup-like expansion of the dural sheath 
of the optic nerve and on ultrasound images is resolvable from the 
inner layers of choroid and retina (Fig. 47.4). It is thicker posteriorly 
(1 mm) than anteriorly (0.6 mm), or at the equator (0.5 mm). The 
optic nerve pierces the sclera posteriorly 3 mm to the nasal side of 
the posterior pole and slightly above the horizontal meridian. Near 
the equator there are four apertures, the exit foramina of the vortex 
veins, one in each posterior quadrant.

The transparent cornea bulges forward from the sclera and is 
slightly thicker, measuring 0.9 mm at its centre and 1.2 mm at the 
periphery. The corneoscleral junction is circumscribed by the sinus 
venosus sclerae (canal of Schlemm) at the periphery of the anterior 
chamber. At the iridocorneal angle aqueous humour drains into the 
canal, which communicates with the anterior scleral veins.
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Figure 47.1 Normal eye. A: Normal eye showing iris (small arrow), posterior lens surface (arrow) and clear vitreous (open arrow). 
B: Normal eye deviated left, showing optic nerve (arrow).
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Figure 47.2 Vertical 
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Figure 47.3 Horizontal 
section through eye.
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Figure 47.4 Normal retina–choroid (arrows) and sclera (open 
arrow).

Choroid, ciliary body and iris
The intermediate coat is a continuum of vascular tissue comprising 
the choroid, the ciliary body and the iris, and may be regarded as 
an expansion of the arachnoid and pia of the optic nerve. The 
choroid is a thin erectile vascular layer which may be up to 1 mm 
thick and is of lower reflectivity than the retina and sclera. It  
lines the posterior part of the sclera, from which it is separated by 
the suprachoroidal space, a thin connective tissue layer across 
which the ciliary arteries, veins and nerves pass. The choroid  
is firmly attached at the scleral spur and exit foramina of the  
vortex veins.

The ciliary body is triangular in section, being thicker in front and 
thinner behind. It extends from the corneoscleral junction backwards 
just over halfway to the equator. The scleral surface of the ciliary 
body contains the ciliary muscle. The iris is a contractile diaphragm 
up to 1 mm in thickness situated in front of the lens, obscuring the 
anterior lens surface on ultrasound scans. The iris partially divides 
the space between the cornea and lens into two sections filled with 
aqueous humour, the anterior and posterior chambers of the eye.

Retina
The retina is the delicate innermost nervous membrane of the 
eyeball and its anterior and posterior surfaces are identifiable on 
ultrasound examination. It may be regarded as an expansion of the 
neural substance of the optic nerve, whose fibres are spread out in 
the nervous layer of the retina. There are two layers: an outer pig-
mented layer attached to the choroid, and an inner neuronal layer 
– the retina proper – in contact with the vitreous body. Around the 
optic disc and at the ora serrata the retina is more firmly adherent 
to the choroid than elsewhere. The optic disc has a diameter of 
about 1.5 mm and its circumference is slightly raised. It is situated 
about 3 mm to the nasal side and slightly above the level of the 
posterior pole, and is important as the site of entry of the retinal 
arteries and the exit point for retinal nerves and veins. The macula 
is positioned 4 mm lateral to the centre of the optic disc and 1 mm 
inferiorly. Its central part, the fovea centralis, is a shallow depres-
sion. The macula is the area of the most acute vision, but the optic 
disc is insensitive to light and is known as the ‘blind spot’.

During scanning the well-recognised artefacts ‘Baum’s bumps’ 
are sometimes seen on the retina; they are named after the first 
documenter of B-scanning (Fig. 47.5). These are caused by refraction 
because of the increased propagation velocity of ultrasound in  
the lens.

Refracting media
The refracting media of the eyeball comprise the cornea, the aqueous 
humour, the lens and the vitreous body. The aqueous humour is a 
dilute saline solution secreted into the posterior chamber from the 
vessels of the iris and the ciliary processes. The lens is a transparent 
biconvex body enclosed in a transparent elastic capsule. It is 10 mm 
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remain motionless. In this position the pull of gravity is exerted in 
the direction of the optic axis, enabling a detached vitreous still 
suspended from the vitreous base, or the sedimentation of blood, 
to be assessed more easily than in the erect position. Nevertheless, 
some operators prefer to have the patient seated. The main methods 
of examination are the ‘contact’ method, which is the routine way 
of examining the eye because of ease and rapidity, and the ‘water-
bath’ method. With the contact method the probe is placed directly 
on the closed eyelid, with an intervening coupling gel. This is well 
tolerated by infants and children, as well as adults. Cineloop review 
is a useful record if a child cannot keep still for long. As an alterna-
tive to lid contact some purpose-built probes require direct contact 
with the topically anaesthetised eyeball. A stand-off facility with a 
small fluid-filled compartment has the advantage of improving 
visualisation of anterior structures, but satisfactory scans may be 
obtained using a thick layer of gel on the lid.6 There is little need 
for the waterbath method nowadays, where the lids are retracted 
by a wire speculum and the eye is surrounded by a Steridrape bath 
containing Ringer’s solution at 36°C, or an eyecup filled with meth-
ylcellulose may be used. The transducer is submerged in the fluid 
about 1 cm above the eye. This is the superior method for viewing 
anterior structures such as the vitreous base region.

Using either method, the aim is to image the globe both while 
static and during rapid eye movements during which the motion 
of intraocular structures is observed. Complete visualisation of the 
ocular contents is achieved by careful movement and orientation of 
the transducer with the eye in the primary (straight ahead) position 
and in all directions of gaze. The mobility of the eye enables up to 
50° of movement in any direction from the primary position, and 
the structure of the coats of the eye (sclera, choroid and retina) 
resists deformation during these movements. The vitreous, 
however, is an elastic body which lies in free contact with the retina 
over most of its surface, and which may thus be distorted with each 
eye movement. The mobility of the pathological vitreous and retina 
may be observed during dynamic scanning, as may vitreoretinal 
adhesions. Following an ocular excursion after-movements may 
continue for approximately 1 second.7 The vitreous moves as a 
complete body but the detached retina undulates as a membrane, 
unless fixed by fibrosis. Choroidal tumours appear solid and their 
attachment to the ocular wall is apparent; conversely, vitreous, 
retrohyaloid or subretinal haemorrhage may scintillate and sedi-
ment during eye movements. When vitreoretinal microsurgical 
techniques are being considered, information provided by these 
methods of scanning about the structure and mobility of the ocular 
contents is of great importance.

A-scan
This is carried out using the contact, the eyecup or the waterbath 
method, the immersion methods being preferable if measurements 
are to be taken (see ‘Biometry’ section). For diagnostic purposes the 
probe is positioned adjacent to the lens to avoid refraction of the 
ultrasound beam but for measurements the probe is positioned 
along the axis of the eye to produce a series of peaks corresponding 
with the reflecting interfaces (Fig. 47.6). The normal scan shows 
peak P, the main pulse, followed by peak C, the corneal reflection, 
which is sometimes resolved as two surfaces, the interior of the lens 
being echo-free. The vitreous cavity L-R is also echo-free, and the 
end wall spike R represents a combined reflection from the retina, 
choroid and sclera, with O representing orbital echoes.

Doppler
Orbital vascular disease and amaurosis fugax (transient ocular 
ischaemia) are intimately associated with carotid arterial atheroma 
and stenosis. Doppler studies can predict the degree of stenosis by 
demonstrating the blood flow characteristics within the carotid 
artery and the degree of turbulence; the flow in superficial temporal 
vessels; the direction of flow in supra-orbital vessels (reverse flow 

in diameter and 3–4 mm thick. The interior of the normal lens is 
echo-free, but echoes arise from the central part of the posterior lens 
cortex, giving rise to a fine curved line on ultrasound images.

The suspensory ligament is a series of fibrils attached to the 
ciliary processes and further back to the ora serrata. Occasionally 
they may be seen as fine linear echoes.

The vitreous body is a transparent gel occupying the posterior 
four-fifths of the eyeball. It comprises a collagenous matrix contain-
ing mucopolysaccharides and water, the latter making up over 98% 
of the substance of the gel. It is attached to the optic disc, but more 
firmly at the pars plana just in front of the ora serrata. Elsewhere  
it lies free in contact with the retina. The normal gel is acousti-
cally featureless, but its posterior surface is sometimes seen 
undulating off the retina, when scanning is performed during eye 
movements.

Examination technique

2D scanning
The quality of images produced by currently available general-
purpose ultrasound scanners has made eye scanning a practical 
proposition for all departments possessing a short-focus 7.5 or 
10 MHz real-time small parts probe.5 The majority of scans illustrat-
ing this chapter were obtained with such equipment. Sector scan-
ning is carried out with the patient lying supine, which gives 
stability and support to the head, making it easy for the patient to 

Figure 47.5 Baum’s bumps (arrows) refraction artefact.

Attachments

• The wall of the eyeball comprises three coats: sclera, choroid, 
retina.

• The firm attachments of the coats and refracting media are of 
great relevance when understanding detachments.

• The choroid is firmly attached at the scleral spur and exit 
foramina of the vortex veins.

• The retina is firmly attached at the ora serrata and optic nerve 
head.

• The vitreous is firmly attached at the pars plana and optic disc.
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the globe the ophthalmic artery is frequently visualised in its usual 
anatomical position inferonasal to the optic nerve. The choroid 
receives most of the blood supply to the eye via the posterior ciliary 
branches of the ophthalmic artery. Examining the artery close to the 
globe therefore excludes blood flow to branches supplying extraoc-
ular structures, and gives an accurate estimation of blood flow to 
the eye itself. Changes in systemic blood pressure and intraocular 
pressure have a direct effect on ocular blood flow,11 as there is no 
autoregulation of the choroidal vasculature. The central retinal 
artery and vein are even smaller vessels seen coursing along the 
optic nerve behind the optic disc.

Doppler technique

Doppler sampling is facilitated by the use of colour Doppler, which 
indicates the site of a vessel and greatly helps to position the gate. 
The use of a narrow gate (1.5 mm) enables the study of blood flow 
within small structures such as the retinal artery and vein, as well 
as the choroidal vessels. Spectral waveforms measured in the 
central retinal artery (CRA) and central retinal vein (CRV) at the 
optic nerve head may indicate whether arterial or venous occlusion 
has occurred, providing that the examination is carried out within 
days of the onset of symptoms.12,13 Colour Doppler is a useful sup-
portive method of diagnosing intraocular tumours, such as melano-
mas, metastases and retinoblastomas, tumour vessels showing 
vividly as pulsating channels or lakes of colour. Melanoma is occa-
sionally mimicked by benign conditions such as disciform lesions, 
subretinal haemorrhage or choroidal folds. In this situation the 
demonstration of tumour vasculature by colour Doppler is a con-
siderable aid to differential diagnosis. Colour Doppler also helps 
differentiate between retinal detachment (showing blood flow) and 
the posterior surface of the detached gel (showing no flow).14

Ultrasound biomicroscope
Near-field artefact hampers clear visualisation of the anterior 
segment in conventional scanning, unless a stand-off probe or a 
thick layer of gel is used. Pavlin and colleagues have developed a 
high-frequency (50 MHz) ultrasound biomicroscope which pro-
vides in-vivo microscopic imaging of the iris, ciliary body, anterior 
chamber and cornea with unparalleled detail (Fig. 47.8). This makes 
possible investigation of conditions of the anterior segment,  
such as glaucoma, iris tumours, scleral conditions and lens 
implantation.15

is relevant to internal carotid disease); the presence of an anasto-
motic circulation;8,9 and the time sequence in relation to these 
vessels.

Blood flow has also been studied in the ophthalmic artery and its 
branches and in pathological structures within the orbit; Doppler 
has also been used for quantification of vitreous mobility in poste-
rior vitreous detachment.10 Difficulties encountered in imaging a 
vessel as small as the ophthalmic artery (0.7–1.4 mm diameter) are 
overcome by the use of colour Doppler scanning (Fig. 47.7). Behind 

Figure 47.6 Normal A-scan. Peak P, main pulse; C, cornea; 
L, anterior and posterior lens surface; R, retina (end wall); O, orbital 
echoes.

Figure 47.7 Normal central retinal vessels. Colour Doppler 
scan showing normal central retinal artery (red) and vein (blue).

Figure 47.8 Ultrasound biomicroscope image showing anterior 
chamber angle (horizontal arrow), ciliary process (vertical arrow), 
lens (open arrow).
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Figure 47.9 Subcapsular cataract with anterior epithelial 
proliferation.

Figure 47.10 Lens implant showing reverberation artefact 
posteriorly (arrow).

and anterior chamber implants in front. Artificial lenses are manu-
factured from plastics and show dense reverberation artefacts pos-
teriorly (Fig. 47.10). A plane of examination to the side of the lens 
must therefore be sought.

Ectopia lentis

The non-cataractous lens is less easy to image, but it is possible to 
identify the ectopic lens in congenital or acquired lens dislocation. 
Bilateral lens subluxation in an upward direction is a feature of 
Marfan’s syndrome, which is also a cause of retinal detachment due 
to retinal degeneration. Conversely, in homocystinuria the lens sub-
luxation is typically downwards (Fig. 47.11). Glaucoma may result 
from pupil block, as a result of lens incarceration in the pupil, or 
from a total dislocation into the anterior chamber. Retinal detach-
ment is also a complication.

Retina

Retinal detachment

Retinal detachments are divided into two main types, rhegmatog-
enous (arising from a break in continuity) and non-rhegmatogenous 

3D scanning
Three-dimensional ultrasound (3DUS) reconstruction software is 
available on some conventional scanners. This enables pathological 
structures, such as a melanoma, to be reviewed in 3D. A 3D data 
set is acquired which is then reconstructed into a 3D volume which 
may then be reviewed in any orientation (including coronal and 
oblique).16 The technique may prove to be of value in evaluating 
ocular tumours, extrascleral extension, radioactive plaque localisa-
tion and vitreoretinal disease.

Indications

In practice patients with opaque media form the bulk of referrals, 
particularly those with cataracts and haemorrhages. It is not neces-
sary to scan every patient with a cataract, but if there are concurrent 
symptoms, for example inflammation, pain, rapidly worsening 
vision, or the development of glaucoma, a scan should be per-
formed to detect or exclude any coexistent pathology.

If vitreoretinal surgery is contemplated ultrasound assessment  
of the globe is essential.1 The preoperative information required 
includes:
1. the state of the vitreous
2. the position and extent of any intraocular lesion visible by 

ultrasound
3. the condition of the retina, and particularly the macula
4. the motility of the contents of the globe, which has a direct 

influence on operability, and
5. the relation between the vitreous and retina, mapping out any 

vitreoretinal adhesions.

Pathology

Lens

Cataract

Cataracts are usually noted incidentally during scanning of the 
posterior segment of the opaque eye. The outline of the lens is seen 
particularly well if there is a senile subcapsular cataract, which 
leaves an outline of reflective material below the lens capsule (Fig. 
47.9). An immature cataract is one in which scattered opacities are 
separated by clear zones, whereas a mature cataract forms a totally 
opaque cortex, resulting in a highly reflective lens on scanning.

Intraocular lens implant

Cataract extraction is frequently followed by intraocular lens 
implantation. Posterior chamber implants lie behind the iris,  

Indications for ultrasound examination of the eye

1. Opaque light-conducting media, making direct vision by 
ophthalmoscopy difficult or impossible.

2. Suspected intraocular tumour: solid lesions are readily visualised, 
localised and measured by ultrasound.

3. Differentiation between serous and solid retinal detachment. It is 
not always possible to determine ophthalmoscopically whether a 
detachment is concealing a tumour. The subretinal area is clearly 
demonstrated by ultrasound.

4. Examination of the vitreous.
5. Localisation of foreign bodies.
6. Ocular measurements (biometry, using A-scan).
7. Proptosis.
8. Doppler investigation of orbital vascular disease and tumours.
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degeneration (for example, lattice degeneration in myopes) and 
vitreoretinal traction from a detached vitreous. Retinal detachment 
affects about 1 in 10 000 people per year, and about 10% of cases are 
bilateral. The fact that about 5% of the general population have 
retinal breaks implies that there are unknown factors associated 
with retinal detachment.19

Vitreoretinal traction
This is caused by a hypermobile degenerating vitreous. In elderly 
people, alterations in the micromolecular structure of the vitreous 
cause liquefaction of the gel (synchysis senilis), resulting in a lacuna 
of fluid within the gel (Fig. 47.14). Sometimes the posterior hyaloid 
interface becomes detached (Fig. 47.15). A hole develops in the 
thinned posterior vitreous cortex overlying the fovea, and synchytic 

(secondary detachment). There are two main forms of non-
rhegmatogenous retinal detachment: tractional and exudative.17,18

The firm anatomical attachments of the retina, at the ora serrata 
and the optic nerve head, ensure that detachment does not extend 
beyond these sites. A classic, total detachment therefore shows a 
funnel-shaped appearance (Fig. 47.12). In recent rhegmatogenous 
(i.e. with a retinal hole) detachment there is a sinuous or whiplash 
motion of the retinal leaves. Retinal mobility is less marked if the 
detachment is non-rhegmatogenous, shallow, partial, or if there is 
a large amount of subretinal fluid, causing a tense bullous detach-
ment (Fig. 47.13). Although a minority of retinal detachments 
remain stationary for some years, if they are left untreated most 
become total and progressively immobile, owing to the develop-
ment of preretinal fibrosis. The retina contracts to form a cord, 
stretched between the optic disc and periphery.

Rhegmatogenous retinal detachment
Retinal breaks which result in retinal detachment are caused by 
underlying weakness in the peripheral retina, from predisposing 

Figure 47.11 Ectopic lens (arrow) and retinal detachment in 
homocystinuria.

Figure 47.12 Total retinal detachment, firm anatomical 
attachment posteriorly at optic nerve head, and anteriorly at ora 
serrata. Vitreous collapsed (arrow). Horizontal scan.

Figure 47.13 Partial retinal detachment with subretinal 
haemorrhage.

Figure 47.14 Lacuna (arrow) outlined by vitreous haemorrhage.
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Figure 47.17 Retinal tear (arrow) and total retinal detachment.

vitreoretinal adhesions. Symptoms are usually experienced with 
tears due to acute posterior vitreous detachment (flashing lights, 
floaters), and the tears are commonly located in the upper fundus. 
Tears are frequently complicated by vitreous haemorrhage, which 
may also be caused by rupture of a peripheral retinal blood vessel. 
The risk of retinal detachment is high if tears are not treated by 
photocoagulation or cryotherapy, because retrohyaloid synchytic 
fluid is potentially able to enter the subretinal space. Retinal tears 
are small and cannot usually be identified by ultrasound. Occasion-
ally, however, a flap of torn retina is seen protruding into the vitre-
ous cavity (Fig. 47.17).

The aim of retinal detachment surgery is to seal the retinal break 
by laser or cryotherapy and to re-establish contact between the 
detached retina and the retinal base, in the region of the break or 
hole. When the hole has been sealed subretinal fluid often resorbs 
spontaneously. A concomitant scleral buckling technique is fre-
quently used to appose the retinal pigment epithelium to the 
sensory retina, release vitreoretinal traction and increase the rela-
tive vitreous volume. This is commonly achieved with a silicone 
sponge explant (Fig. 47.18), which is sutured directly on to the 
sclera to create an ‘indent’. Other methods of changing the relative 
volume of the vitreous to that of the vitreous cavity include 360° 
buckling with a circumferential strap, or intravitreal injections. 
Intravitreal gas injection (air, or a mixture of air and sulphur hex-
afluoride, which takes longer to absorb) is used to prevent hypot-
ony following drainage of subretinal fluid, or to close a retinal tear 
by tamponade. Balanced salt solution is also used in hypotony, and 
silicone oil in eyes with complicated retinal detachments.

Proliferative vitreoretinopathy
Proliferative vitreoretinopathy (PVR) causes the progressive immo-
bilisation of rhegmatogenous retinal detachments by the prolifera-
tion of fibroblastic membranes on the inner retinal surface (epiretinal 
membranes) and posterior hyaloid interface. These membranes are 
caused by proliferation and metaplasia of cells derived from 
pigment epithelium and retinal glial cells. Contraction of the  
membranes results in gel retraction together with retinal traction 
and immobilisation, but fibrosis in the gel does not always  
progress at the same rate as that of the epiretinal membranes. The 
gel may therefore remain mobile while the retina is rigid, or gel 
contents may show mobility when fibrotic changes are confined  
to the vitreous cortex. In eyes with moderate proliferative vitre-
oretinopathy the partially immobilised retina shows a flapping 
motion on dynamic scanning. Progression to massive proliferative 

fluid from the lacuna passes through the hole, forcibly detaching 
the tenuous adhesion of the posterior vitreous surface to the sensory 
retina, as far as the vitreous base. The vitreous gel collapses interi-
orly, suspended from the vitreous base, and the retrohyaloid space 
is occupied by synchytic fluid (Fig. 47.16). This process is termed 
acute rhegmatogenous posterior vitreous detachment (PVD) with 
collapse. As the vitreous is no longer in apposition to the sensory 
retina the latter is vulnerable to tractional forces exerted by any 
vitreoretinal adhesions. In most cases these are weak and the vitre-
ous cortex detaches completely from the sensory retina. However, 
about 10% of cases develop retinal tears at sites of strong 

Figure 47.15 Lacuna with detached posterior hyaloid 
interface (arrow).

Figure 47.16 Posterior vitreous detachment.
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Exudative (serous) retinal detachment
Subretinal fluid (SRF) from the choroid enters the subretinal space 
through damaged pigment epithelium caused by inflammation or 
tumour. In the ‘uveal effusion syndrome’ shifting subretinal fluid 
is the typical feature. Under the influence of gravity the distribution 
of subretinal fluid changes with alterations in eye position. In the 
upright position subretinal fluid accumulates under the inferior 
retina, but upon adopting the supine position the fluid shifts pos-
teriorly and detaches the macula and superior retina. Dynamic 
scanning shows some mobility of the retina, and usually an associ-
ated anterior choroidal detachment.

Choroidal detachment
A complete choroidal detachment shows fluid in the suprachoroi-
dal space, limited by the attachments of the choroid – anteriorly to 
the ciliary body and hence the scleral spur; posteriorly at the exit 
foramina of the vortex veins. A complete detachment, therefore, 
appears on scanning as a biconvex indentation of the globe (Fig. 
47.21). If the vortex veins are absent or avulsed, the detachment 
may extend to the optic disc. Choroidal detachment in association 
with retinal detachment is not pathognomonic for an exudative 
detachment because many rhegmatogenous detachments have an 
associated choroidal detachment. Scanning may reveal choroidal 
tumour (melanoma, secondary deposit or retinoblastoma) as the 
cause of exudative retinal detachment, but the aetiology also 
includes endogenous uveitis and infection.

Traction retinal detachment
Contracting vitreoretinal membranes pull the sensory retina away 
from the pigment epithelium, resulting in angular immobile detach-
ments on dynamic scanning (Fig. 47.22). Proliferative retinopathy 

vitreoretinopathy is not inevitable but, if this stage is reached, scan-
ning demonstrates a funnel-like configuration of the postequatorial 
retina, with shortened and thickened epiretinal fibrous tissue with 
a trans-vitreal membrane stretching across the anterior retina. These 
features produce the ‘triangle sign’, which is an important indicator 
of a poor surgical and visual prognosis (Fig. 47.19). This stage may 
progress further until the retinal leaves appose and fuse (Fig. 47.20).

Non-rhegmatogenous retinal detachment
In this condition there is no retinal break and the detachment is 
exudative or tractional.

Figure 47.18 Silastic explant (arrow).

Figure 47.19 Proliferative vitreoretinopathy showing triangular 
retinal detachment and trans-vitreal membrane (arrow).

Figure 47.20 Advanced proliferative vitreoretinopathy showing 
centrally fused retinal leaves (arrow) and explant (*).

*

Choroidal detachment aetiology

• Idiopathic – uveal effusion syndrome.
• Inflammatory – uveitis, scleritis.
• Post-traumatic/surgical.
• Hypotony.
• Intraocular tumour.
• Toxic reaction to systemic medication.
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Figure 47.22 Traction retinal detachment with contracting 
vitreoretinal adhesion (arrow).

Figure 47.23 Subvitreal haemorrhage.

Conditions mimicking retinal detachment

• Vitreous membranes.
• Vitreous haemorrhage with ochre membrane.
• Incomplete posterior vitreous detachment.
• Vitreous cavities.
• Vitreous incarceration after penetrating injury.
• Kissing choroidal detachments.

Figure 47.21 Choroidal detachment. 
A: Horizontal scan. B: Choroidal 
detachment, suprachoroidal haemorrhage 
(arrow).

A B

In traction retinal detachment subretinal fluid is less than in rhe-
gmatogenous detachment and its source is unknown. The summit 
of the retinal elevation occurs at the site of insertion of the vitre-
oretinal adhesion (Fig. 47.22). Retinal breaks are absent, except 
when a secondary rhegmatogenous component develops, which 
gives the detachment some mobility on dynamic scanning.

Acquired retinoschisis

In this condition the sensory retina splits into two layers. The condi-
tion is prevalent in hypermetropes, and is present in about 5% of 
the population over the age of 20 years.

Initially retinoschisis affects the inferotemporal periphery of both 
fundi (Fig. 47.24), but the lesions may progress circumferentially to 
involve the whole periphery of the fundus. The usual (plexiform) 

and penetrating ocular trauma are the main causes. About 5% of 
those with diabetes are affected by proliferative diabetic retinopa-
thy, but in juvenile-onset diabetes the risk is increased to about 60% 
incidence after 30 years. Neovascularisation occurs at the optic 
nerve head and along temporal vascular arcades, with endothelial 
proliferations from veins. These changes are stimulated by a bio-
chemical mechanism residing in retinal neuronal and glial cells.20 
The new vessels project into the retrohyaloid space and are the 
source of fibroblasts, which in turn form fibrovascular epiretinal 
membranes. The membranes become attached to the vitreous, 
resulting in seepage of blood constituents into the gel, which degen-
erates and detaches. Frequently, however, detachment is incom-
plete owing to strong adhesions at the sites of fibrovascular 
proliferations. Fibrovascular membranes further develop along the 
surface of the partially detached vitreous. These processes are 
asymptomatic until haemorrhage occurs into the vitreous cavity, 
increasing the risk of visual loss, and are only discovered by clinical 
examination. Retrohyaloid (preretinal) haemorrhage is commoner 
than intragel haemorrhage, and usually disperses more rapidly 
(Fig. 47.23).
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Drusen are also a manifestation of age-related macular degen-
eration. Small, globular collections of hyaline material are situated 
between the basal lamina of retinal pigment epithelium and the 
inner, collagenous layer of Bruch’s membrane.21,22 They are usually 
distributed symmetrically at the posterior poles of both fundi, and 
this type is rarely visible before the age of 45 years. With advanc-
ing age they increase in size and number and secondary calcifica-
tion occurs. Frequently they are localised to the macular or 
extramacular region, and may elevate the retina without impairing 
vision. Many patients with drusen have normal vision throughout 
life, but a significant number of elderly patients develop progres-
sive impairment of central vision due to age-related macular 
degeneration.23

type remains anterior to the equator, but the reticular form may 
progress posteriorly and encroach upon the fovea. Serial scans can 
check the development of this complication. Retinal detachment is 
a rare complication of acquired retinoschisis.

Disciform lesions

These are a manifestation of age-related macular (or paramacular) 
degeneration, giving rise to an elevated collection of subretinal 
exudate and fibrosis.

The early changes are rupture of Bruch’s membrane by the  
penetration of a neovascular membrane derived from the choroid. 
The neovascular tissue may bleed or leak, producing a subretinal 
exudate which subsequently absorbs or heals by fibrosis. Macular 
degeneration is usually bilateral, but the severity and progression 
are often asymmetrical. Subretinal elevation caused by age-related 
macular degeneration may therefore mimic a choroidal tumour. On 
ultrasound the lesions are frequently dome-shaped, but sometimes 
irregular in outline with a heterogeneous appearance, ranging from 
low to high reflectivity. Serial scans may document a decrease in 
size over a period of weeks, which may be the most significant 
feature to differentiate a disciform lesion from a small melanoma 
or other tumour (Fig. 47.25). Colour Doppler imaging may be 
helpful in the diagnosis of lesions over 3 mm in size, if the presence 
of tumour vasculature is demonstrated.

Drusen (hyaline bodies)

These hyaline calcific deposits are seen as a congenital optic disc 
anomaly within the substance of the optic nerve head. They lie 
below the surface of the disc in children, and can be confused clini-
cally with papilloedema, which may be investigated unnecessarily. 
However, early in the second decade they become visible on the 
surface of the optic disc as bright, pearl-like nodules. Scanning 
demonstrates a collection of calcific material in the optic nerve head, 
sometimes protruding into the vitreous and casting an acoustic 
shadow (Fig. 47.26). Congenital drusen usually remain asympto-
matic throughout life, but occasionally cause visual impairment as 
a result of haemorrhage or neovascularisation.

Figure 47.24 Retinoschisis.

Figure 47.25 Disciform lesion (arrow), small subretinal 
haemorrhage.

Figure 47.26 Drusen of optic nerve head (arrow).
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and ultrasonically as multiple, high-amplitude echoes similar to 
asteroid hyalosis. However, the cholesterol crystals sediment, 
leaving an echo-free vitreous if the eye is still. Asteroid hyalosis and 
synchysis scintillans do not reduce visual acuity but have a striking 
ultrasound appearance, whereas vitreous haemorrhage reduces 
visual acuity but has much subtler ultrasound features.

Posterior vitreous detachment (PVD)

The mechanism of posterior vitreous detachment with collapse has 
been described above as the cause of acute rhegmatogenous retinal 
detachment. The result of synchysis senilis is a gel of reduced 
volume and increased mobility suspended from the vitreous base, 
surrounded by retrohyaloid synchytic fluid (Fig. 47.16). Most cases 
of synchysis senilis remain uncomplicated, and the condition is 
frequently seen when scanning cataractous eyes. However, if  
vitreous traction causes a retinal tear or avulsion of a peripheral 
blood vessel, intragel and retrohyaloid haemorrhage may occur. 
Under these circumstances dynamic scanning may demonstrate a 
surprisingly marked mobility and elasticity of the detached vitre-
ous, the gel assuming mirror-image configurations when the eye is 
deviated to one side and then the other (Fig. 47.29). Failure to move 

Vitreous
The structure of the normal gel renders it acoustically clear, but 
with careful adjustment of the scanner’s sensitivity dynamic scan-
ning demonstrates some undulations of the posterior hyaloid 
surface with eye movements. The posterior surface of the gel is seen 
transiently when correctly aligned to the incident sound. The  
vitreous is more easily imaged if it is occupied or surrounded by 
pathological material; the motion of the gel is that of a deformable, 
elastic mass.

Persistent hyperplastic primary vitreous

This is a serious developmental disorder of the vitreous and is a 
cause of leukocoria, or white pupil. Embryologically the vitreous 
develops from the primary vitreous, which occasionally persists in 
a microphthalmic eye. The more common anterior-type is charac-
terised by the presence of a retrolental mass. In the rarer posterior 
type a dense membrane containing the hyaloid artery extends from 
the retrolental region to the optic disc (Fig. 47.27), and may be 
associated with retinal detachment.

Asteroid hyalosis

This is a senile degenerative disorder of unknown origin occurring 
in otherwise healthy eyes, and is uni-ocular in 75% of cases. Calcium 
soaps form asteroid bodies which are scattered through the vitreous 
and which remain in suspension, as there is no associated liquefac-
tion. The calcified bodies show multiple high-amplitude echoes and 
demonstrate considerable after-movement on dynamic scanning 
(Fig. 47.28).

Synchysis scintillans

This is another degenerative condition, frequently bilateral, that 
occurs after long-standing uveitis or following vitreous haemor-
rhage. The vitreous is liquefied and contains cholesterol crystals, 
which sink under the action of gravity. Eye movements stir up the 
crystals, which are seen ophthalmoscopically as glittering particles 

Figure 47.29 Posterior vitreous detachment. A: Eye deviated 
right. B: Eye deviated left.

A B

Figure 47.28 Asteroid hyalosis.

Figure 47.27 Persistent hyperplastic primary vitreous showing 
hyaloid artery (arrows) (eye deviated left).
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formation of vitreous bands and an ochre membrane. The inflam-
matory response to the erythrocytes is low grade, with unpha-
gocytosed cells remaining intact for several weeks. Fibrosis or 
organisation is an unusual sequel to vitreous haemorrhage, and is 
usually associated with severe ocular trauma or ocular disease in 
which vitreous haemorrhage is an incidental finding, for example 
diabetic proliferations or retinal vasculitis.24

Haemorrhage within the vitreous cavity may therefore persist for 
some considerable time as widely dispersed echoes in the gel or 
retrohyaloid space. Sometimes, however, fibrinous membranes 
develop, giving rise to mobile, linear structures (Fig. 47.32). This is 
known as ‘arrangement’, as true ‘organisation’ is not involved.7

Incomplete posterior vitreous detachment
In the normal eye the vitreous cortex is loosely attached to the 
internal limiting membrane of the sensory retina, but there are 
strong attachments at the vitreous base and optic disc margin. Weak 
attachments exist around the fovea and at the site of peripheral 
blood vessels. In the abnormal eye strong vitreoretinal adhesions 
may occur at the posterior border of retinal lattice degeneration, at 
congenital cystic retinal tufts, retinal pigment clumps, vitreous base 
anomalies, and at the impaction site of a foreign body. In diabetic 
patients strong adhesions are present if fibrovascular membranes 
form in proliferative vitreoretinopathy (Fig. 47.33). Retinal vein 
occlusion may result in adhesion at sites of neovascularisation at 
the posterior pole.25 If vitreous haemorrhage occurs with complete 
posterior vitreous detachment, the likely cause is a retinal tear 
requiring prompt treatment. However, if haemorrhage is seen in 
association with a posterior vitreoretinal adhesion the likely cause 
is a retinal vein occlusion, and requires more prolonged assessment. 
Confusion may occasionally arise if a posterior vitreoretinal adhe-
sion causes a retinal tear, or if complete posterior vitreous detach-
ment is prevented by a strong posterior adhesion.

The moderately collapsed gel sites of vitreoretinal adhesion are 
not always obvious on ultrasound scanning until dynamic testing 
is used and positions of restricted movement identified. Similarly, 
fine vitreous strands, usually joining the gel mass to the posterior 
pole, are not seen until eye movement demonstrates gel tethering 
(Fig. 47.34).

The characteristic motion of vitreous and retina normally  
enables these structures to be distinguished. However, if the poste-
rior hyaloid surface is thickened and attached to the optic nerve 
head, very careful observation during dynamic scanning may be 
required to differentiate the unified motion of gel mass from the 
membranous behaviour of a detached retina. If the vitreous con-
tains pathological material this distinction is made easier.

in this way, or asymmetrical suspension, may indicate immobilisa-
tion of part of the gel by an adhesion, or restriction from a penetrat-
ing injury.7 Retrohyaloid haemorrhage in the presence of a posterior 
vitreoretinal adhesion may incarcerate the gel, resulting in little 
mobility on dynamic scanning (Fig. 47.30).

Small haemorrhages dispersed throughout the vitreous may be 
difficult or impossible to demonstrate, but larger bleeds are more 
easily seen as widespread, low-intensity echoes with marked after-
movements on dynamic scanning. In vitreous haemorrhage result-
ing from subarachnoid haemorrhage (Terson’s syndrome) or from 
blunt trauma, the red blood cells sediment and compact near the 
posterior hyaloid surface of the detached vitreous, and scanning 
shows echoes of increasing intensity in the posterior gel (Fig. 47.31). 
Degenerating blood cells give rise to lower-level echoes and colour 
the posterior vitreous cortex to give the clinical feature known as 
‘ochre membrane’. Retrohyaloid haemorrhage may sediment to 
form a fluid level behind the collapsing gel.

The presence of blood has a destructive effect on gel structure, 
including posterior vitreous detachment, liquefaction of the gel, the 

Figure 47.30 Retrohyaloid haemorrhage, vitreous attached at 
optic nerve head (arrow).

Figure 47.31 Vitreous haemorrhage.

Figure 47.32 Arranged vitreous membranes (arrow).
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Figure 47.35 Melanoma (dome shape). A: Horizontal scan. B: Colour Doppler scan.

A B

enucleated patients.28–30 A more conservative approach has given 
ultrasound an important role in management, particularly in eyes 
with hazy media, as information about the size, position, extent and 
growth of a tumour is readily obtained.

The ultrasound appearances of choroidal melanoma are well 
described.31–34 The typical appearance is a lenticular-shaped mass 
deeply embedded in and arising from the choroid. The mass is 
usually moderately reflective and may give rise to some acoustic 
shadowing (Fig. 47.35). Less commonly the tumour is poorly reflec-
tive and there may be a cystic component (Fig. 47.36). An associated 
exudative retinal detachment may conceal an underlying melanoma 
from ophthalmoscopic examination, but scanning reveals the solid 
nature of the occult tumour (Fig. 47.37). Some melanomas have a 
bilobed or cottage loaf-shaped appearance, caused by waisting as 
they break through Bruch’s membrane (Fig. 47.38). If the membrane 

Ocular tumours

Choroidal and ciliary body melanoma
Malignant melanoma of the choroid is the commonest primary 
intraocular tumour in adults; 85% of ocular melanomas arise from 
the choroid and 15% from the ciliary body. Melanoma occurs most 
frequently between the ages of 50 and 60 years, and is rare below 
the age of 30 and above 80. The tumour is rare in blacks, but patients 
with ocular melanosis are at increased risk.26 Most tumours arise 
posterior to the equator of the eye and are usually single and uni-
lateral, sometimes developing from a pre-existing naevus.27

There has been a move away from the traditional treatment by 
enucleation of the eye, especially for small tumours and it is proven 
that there is no difference in survival rate between irradiated and 

Figure 47.33 Fibrovascular vitreoretinal adhesion (arrow) with 
vitreous haemorrhage in a diabetic.

Figure 47.34 Fine vitreoretinal adhesion (arrow). Globe indented 
by explant (*).

*
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Figure 47.36 Melanoma with vacuole (arrow).

Figure 47.37 Melanoma concealed by retinal detachment.

Figure 47.38 Melanoma (cottage loaf shape). A: Showing choroidal excavation (arrow). B: Power Doppler scan.

A B

remains intact the tumour is dome-shaped. Some tumours demon-
strate choroidal excavation, in which low-amplitude tumour cell 
echoes replace and enlarge the choroid. Small melanomas may be 
relatively echo-free, making differentiation from retinal degenera-
tive lesions difficult. However, a clue is given if the lesion is identi-
fied as lying deep in the choroid and serial examinations show 
growth. Colour Doppler scanning may help to differentiate 
melanoma from subretinal haemorrhage by demonstrating blood 
flow within the lesion. Tumour vessels show as pulsating channels 
or lakes of colour. Care must be taken so that blood flow in the 
overlying retina is not mistaken for tumour circulation. Not all 
tumours show vascularity on Doppler, especially if less than  
3 mm in size. The intensifying effect of ultrasound contrast agents 
on the Doppler signal may prove a useful diagnostic aid in this 
situation.35

Melanoma may be complicated by subretinal or vitreous haemor-
rhage. The resulting ultrasound appearances are confusing, but 
dynamic scanning clarifies the situation. With rapid eye movements 
the tumour itself shows fixity to the wall of the eye, whereas sub-
retinal haemorrhage shows some movement and sedimentation, 
the fluid appearing less reflective than the associated tumour (Fig. 
47.39). The retina elevated over the area of haemorrhage also shows 
movements, as a membrane restraining a fluid collection. Bleeding 
into the vitreous usually causes degeneration, detachment and loss 
of gel volume. The resultant mobile reflective gel can be identified 
on dynamic scanning. Ultrasound imaging is useful in the assess-
ment of scleral erosion and extraocular extension of a melanoma, 
the extraocular component showing as a poorly reflective area 
within the orbital fat (Fig. 47.40). However, MRI is more sensitive 
in the detection of extraocular growth.36

A wide range of therapies is now available for ocular melanoma 
and the information gained from ultrasound is a vital component 
of many therapeutic regimens. Brachytherapy with a ruthenium 106 
or iodine 125 applicator is usually the first choice. Other treatments 
include transpupillary thermotherapy (TTT), charged particle radio -
therapy, stereotactic radiotherapy and surgical resection. If local 
resection (choroidectomy) is to be considered several factors need 
to be determined, including the relationship of the tumour to the 
optic disc, the elevation, base diameter, presence of scleral erosion, 
and whether there is extraocular extension. Some centres use three-
dimensional measurements of the melanoma, which correlate well 
with other tumour measurement techniques.37 Observation is con-
sidered for small or asymptomatic lesions in which the diagnosis is 
equivocal. Melanomas less than 3 mm thick and 10 mm in diameter 
have an excellent prognosis and remain dormant for many years, 
with a low likelihood of metastasis. Radioactive plaques attached 
to the globe for a set period of time deliver a fixed dose of radiation. 
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Figure 47.41 Ciliary body melanoma.

Ciliary body melanomas are more difficult to see clinically than 
posterior tumours, unless the pupil is widely dilated. They are also 
less easy to image with ultrasound, particularly if small. On ultra-
sound scanning they are seen as solid tumours with features similar 
to a choroidal melanoma, and the dimensions and posterior extent 
should be determined (Fig. 47.41). There is also an annular form of 
melanoma which is differentiated from serous choroidal detach-
ment by the fluid content of the latter. Posterior extension of ciliary 
body melanoma may cause retinal detachment. Pressure exerted by 
the tumour upon the lens may cause anterior displacement.

The diagnosis of choroidal melanoma is not always straightfor-
ward and occasionally confusion with other choroidal conditions 
may occur. Degenerative disease or trauma may cause choroidal 
defects or tears which bleed into the subretinal space. The haemor-
rhage is followed by neovascularisation and the formation of a 
fibrovascular disciform lesion. These are known as Fuchs spots, and 
are highly reflective but show minimal sound absorption. This con-
dition occurs at the macula in myopic eyes and in elderly people. 
Disciform lesions can have an appearance indistinguishable from a 
small melanoma, and serial ultrasound examinations are necessary 
to demonstrate that the lesion is regressing or static, rather than 
increasing in size. Occasionally ultrasound-guided tissue biopsy is 
used to obtain cellular aspirates for cytological diagnosis.

Metastatic carcinoma

Choroidal metastases are commoner than primary malignancies. 
The most common site of the primary is the breast in females and 
the bronchus in males.38,39 Less common primary sites are the testis, 
kidney and gastrointestinal tract. Metastases have a definite predi-
lection for the posterior pole, and may be single or multiple. The 
tumours infiltrate laterally and are therefore low, undulating 
masses with a broad base (Fig. 47.42). Ultrasonography shows 
diffuse choroidal thickening. Metastases can give rise to either high- 
or low-amplitude echoes, and occasionally develop a globular 
shape which mimics amelanotic melanoma. The history gives a 
strong indication of the tumour’s origin. Exudative retinal detach-
ment may complicate choroidal metastases. Careful examination  
of the opposite eye is important, as metastases are frequently 
bilateral.

Unfortunately, radiation-induced complications include retinopa-
thy, vitreous haemorrhage and cataract. Enucleation is indicated for 
very large melanomas, particularly if vision has been lost. However, 
enucleation does not improve the prognosis in patients over 65 with 
slowly growing tumours and normal vision. Follow-up by Doppler 
is valuable in assessing the efficacy of radiotherapy, which causes 
flow velocities and Doppler shifts to decrease in tumour vessels, 
supporting the theory that radiation results in sclerosis of the 
supply vasculature.

Figure 47.39 Highly reflective melanoma and poorly reflective 
subretinal haemorrhage.

Figure 47.40 Melanoma, scleral erosion and extraocular extension 
(arrows).
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syndrome. Typically the lesions have a low elevation with a broad 
base, either dome-shaped or placoid, and are situated at the poste-
rior pole (Fig. 47.44). The tumours are composed of multiple small 
vascular channels and blood-filled spaces, showing high reflectivity 
on ultrasound. Colour Doppler scanning shows blood flow within 
the lesion. The scan shows a sharp anterior border but no choroidal 
excavation or acoustic shadowing. However, in some cases there is 
bone formation from metaplasia of the pigment epithelium.

Choroidal naevus

These are flat or slightly elevated, and usually not detectable by 
ultrasound. If elevated they appear highly reflective and avascular, 
making it impossible to differentiate from a small melanoma.

Retinoblastoma

This is the commonest primary malignant intraocular tumour of 
childhood, and comprises about 30% of all ocular tumours (about 
40% are malignant melanomas).41 Nevertheless, it is rare, occurring 
in about 1 in 20 000 live births. It arises from cells derived from the 
embryonic retinal epithelium of the primary optic vesicle. As 
modern treatments increase the survival rate the chance of heredi-
tary transmission is increased. Retinoblastoma has the best progno-
sis of all childhood tumours, with over 80% survival. Both sexes are 
equally affected and, although initially presenting in one eye, the 
tumour is bilateral in about one-third of cases. Most tumours 
become apparent before the age of 3 years, the average age of diag-
nosis being 18 months. Only 6% of cases have a positive family 
history of retinoblastoma, and here the mode of inheritance is auto-
somal dominant with a high but incomplete penetrance. The 
remaining 94% of cases are sporadic, and of these 25% are germinal 
mutations able to be inherited.

Retinoblastomas normally present at a late stage with leukocoria 
or ‘amaurotic cat’s eye’, but earlier stages are seen if the fundus is 

Osseous choristoma (choroidal osteoma)

This is a very rare benign tumour that affects young women and is 
sometimes bilateral.40 It is a slightly elevated lesion with well-
defined borders situated at the posterior pole or near the optic disc. 
Ultrasonography reveals a strongly reflective lesion, owing to bone 
formation, and very marked acoustic shadowing (Fig. 47.43). Con-
fusion with drusen may arise, but the clinical features should indi-
cate the true nature of the lesion.

Choroidal haemangioma

This is a rare congenital tumour usually presenting in adults and 
often associated with cutaneous angiomas or the Sturge–Weber 

Figure 47.42 Choroidal metastasis.

Figure 47.43 Osseous choristoma (arrow).

Figure 47.44 Choroidal haemangioma. Colour Doppler scan 
showing choroidal haemangioma.

Lesions simulating melanoma

• Metastatic carcinoma.
• Choroidal haemangioma.
• Choroidal naevus.
• Disciform lesion.
• Choroidal haemorrhage.
• Other rarer tumours.
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Figure 47.47 Retrolental fibroplasia with retinal loop (arrow).

Causes of leukocoria

• Retinoblastoma.
• Coats’ disease.
• Retinopathy of prematurity.
• Persistent hyperplastic primary vitreous.
• Toxocariasis.

Figure 47.46 Coats’ disease with retinal detachment and 
subretinal exudate. (Courtesy of H. Atta.)

being kept under observation in an at-risk patient. The endophytic 
varieties of tumour project from the retina into the vitreous cavity 
as a white or pinkish mass, and are sharply demarcated in the pres-
ence of secondary calcification. Several tumours may be present in 
one eye, from seedling deposits. The exophytic tumours grow in 
the subretinal space, causing a total retinal detachment. Ultrasound 
reveals the hidden tumour in this situation.

When scanning retinoblastoma, the tumour may be seen to be 
localised in one area of the globe, or it may be more extensive, 
showing confluent, random reflections even at low gain settings 
(Fig. 47.45). Calcium deposits may be present and are seen as highly 
reflective foci; they may be a helpful aid to diagnosis. The tumour 
outline is often irregular, and the appearance of some cystic lesions 
has been likened to blood clot. It is important to recognise invasion 
of the optic nerve, a long segment of which must be excised when 
the eye is enucleated. However, MRI more clearly demonstrates 
extraocular and optic nerve involvement, and is essential to show 
central nervous system spread or pineal involvement. Optic nerve 
involvement beyond the point of surgical transection is associated 
with a 65% mortality rate, but if the nerve is uninvolved the mortal-
ity rate is only about 8%.42

Differential diagnosis

When an infant or child presents with leukocoria, retinoblastoma 
is only one of several differential diagnoses to be considered. Coats’ 
disease is the most severe form of retinal telangiectasia, and is 
characterised by large areas of intraretinal and subretinal exudate, 
progressing to retinal detachment, subretinal mass and uveitis. The 
mass in Coats’ disease typically gives rise to lower-amplitude 
echoes than retinoblastoma (Fig. 47.46). The condition is uni-ocular 
and is commoner in boys. Although it presents in the first decade 
of life it usually presents at a later age than does retinoblastoma.

An opaque mass covering the posterior lens surface sometimes 
occurs in retrolental fibroplasia (Fig. 47.47). However, this is usually 
bilateral and associated with a history of prematurity and oxygen 
therapy. It is usually seen in normal or larger than normal sized 
eyes, and neovascularisation from the retinal periphery results in 
fibrotic changes in the anterior vitreous.

Toxocariasis, an infestation caused by ingestion of the intestinal 
roundworm of cats and dogs, may result in larvae travelling in the 

Figure 47.45 Retinoblastoma (arrow) containing calcified areas.

bloodstream to the eyes. Young children who eat dirt or who are 
in close contact with puppies are at the greatest risk of contracting 
the disease. In ocular toxocariasis the commonest lesions are chronic 
endophthalmitis, a peripheral granuloma and a posterior pole gran-
uloma. The latter is usually between one and two disc diameters  
in size.

Persistent hyperplastic primary vitreous is the most serious 
developmental disorder of the vitreous: it is caused by failure of 
regression of the primary vitreous and typically occurs in a micro-
phthalmic eye. 
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Trauma
Ultrasound evaluation of the ocular contents is the best practicable 
method of examining the eye following major ocular trauma, as 
direct vision is frequently hampered by opaque media. Early assess-
ment of intraocular damage enables vitrectomy and other micro-
surgical techniques to be carried out before chronic internal 
structural changes develop.1

Blunt ocular trauma causes compression of the anteroposterior 
diameter of the eye and corresponding expansion of the equatorial 
plane. The differential elasticity of the vitreous gel causes traction 
at the posterior aspect of the vitreous base, producing a retinal tear 
(dialysis). Traumatic dialyses occur in any quadrant, but are more 
common in the upper nasal quadrant. Many cases of trauma occur 
in young patients with healthy vitreous gels, with the result that 
progression to retinal detachment is slow, taking several months. 
Blows to the lateral aspect of the orbit, which strike the eye just 
anterior to the lateral wall, may cause rupture of the globe.

Penetrating ocular trauma involving the posterior segment 
results in retinal detachment in about one-fifth of cases. The detach-
ment may be rhegmatogenous if the retina is breached by a foreign 
body, or tractional following vitreous incarceration in the wound.

Ultrasound findings

The lens structure is normally echo-free and therefore subluxation 
is difficult to evaluate. Complete dislocation is more easily demon-
strated, particularly if the lens is cataractous or if the complete lens 
lies within an area of vitreous haemorrhage (Fig. 47.48).

Haemorrhage in the vitreous compartment may be confined to 
the vitreous gel, the retrohyaloid space or both. Small haemor-
rhages are difficult to demonstrate, but larger bleeds are easy to 
detect and aid the delineation of lacunae, whose formation indicates 
impending posterior vitreous detachment. Dynamic scanning is 
important in the detection of vitreoretinal adhesions, which result 
in traction retinal detachment and must therefore be divided during 
vitrectomy (Fig. 47.49). If a post-traumatic retinal detachment is left 
untreated proliferative vitreoretinopathy develops, resulting in the 
formation of epiretinal membranes and the typical triangle sign on 
scanning. Penetrating injuries may cause vitreous incarceration at 
the point of injury. This results in incomplete posterior vitreous 
detachment with asymmetrical suspension of the gel (Fig. 47.50).

Figure 47.48 Displaced lens (arrow).

Figure 47.49 Traumatic vitreous haemorrhage and collapse, 
with lacuna, and vitreoretinal adhesion causing shallow traction 
retinal detachment (arrow).

Figure 47.50 Vitreous lacerated by shotgun pellet and 
incarcerated into retina (arrow).

Post-traumatic retinal holes are not usually detectable by ultra-
sound but occasionally giant tears and dialyses may be identified 
(Fig. 47.51). Subretinal haemorrhage is seen as high-amplitude 
mobile echoes in the subretinal space, associated with retinal 
detachment. Penetrating injury in the region of the pars plana  
sometimes results in traction between the gel incarcerated at the 
injury site and the vitreous base, causing the ora serrata to be  
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Figure 47.53 Phthisis bulbi with calcified debris (arrows).

Complications of trauma

• Hyphema.
• Cataract.
• Lens dislocation/rupture.
• Vitreous haemorrhage/track through vitreous.
• Vitreous incarceration.
• Retinal tear/dialysis.
• Posterior vitreous detachment.
• Retinal detachment.
• Haemorrhagic choroidal detachment.
• Scleral rupture.

pulled behind the lens. This is the so-called ‘pursestring’ retinal 
detachment, whose recognition is important so that surgical inci-
sion is not made into the subretinal space instead of the vitreous 
cavity.7

Rupture of the globe usually occurs in the equatorial region fol-
lowing an anterolateral blow (Fig. 47.52). Signs of rupture include 
distortion of the normal shape with loss of ocular volume, intravit-
real haemorrhage and intraocular air, particularly if there is com-
munication with an ethmoid sinus.

Figure 47.51 Direct blow causing extensive haemorrhage 
outlining lens, retinal dialysis (arrow) and rupture of globe at 
equator.

Figure 47.52 Direct blow causing intravitreal blood/fluid level, 
thickening of inner coats and rupture of globe (arrow).

Phthisis bulbi is an end-stage condition that follows trauma and 
ocular haemorrhage. The eye is blind, small, and contains extensive 
calcification (Fig. 47.53).

Foreign bodies

Small foreign bodies, for example metal or glass fragments travel-
ling at high speed, cause penetrating injuries with the object 
retained within the globe. Most foreign bodies within the eye are 
detectable with ultrasound, but if the object is made of soft material, 
such as wood or organic matter, identification may be difficult, 
particularly if it is surrounded by haemorrhage.

Hard materials such as metal, glass or stone are highly reflective 
and therefore easier to demonstrate (Fig. 47.54). Following penetra-
tion by a foreign body a track of haemorrhage may be seen crossing 
the vitreous, outlining the trajectory of the object and indicating its 
position (Fig. 47.55). Frequently, though, intragel haemorrhage 
obscures the pathway. The entry or exit sites of a foreign body may 
cause vitreous incarceration, and some penetrating eye injuries 
permit the entry of air into the globe. Small spheres of intragel gas 
show as highly reflective spots which may be confused with foreign 
bodies, but the latter are usually even more highly reflective, with 
clear acoustic shadowing (Fig. 47.56). Gas bubbles move or rise with 
eye movement, and are absorbed after a day or so. However, if any 
doubt exists CT usually clarifies the situation. Ultrasound is able to 
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Figure 47.54 Metallic foreign body (arrow).

Figure 47.55 Penetrating injury with intragel haemorrhage track 
(white arrow), and subvitreal haemorrhage (black arrow).

locate intraocular foreign bodies precisely prior to their removal, 
unless the object is very small and linear, when it may be difficult 
to align the beam perpendicular to the object’s long axis. Because 
some foreign bodies may be missed with ultrasound examination 
it is important also to use plain radiography and CT scanning43 but 
ultrasound is superior for the detection of associated intraocular 
abnormalities.

Biometry

Ocular measurements are carried out most accurately using 
A-scanning and a transducer of 10–20 MHz to ensure high resolu-
tion. A narrow beam is required as the lateral edges of a wide beam 
strike the curved walls of the posterior globe before the central area, 
resulting in an artefactually low measurement of axial length. Spe-
cially designed equipment is required for biometry. The most fre-
quent measurements required prior to cataract surgery are the axial 

Figure 47.56 Penetrating injury with intragel haemorrhage and 
air bubble (arrow).

Figure 47.57 A-scan of myopic eye with increased axial length. 
P, main pulse; C, cornea; L, lens; R, end wall echo.

length of the eye and the corneal curvature, to permit calculation 
of the optimum focal length for intraocular lens implants. A-mode 
systems are specifically designed for this, calculations being per-
formed by inbuilt computer software. The highly myopic eye has 
an elongated globe (pseudoproptosis), which may lead to unneces-
sary investigation for orbital tumour until the true nature of the 
problem is revealed by axial length measurement (Fig. 47.57). The 
measurement of axial length is also useful in monitoring congenital 
glaucoma and myopia. Other clinical measurements can be made, 
for example the thickness of the cornea, retina, choroid or sclera, 
and the size of intraocular tumours. Either contact or immersion 
techniques may be used. In the waterbath technique (for example 
with a small contact lens waterbath or scleral shell) the probe is 
5–10 mm away from the cornea. This avoids the drawback of the 
contact method, which includes compression of the globe and 
masking of the corneal echo (see Fig. 47.6).
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Figure 47.58 Horizontal 
section through eye and 
orbit.

Medial check
ligament

Medial rectus

Optic nerve

Orbital fat

Fascial sheath
of  eyeball

Lateral check
ligament

Fascial sheath
(Tenon’s capsule)

Fascial sheath
of  muscle

Lateral rectus

to the orbit horizontally, and interpretation is easier. A vertical 
scanning plane is used to examine the upper anterior orbit and 
inferior rectus muscle, but although modern probes may be angled 
in an oblique plane for examination of the lacrimal fossa, this area 
is more easily demonstrated on MRI.

Anatomy and ultrasound features

Situated behind the orbital septum, the orbit is a pear-shaped bony 
cavity whose stalk is the optic nerve passing through the optic 
canal. The medial walls of the orbits are parallel to each other and 
the floors nearly horizontal, but the lateral walls form a 90° angle 
with each other. The roof is gently concave and slopes down to the 
apex. The orbital opening is slightly smaller than the widest orbital 
diameter, which is situated 1 cm behind, providing the space for 
the equator of the eyeball.44,45

The orbital contents
The orbit contains the eyeball, the nerves to it (including the optic 
nerve in its bed of fat), the extrinsic muscles that move it, and the 
nerves and vessels that supply them (Fig. 47.58). The two eyeballs 
face forwards, parallel with each other. The optic nerve and ocular 
muscles pass anterolaterally from the apex of the orbit to their 
ocular attachments. The four recti arise from a tendinous ring at the 
apex, and broaden out to form a cone of muscles around the eyeball. 
Within this cone lies the fat surrounding the optic nerve, which is 
highly reflective and forms a triangular mass traversed by the 
poorly reflective optic nerve. The intraorbital part of the optic nerve 
is 25 mm in length, which is longer than the distance between the 
back of the globe to the optic foramen (18 mm). The globe may 
therefore be displaced forward without stretching the optic nerve, 
which is freely mobile with movement of the eye. Careful position-
ing of the probe enables the whole length of the intraorbital part of 
the nerve to be visualised, but in other scanning planes the nerve 
may be sectioned as an oval.

The orbital muscles
The ocular muscles are seen as thin, poorly reflective straps (Fig. 
47.59). Their tendons are narrow anteriorly, with a more fusiform 

THE ORBIT

Introduction

MRI and CT of the retrobulbar structures have several advantages 
over ultrasound, including high-resolution images with thin sec-
tions, magnification techniques, and the capability for image recon-
struction in multiple planes. These modalities demonstrate lesions 
in the posterior and apical parts of the orbit, the adjacent sinuses 
and intracranial structures. For these reasons MRI or CT are now 
the methods of choice in investigating orbital disease. Their disad-
vantages include the delivery of a radiation dose to the eye with 
CT; subtle lesions of the optic nerve are missed; and the examina-
tion may be time-consuming. Ultrasound has the advantage of 
rapidity and accessibility and, with its ability to identify the orbital 
walls, optic nerve, extraocular muscles and orbital masses, it is a 
useful first-line investigation in proptosis.

The aims of orbital ultrasound are the demonstration of an orbital 
lesion and determination of its position within the orbit. The patho-
logical nature of the lesion may be less easy to predict as many ultra-
sound features are non-specific; the clinical history must therefore be 
taken into account. A history of other primary malignancy raises the 
possibility of an orbital metastasis, whereas concomitant thyroid 
disease suggests thyroid ophthalmopathy. A gradually developing 
proptosis is suggestive of a slowly growing benign tumour.

The contact method is suitable for orbital scanning and, for good 
penetration of the sound beam, frequencies between 5 and 10 MHz 
are needed. A horizontal scanning plane is more readily carried out 
than a vertical plane, because of the better access of the sound beam 

Indications for orbital ultrasound

• Exophthalmos.
• Enophthalmos.
• Globe displacement.
• Lid abnormalities.
• Diplopia.
• Vascular lesions.
• Optic disc swelling.
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Figure 47.59 Normal orbit, with medial rectus and lateral rectus 
(arrow).

Figure 47.60 Thyroid ophthalmopathy, enlarged belly of inferior 
rectus (arrow).

myositis, dacryoadenitis, periscleritis, perineuritis and orbital 
pseudo-tumour. In the latter, involvement of the orbital fat pre-
dominates, causing a mottled appearance on scanning. The disease 
affects any or all of the soft tissue components of the orbit in any 
age group, but the majority are middle-aged individuals. Onset is 
usually acute, unilateral, and mimics the presence of an orbital 
tumour with proptosis, hence the term ‘pseudo-tumour’. Some-
times the presence of a discrete inflammatory mass makes differen-
tiation from a true neoplasm difficult, but pseudo-tumour usually 
responds well to steroid therapy. The ultrasound appearance of the 
mass is a poorly reflective lesion with features similar to those of a 
metastasis or lymphoma deposit but pseudo-tumour attenuates the 
sound more strongly (Fig. 47.61). Oedema of orbital fat may be 
present and myositis may be seen as enlargement of the whole of 
an extraocular muscle, including the origin and insertion, which 
differs from the selective muscle belly enlargement of thyroid  
ophthalmopathy. Oedema in the retrobulbar fascia (Tenon’s  
capsule) tracks along the optic nerve sheath to form the ‘T’ sign (Fig. 
47.62). In children about one-third of idiopathic pseudo-tumours 
are bilateral but in adults bilateral involvement raises the  
suspicion of systemic disease, for example lymphoma, sarcoidosis,  
Wegener’s granulomatosis, or one of a range of autoimmune dis-
eases. Chronic cases of inflammatory orbital disease develop a firm, 
fibrous stroma which replaces the orbital fat, termed sclerosing 
orbital pseudo-tumour.

Varices
The diagnosis of orbital varices is made by colour Doppler or by 
observing expansion of the blood-filled spaces while the jugular 
veins are compressed. This technique enables differentiation from 
orbital cysts, but the diagnosis is often made clinically from the sign 
of intermittent exophthalmos.

Arteriovenous fistula
These may develop spontaneously or after head injury, and are 
often not diagnosed clinically unless large. Carotico-cavernous 
sinus fistula and dural cavernous arteriovenous malformations are 

shape to the muscle belly and tapering posteriorly into the orbital 
apex. The medial and lateral recti are readily seen in the horizontal 
plane but vertical sections are required to visualise the superior and 
inferior muscles. The inferior oblique muscle lies inferior to the 
globe and is seen immediately behind it, below the macula. The 
superior oblique is in the upper, medial orbit and has a similar 
appearance to the recti.

The levator palpebrae superior muscle arises at the apex of the 
orbit from the roof. The thick frontal nerve lies along its upper 
surface. The anterior end of the muscle forms a ribbon-like tendon 
which is inserted into the superior tarsal plate, the skin of the upper 
lid and the conjunctiva.

Pathology

Thyroid ophthalmopathy
Most patients with Graves’ disease develop changes of thyroid 
ophthalmopathy at some stage, but only 3–5% develop the sight-
threatening complication of optic neuropathy, which is caused by 
compression of the optic nerve by the enlarged extraocular muscles. 
The preferred method of examination is orbital ultrasound, which 
is rapid, accurate and may be used harmlessly for follow-up. All 
the extraocular muscles may be enlarged, but the severity of 
involvement can be assessed by ultrasound measurements of 
medial rectus width,46 which correlates well with CT measure-
ments. Ultrasound measurements are made from horizontal scans 
as the subject maintains forward gaze. The upper limit of normal 
for the medial rectus width is 4 mm. Typically enlargement mainly 
affects the muscle belly, with lesser involvement of the muscle 
origin and insertion. Patients with ophthalmoplegia but a normal 
medial rectus width require assessment of the inferior rectus, which 
is sometimes selectively enlarged (Fig. 47.60). This muscle is more 
difficult to image with ultrasound and may require MR for ade-
quate assessment.

Other features of thyroid ophthalmopathy include increased 
orbital fat and orbital oedema. The latter is seen as echo-poor areas 
within the orbital fat, sometimes with echo-free spaces, there may 
also be fluid within Tenon’s capsule.

Inflammatory orbital disease (pseudo-tumour)
Inflammatory orbital disease is the name given to a group of rela-
tively rare, idiopathic non-neoplastic orbital lesions, including 
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Figure 47.63 Orbital haemangioma (arrows). A: Vertical scan. B: Colour Doppler scan.

A B

readily diagnosed and monitored by colour Doppler. The superior 
ophthalmic vein conveys blood from the orbit posteriorly to the 
cavernous sinus. However, with both carotico-cavernous and dural 
cavernous fistulae arterial blood enters the cavernous sinus and 
blood flow in the superior ophthalmic vein is reversed or arterial-
ised, resulting in proptosis with dilated conjunctival vessels. The 
dural fistula is a low-flow condition and colour Doppler may be the 
only investigation required if symptoms are mild, and can also be 
used to assess progression. The carotid fistula is a high-flow lesion 
and orbital haemodynamics can be assessed by colour Doppler 
prior to CT or MR angiography; colour Doppler can also be used 
to assess the results of therapeutic embolisation.

Orbital tumours
The ultrasound findings in a wide range of orbital malignancies are 
very similar. Unless there are clear indications in the clinical history 
as to the likely nature of the tumour the ultrasound report may have 
to be confined to a description of the topographical features of the 
lesion, and a comment on the possibility of malignancy. The dem-
onstration of a poorly reflective, irregular orbital mass with good 
penetration of the sound beam is a strong indication of orbital 
malignancy. However, these features are not pathognomonic, as 
some types of pseudo-tumour and other inflammatory lesions have 
similar features.

Orbital haemangioma

Cavernous haemangioma is the commonest benign orbital tumour 
in adults, occurring most frequently in the second to fifth decades 
of life, and is characterised clinically by a slowly progressive uni-
lateral proptosis. The lesions consist of dilated endothelium-lined 
vascular channels surrounded by a fibrous pseudocapsule. The 
majority are located within the muscle cone and may occasionally 
compress the optic nerve but cause little proptosis.

The ultrasound appearance is that of a mass of medium to strong 
reflectivity with little attenuation. Doppler examination is fre-
quently negative owing to very slow blood flow within the vascular 
spaces. Occasionally calcified phleboliths are seen.

In infancy, orbital haemangiomas are of the capillary type, 
usually presenting in the anterior orbit at birth or soon afterwards. 
They undergo periods of growth, then stabilisation and eventual 
regression, usually at about 5 years of age. Ultrasonically the lesion 
is less reflective than the cavernous type, because of the small vas-
cular channels and scant stroma (Fig. 47.63). The prominent arterial 
supply to the lesion gives rise to good perfusion and Doppler exam-
ination usually confirms the vascular nature of the lesion.

Figure 47.61 Pseudo-tumour, orbital mass.

Figure 47.62 Fluid in Tenon’s capsule, ‘T’ sign (arrow).
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Figure 47.64 Orbital rhabdomyosarcoma.

Figure 47.65 Orbital lymphoma. A: Lymphoma (arrows) cupping the globe. B: Lymphoma (arrow) affecting lacrimal gland. Oblique scan 
plane.

A B

Rhabdomyosarcoma

This is the commonest primary malignant orbital tumour of child-
hood. Presentation is usually around the age of 7 years, with  
a rapidly progressive proptosis. The tumour arises from an extraoc-
ular muscle and may involve any part of the orbit, but usually 
occurs in the superonasal quadrant and appears on ultrasound as 
a poorly reflective mass (Fig. 47.64). Metastatic neuroblastoma 
should be considered as a differential diagnosis.

Lymphoproliferative disorders

These conditions usually affect patients over the age of 60 years. 
They may occur in any part of the orbit, are sometimes bilateral, 

and occasionally exclusively involve the lacrimal gland. Orbital 
lymphoma is usually of the non-Hodgkin’s type and appears on 
ultrasound as an elongated oval mass, with few internal echoes and 
good acoustic transmission, or as a mass cupping the back of the 
globe (Fig. 47.65). Histological studies usually make a distinction 
between malignant lymphomas and inflammatory conditions but 
there is also an intermediate group, some of which have a benign 
outcome and resolve with steroid therapy, whereas others develop 
systemic lymphoma several years later. Thorough systemic evalu-
ation is therefore necessary in all patients with both benign and 
malignant lymphoid lesions of the orbit. Ultrasound-guided biopsy 
is useful for the accurate retrieval of lymphoma tissue, and serial 
scans are helpful to demonstrate the response to therapy.

Metastases

Orbital metastases occur in about 40% of children with neuroblas-
toma. Presentation is usually with rapid-onset proptosis and depos-
its may be bilateral. Ewing’s sarcoma of bone, Wilms’ tumour and 
leukaemia also give rise to orbital deposits.

In adults orbital metastases most commonly arise from primaries 
in the bronchus, breast, prostate, kidney and gastrointestinal tract 
(Fig. 47.66). Orbital invasion may also occur from adjacent malig-
nancy in the paranasal sinuses (Fig. 47.67).

Optic nerve tumours

Neurilemmoma

Usually arising in the superior orbit, these rounded masses are 
sometimes echo-free or may contain low- to medium-amplitude 
echoes. They transmit sound less well than do cavernous haeman-
giomas (Fig. 47.68).

Glioma

This is a benign congenital hamartoma which presents between the 
ages of 4 and 8 years with visual loss and proptosis. Over half of 
these patients have neurofibromatosis. On ultrasound a fusiform or 
irregular expansion of the optic nerve is demonstrated, but MRI 
and CT are better at showing extension into the optic canal. The  
lesion is poorly reflective and shows poor acoustic transmission. 
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Figure 47.68 Orbital neurilemmoma (arrow).

Figure 47.66 Orbital metastasis (arrow).

Figure 47.67 Antral carcinoma invading orbital floor (arrow) and 
elevating inferior rectus.

Neurofibromas of the optic nerve also occur in patients with 
neurofibromatosis.

Meningioma

Optic nerve sheath meningiomas arise from arachnoid villi and 
present with unilateral slowly developing impairment of vision. 
This results from optic nerve compression as the tumour grows 
within the dural sheath. When the tumour enlarges and ruptures 
through the dura it forms an intraconal mass, resulting in proptosis. 
Ultrasound shows a diffuse or focal broadening of the optic nerve, 

sometimes giving rise to high-amplitude echoes. Meningiomas are 
invasive tumours, typically affecting middle-aged women. They 
also arise ‘en plaque’ in the greater and lesser wings of the sphe-
noid, and involve the orbit secondarily.

REFERENCES
1. Passani F, Barco L, Venturi G. Pre-vitrectomy examination of the 

traumatised eye. In: Hillman JS, LeMay MM, editors. Ophthalmic 
ultrasonography. The Hague: Martinus Nijhoff; 1983. p. 121–125.

2. Restori M, McLeod D. Ultrasound in pre-vitrectomy assessment. Trans 
Ophthalmol Soc UK 1977;97:232–234.

3. Fielding JA. Ocular ultrasound. Clin Radiol 1996;51:533–544.
4. McLeod D, Restori M, Wright JE. Rapid B-scanning of the vitreous.  

Br J Ophthalmol 1977;61:437–445.
5. Fielding JA. Imaging the eye with ultrasound. MD thesis, University 

of Liverpool, 1993.
6. Munk PL, Vellet AD, Lin DT-C, et al. Ultrasonographic findings in the 

anterior segment of the eye obtained with a non-dedicated unit. Can 
Assoc Radiol J 1992;43:425–430.

7. McLeod D, Restori M. Rapid B-scanning in ophthalmology. In: Barnett 
E, Morley P, editors. Clinical diagnostic ultrasound. Oxford: Blackwell 
Scientific; 1985. p. 111–120.

8. Horrocks M. The evaluation of extra-cranial cerebrovascular disease 
using Doppler ultrasound. MS thesis, University of London, 1982.

9. Brockenborough EC. Screening for the prevention of stroke: use of a 
Doppler flowmeter. Washington/Alaska Regional Medical Program; 
1969.

10. Wong D, Restori M. Ultrasonic Doppler studies of the vitreous. Eye 
1988;2:87–91.

11. Canning CR, Restori M. Doppler ultrasound studies of the ophthalmic 
artery. Eye 1988;2:92–95.

12. Williamson TH, Baxter GM, Dutton GN. Colour Doppler velocimetry 
of the optic nerve head in arterial occlusion. Ophthalmology 
1993;100:312–317.

13. Baxter GM, Williamson TH. Colour Doppler flow imaging in central 
retinal vein occlusion: a new diagnostic technique? Radiology 
1993;187:847–850.

14. Wong AD, Cooperberg PL, Ross WH, et al. Differentiation of detached 
retina and vitreous membrane with color flow Doppler. Radiology 
1991;178:429–431.

15. Pavlin CJ, Easterbrook M, Harasiewicz K, et al. An ultrasound 
biomicroscopic analysis of angle-closure glaucoma secondary to 



CHAPTER 47 • The eye and orbit

964

33. Fuller DG, Snyder WB, Hutton WL, Vaiser A. Ultrasonographic 
features of choroidal malignant melanomas. Arch Ophthalmol 
1979;97:1465–1472.

34. Roxburgh STD, LeMay M, Lee WR. The role of ultrasound in the 
investigation and management of suspected ocular melanoma. 
Proceedings of SIDUO VII. Documenta Ophthalmologica Proceedings 
Series 1980. The Hague: W Junk; 1980.

35. Lemke A-J, Hosten N, Richter M, et al. Contrast-enhanced colour 
Doppler sonography of uveal melanomas. J Clin Ultrasound 
2001;29:205–211.

36. Recsan Z, Karlinger K, Fodor M, et al. MRI for the evaluation of 
scleral invasion and extrascleral extension of uveal melanomas. Clin 
Radiol 2002;57:371–376.

37. Romero JM, Finger, PT, Rosen RB, Iezzi R. Three-dimensional 
ultrasound for the measurement of choroidal melanomas. Arch 
Ophthalmol 2001;119:1275–1282.

38. Mewis L, Young SE. Breast carcinoma metastatic to the choroid 
– analysis of 67 patients. Ophthalmology 1982;89:147–151.

39. Stephens RF, Shields JA. Diagnosis and management of cancer 
metastatic to the uvea: a study of 70 cases. Ophthalmology 
1979;86:1336–1349.

40. Cunha S L. Osseous choristoma of the choroid. Arch Ophthalmol 
1984;102:1052–1054.

41. Harbour JW. What is the best treatment for retinoblastoma? Am J 
Ophthalmol 2004;138:471–473.

42. de Graaf P, Barkhof F, Moll AC. Retinoblastoma: MR imaging 
parameters in detection of tumour extent. Radiology 2005;235:1 
97–207.

43. Fielding JA. The assessment of ocular injury by ultrasound.  
Clin Radiol 2004;59:301–312.

44. Aviv RI, Casselman J. Orbital imaging: Part 1. Normal anatomy.  
Clin Radiol 2005;60:279–287.

45. Aviv RI, Miszkiel K. Orbital imaging: Part 2. Intraorbital pathology. 
Clin Radiol 2005;60:288–307.

46. Given-Wilson R, Pope RM, Michell MJ, et al. The use of real-time 
orbital ultrasound in Graves’ ophthalmopathy: a comparison with 
computed tomography. Br J Radiol 1989;62:705–709.

ciliochoroidal effusion in IgA nephropathy. Am J Ophthalmol 
1993;116:341–345.

16. Finger PT. 3 Dimensional ultrasound of the eye. In: Byrne SF, Green 
RL, editors. Ultrasound of the eye and orbit. St Louis: Mosby; 2002.  
p. 236–243.

17. Foulds WS. Aetiology of retinal detachment. Trans Ophthalmol Soc 
UK 1975;95:118–128.

18. Schepens CL, Marden S. Data on the natural history of retinal 
detachment. Am J Ophthalmol 1966;61:213–226.

19. Kanski JJ. Retinal detachment. In: Kanski JJ, ed. Clinical 
ophthalmology, 6th edn. London: Butterworth Heinemann; 2007.  
p. 695–733.

20. Frank RN. On the pathogenesis of diabetic retinopathy. 
Ophthalmology 1984;91:626–634.

21. Kenyon KR, Maumenee AE, Ryan SJ, et al. Diffuse drusen and 
associated complications. Am J Ophthalmol 1985;100:119–128.

22. Ishibashi T, Patterson R, Oshnishi Y, et al. Formation of drusen in the 
human eye. Am J Ophthalmol 1986;101:342–353.

23. Smitty WE, Fine SL. Prognosis in patients with bilateral macular 
drusen. Ophthalmology 1984;91:271–277.

24. Forrester JV, Lee WR, Williamson J. The pathology of vitreous 
haemorrhage. Arch Ophthalmol 1978;95:703–710.

25. Hayreh SS, Podhaysky P. Ocular neovascularisation with retinal 
vascular occlusion. Arch Ophthalmol 1982;100:1585–1596.

26. Jakobiec FA, Levinson AW. Choroidal melanoma: aetiology and 
diagnosis. Clinical Modules for Ophthalmologists 1985;3:Module 5.

27. Gass JDM. Problems in the differential diagnosis of choroidal naevi 
and malignant melanomas. Am J Ophthalmol 1977;83:299–323.

28. Hungerford JL. Current trends in the treatment of ocular melanoma by 
radiotherapy. Clin Exp Ophthalmol 2003;31:8–13.

29. Damato B, Jones A. Uveal melanoma: resection techniques. Opthalmol 
Clin N Am 2005;18:119–128.

30. Collaborative ocular melanoma study group. The CMOS randomised 
trial of Iodine-125 brachytherapy for choroidal melanoma III. Initial 
mortality findings. CMOS Report No. 18. Arch Opthalmol 
2001;119:969–982.

31. Baum G. Ultrasonic characteristics of malignant melanoma. Arch 
Ophthalmol 1967;78:12–15.

32. Coleman DJ, Abramson DH, Jack RL, Franzen LA. Ultrasonic 
diagnosis of tumours of the choroid. Arch Ophthalmol 
1974;91:344–354.



965

48 
CHAPTER

Carotids, vertebrals and TCD 
(transcranial Doppler)

INTRODUCTION  965

INDICATIONS FOR CAROTID AND VERTEBRAL ARTERY 
ULTRASOUND  965
Ischaemic symptoms  965
Atypical symptoms  966
Post-endarterectomy follow-up  966
Pulsatile neck masses  966
Carotid trauma and dissection  966
Epidemiological studies  966
Vertebral arteries  966

ANATOMY  966
The carotid arteries  966
The vertebral arteries  967

TECHNIQUE  967
The carotid arteries  967
The vertebral arteries  969

NORMAL AND ABNORMAL FINDINGS  969
Doppler criteria  969
Direct measurement  971
Plaque characteristics  972
Carotid occlusion  973
Carotid dissection  974
Pulsatile cervical masses  974

Aneurysms  974
Carotid body tumours  974

Carotid stents  974
The vertebral arteries  975

TRANSCRANIAL DOPPLER ULTRASOUND  976
Anatomy  976
Examination technique  977

The transtemporal window  977
The suboccipital window  977
The transorbital window  977

Transcranial pulsed Doppler  978
Examination technique  978

Applications  979
Cerebral perfusion reserve  979
Emboli counting  979
Patient monitoring  980
Ischaemic stroke  980
Subarachnoid haemorrhage  982
Aneurysms and arteriovenous malformations  982

Other applications  982

INTRODUCTION

One of the earliest clinical applications for Doppler ultrasound was 
the assessment of flow in the carotid arteries, and over the years 
much work has been done in this area. Ultrasound is now the initial 
investigation for many patients with possible carotid artery disease; 
it is non-invasive, relatively cheap, and fast and accurate in experi-
enced hands, to the extent that it may be the only imaging modality 
that is required in many cases, including prior to endarterectomy.

INDICATIONS FOR CAROTID AND 
VERTEBRAL ARTERY ULTRASOUND

The main indications for carotid and vertebral artery ultrasound are 
to detect vascular abnormalities that may be giving rise to neuro-
logical symptoms. If a vascular abnormality, such as a significant 
stenosis, is demonstrated on ultrasound, then consideration can be 
given as to how the patient might be treated.

Ischaemic symptoms

The main symptoms of ischaemia are transient ischaemic attacks, 
minor strokes and amaurosis fugax. Transient ischaemic attacks 
(TIA) resolve within 24 hours, whereas strokes persist for more than 
24 hours. The MRC European Carotid Surgery Trial (ECST)1 and 
the North American Symptomatic Carotid Endarterectomy Trial 
(NASCET)2 reported their results in 1991; both showed a definite 
benefit for patients with severe symptomatic carotid stenosis who 
underwent surgery. The European study showed that the risk of 
death or stroke related to surgery was 7.5%, but thereafter the risk 
of ipsilateral stroke in the surgical group was only 2.8%, compared 
to 16.8% for those managed conservatively. The North American 
study reported similar levels of benefit for surgery, although it 
should be noted that the two studies used different criteria for 
assessing stenoses on arteriograms: a European stenosis of 70% 
represents the same degree of stenosis as a NASCET measurement 
of 50%.3 The European study also showed that there was no benefit 
for surgery in patients with a mild stenosis of less than 30% diam-
eter reduction, and subsequent analysis of the ECST data showed 
that surgery conferred no benefit in symptomatic patients with a 
stenosis between 30% and 69% diameter reduction.4 A Cochrane 
Review of the value of carotid endarterectomy for symptomatic 
carotid stenosis concluded that surgery was of benefit for patients 
with severe stenosis (ECST >80% or NASCET >70%) and reduced 
the relative risk of disabling stroke or death by 48%, with the 
number of patients needing to be treated to prevent a disabling 
stroke or death over 2–6 years of follow-up being 15. In cases with 
less severe stenosis (ECST 70–79%; NASCET 50–69%), there was 
still a benefit from surgery, with a reduction of 27% in the relative 
risk and a number needed to treat (NNT) of 21. These results were 
only applicable to surgically fit patients being operated upon in 
units with a surgical complication rate of <6%.5

A completed stroke does not normally warrant a carotid ultra-
sound examination, as endarterectomy will not be offered to the 
patient unless they make a good recovery. Occasionally younger 
patients with mild, resolving strokes will be offered surgery to 
reduce the risk of a subsequent, more severely disabling stroke.

The situation regarding asymptomatic bruits and the value of 
surgery is less clear cut. The Asymptomatic Carotid Artery Surgery 
Trial showed that there was only a 5% benefit for patients undergo-
ing surgery who had an asymptomatic stenosis of more than 60% 
diameter reduction, and this only if the surgical centre had a peri-
operative morbidity/mortality rate of less than 3%.6 A Cochrane 
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in patient selection is required, but an ultrasound examination will 
provide a rapid assessment of the carotid arteries so that these can 
be ruled out as the source of the symptoms, or carotid disease identi-
fied as the cause.

Post-endarterectomy follow-up

The complications that may follow endarterectomy can be divided 
into three groups based on the timing in relation to surgery:
1. early occlusion in the first 24–48 hours postoperatively
2. stenosis developing over a period of 12–18 months as a result 

of neointimal hyperplasia
3. development of a stenosis over several years as a result of 

atheromatous disease progression.
Colour Doppler ultrasound provides a rapid and straightforward 

method for diagnosis of these complications. Routine postoperative 
screening of asymptomatic patients is not justified by the low diag-
nostic yield15 and increased costs16 but symptomatic patients should 
be assessed with ultrasound.

Pulsatile neck masses

There is a variety of causes of a pulsatile neck mass. They include 
tortuous or ectatic carotid arteries, aneurysm of the carotid artery, 
carotid bifurcation tumours and enlarged lymph nodes. Their 
nature can be rapidly clarified using colour Doppler ultrasound.

Carotid trauma and dissection

Dissection of a carotid artery may occur spontaneously as a result 
of atheroma; it may result from the extension of an aortic dissection; 
it can occur following hyperextension neck injuries, or as a result 
of iatrogenic injury following carotid catheterisation. In patients 
who do not require immediate treatment ultrasound provides a 
rapid assessment of the integrity and patency of the vessels.

Epidemiological studies

The carotids are superficial arteries that can be examined with high-
resolution ultrasound. Although atheroma affects different arteries 
to a variable extent, changes of atheroma in the carotids will reflect 
the overall tendency to arteriopathy, so that they can be used as a 
guide to the presence and severity of atheromatous disease in an 
individual. An increased intima–media thickness has been shown 
to correlate with a higher incidence of coronary artery disease and 
stroke.17–19

Vertebral arteries

The vertebral arteries are not normally examined in isolation from 
the carotids, but occasionally they are the main focus of the exami-
nation, especially if the ischaemic symptoms relate to the posterior 
fossa or posterior cerebral artery territory, or with symptoms fol-
lowing cervical trauma.

ANATOMY

The carotid arteries

The common carotid artery on each side divides into the internal 
and external carotid arteries at the carotid bifurcation: this is usually 
at the level of the upper border of the laryngeal cartilage, but may 
vary considerably up or down the neck. The internal carotid artery 
is usually posterior to the external carotid artery and tends to lie a 

Review of carotid endarterectomy for asymptomatic carotid steno-
sis noted that there is only an annual risk of unheralded stroke of 
1–3% in these patients but endarterectomy resulted in a 30% reduc-
tion in the risk of stroke over 3 years. However, the absolute risk 
reduction following surgery works out at only about 1%. These 
limited benefits were only relevant if the surgical complication risk 
is less than 3%.7 The American Academy of Neurology has pub-
lished recommendations relating to the role of carotid endarterec-
tomy, which are based on these findings from the major trials.8

Several studies have looked at the role of carotid ultrasound in 
the management of patients with asymptomatic bruits for predict-
ing subsequent strokes, and the results show that ultrasound 
confers no significant advantage in relation to predicting subse-
quent strokes related to the stenotic artery,9–12 although the presence 
of the bruit is a sign of significant atherosclerosis.

The value of ultrasound in the assessment of patients with 
asymptomatic bruits will therefore depend on local clinical policy: 
if surgery will be offered to those with a stenosis greater than  
60% diameter reduction, then carotid ultrasound is justified; if 
surgery is not to be offered there seems little point in performing 
ultrasound.

Atheroma is a generalised process and patients scheduled for 
surgery for vascular disease of the peripheral or coronary arteries, 
aortic aneurysm and other vascular disorders might be considered 
to be at risk from associated carotid disease. In the absence of a bruit 
or symptoms of carotid disease it is unlikely that they will have a 
significant stenosis and a carotid study is not indicated. If a bruit is 
present but the patient is asymptomatic it has been shown that there 
is no increase in risk, even if there is a haemodynamically signifi-
cant stenosis,13 although symptomatic patients with a significant 
stenosis should be considered for a staged, or simultaneous, endar-
terectomy if they are shown to have a stenosis of greater than 70% 
diameter reduction. However, this decision will depend on the rela-
tive urgency of the primary condition, and many centres, while 
taking note of the carotid disease, will proceed with the primary 
operation and consider subsequent endarterectomy in symptomatic 
patients. A review of carotid artery disease and stroke during coro-
nary artery bypass surgery14 noted that the overall risk of stroke 
following surgery was 2% and this figure had remained unchanged 
over the thirty years from 1970 to 2000. The review concluded that 
even assuming that prophylactic endarterectomy carried no addi-
tional risk, it could only ever prevent 40–50% of this small number 
of procedural strokes. The authors also noted that there is increas-
ing evidence that atheroma in the ascending aorta is likely to be 
implicated in up to 60% of strokes related to coronary artery surgery.

Atypical symptoms

Occasionally patients may present with an unusual symptom 
complex which may or may not be due to carotid atheroma. Discretion 

Indications for carotid and vertebral artery ultrasound

• Transient ischaemic attacks (TIA).
• Mild resolving strokes in younger patients.
• High-risk patients prior to surgery.
• Atypical, non-focal symptoms which may have a vascular 

aetiology.
• Post-endarterectomy.
• Pulsatile neck masses.
• Trauma or dissection.
• Screening for disease.
• Posterior fossa ischaemic symptoms.
• Vertebral artery trauma.
• Subclavian steal syndrome.
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triangle. Some patients may find this position uncomfortable; some-
times it may impair cerebral circulation, and a suitable compromise 
position must then be sought. The highest-frequency transducer 
consistent with adequate penetration is used; this is normally a 
7–10 MHz linear transducer although with modern equipment a 
10–14 MHz transducer may provide satisfactory images. Scanning 
transversely up the neck from the sternoclavicular joint to the angle 
of the mandible from an anterolateral approach will locate the 
common carotid artery and identify the level of the bifurcation in 
the majority of patients. In patients with a high bifurcation it may 
be necessary to try a variety of scan planes and head positions to 
locate it: sometimes a posterior approach under the mastoid process 
is required. Areas of major calcified plaque may be identified on 
this initial scan.

Following the greyscale examination, colour Doppler is activated 
and the vessel examined again from the lower neck to the highest 
level visible. Colour Doppler will highlight areas of abnormal flow 
which require further assessment and which subsequently need to 
be examined with spectral Doppler in order to quantify the degree 
of stenosis. Colour Doppler also facilitates a quick assessment of 
normal flow in the artery, including the normal region of reversed 
flow in the carotid bulb (Fig. 48.1), thereby minimising the time 
required for the examination.

little lateral to it.20 The carotid bulb is seen at the origin of the inter-
nal carotid artery, and the lower cervical branches of the external 
carotid artery can sometimes be identified; the superior thyroid, 
ascending pharyngeal and lingual arteries may all arise from the 
external carotid artery, below, or around the level of the angle of the 
mandible.

The origins of the two common carotid arteries are different. On 
the right side the common carotid artery arises from the brachio-
cephalic (innominate) artery behind the sternoclavicular joint, 
where it can usually be examined using ultrasound. The left 
common carotid artery, on the other hand, arises directly from the 
aortic arch in the vast majority of patients, and its origin thus lies 
too deep in the mediastinum to be seen with ultrasound.

The vertebral arteries

The vertebral arteries arise from their respective subclavian arteries 
behind the medial end of the clavicle. They run backwards and 
upwards to enter the vertebral canal between the lateral masses of 
the cervical vertebrae, usually at the level of C6. They then run up 
the vertebral canal to the level of C2, where they exit and wind 
around the lateral masses of the atlas, to enter the skull through the 
foramen magnum. They then join together in front of the brainstem 
to form the basilar artery.21

There may be natural variation in the relative sizes of the verte-
bral arteries and hence their contribution to basilar artery flow; 
when there is a disparity of size the left artery is usually the larger 
of the two, and in 7–10% of individuals there are significant seg-
ments of hypoplasia, which result in the artery not being visible.22

TECHNIQUE

The carotid arteries

The patient lies supine, or may be semi-supine, with a pillow  
under the shoulders to extend the neck; the chin is turned slightly 
away from the side being examined in order to open up the anterior 

Figure 48.1 Carotid bifurcation. Longitudinal view of the carotid bifurcation showing the external carotid artery (ECA) with a branch 
artery at the top and the internal carotid artery (ICA) at the bottom with the carotid bulb showing normal reversed flow. A: Normal ICA 
waveform showing more marked diastolic flow compared to the ECA. B: Normal ECA waveform with prominent dicrotic notch and lower 
diastolic flow. Tapping on the superficial temporal artery as it passes over the zygoma produces the fluctuations in flow seen in the left 
portion of the Doppler spectral display.

A B

Technique

• Patient’s neck is extended and chin turned away a little from the 
side being examined.

• Transverse scan up along the common carotid artery to above 
the carotid bifurcation.

• Identify positively the ICA and the ECA.
• If there is no significant disease take spectral Doppler velocity 

measurements from CCA, ICA and ECA.
• If significant disease is present make additional peak velocity 

measurements from area of disease.
• Longitudinal scan to assess vertebral artery.
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reversal of flow in the ophthalmic artery, confirming the severity of 
the carotid stenosis (see ‘The transorbital window’ section below). 
In these cases it is important to scan the ophthalmic artery at the 
apex of the orbit, rather than the retinal artery immediately behind 
the eyeball, as flow in the latter will always be outwards.

With regard to the wall of the carotid artery the intimal line is 
best demonstrated when the ultrasound beam is orthogonal to the 
wall of the artery in a longitudinal plane; it is better seen on the far 
wall. If the intima–media thickness is to be measured, the image of 
the chosen area is magnified fully and the cursors placed on the 
luminal margin of the inner line and the inner margin of the outer 
line. Normal values are less than 0.8 mm (Fig. 48.2), but it should 
be remembered that these increase slowly with age.24,25

Figure 48.2 Intima–media thickness. A: Normal IMT measured at 0.6 mm. B: Thickened IMT measuring 1.7 mm.

A B

Identification of the external and internal carotid arteries

The external carotid artery
1. Lower cervical branches may be seen.
2. Lies more anteriorly and more medially.
3. Waveform characteristics:

high resistance pattern with relatively little diastolic flow
appears more pulsatile on colour Doppler (flashes on and off)
dicrotic notch is more prominent.

4. Positive ‘temporal tap’ can be induced in the spectral display.

The internal carotid artery
1. The other branch of the bifurcation.
2. Localised widening of the bulb at the origin.
3. Posterior position and course angled posteriorly.
4. Less pulsatile waveform on colour Doppler with relatively high 

diastolic flow (waxes and wanes).

Spectral Doppler is used to assess any areas of abnormal flow and 
to quantify the degree of stenosis. The sample volume is placed in 
the area of maximum colour change and the position of the 
maximum shift is located by visual assessment of the spectral 
display and by listening for the point of highest shift (not the 
loudest signal). If no areas of abnormal flow or significant disease 
are demonstrated it is customary to take velocity measurements 
from the common, internal and external carotid arteries, ensuring 
that the sample volume is positioned in the central portion of the 
vessel to reduce spectral broadening from the normal layer of dis-
turbed flow adjacent to the vessel wall, and ‘wall thump’ from the 
vessel wall itself.

The bifurcation may be difficult to locate in some patients, in 
which case transverse scanning with colour or power Doppler may 
allow the two main branches to be identified as they leave the 
bifurcation.

It is important that the two branches of the bifurcation are identi-
fied correctly, so that any changes arising from disease are ascribed 
to the correct vessel. This is particularly important in the presence 
of moderate or marked disease which may make it difficult to dis-
tinguish between the two branches (Fig. 48.1). It is important to 
remember that the presence of significant disease alters the wave-
form criteria, which makes them less valuable for distinguishing 
between the internal and external carotid arteries, especially if there 
is ‘internalisation’ of the external carotid artery flow as a result of 
external–internal carotid artery collaterals. In these circumstances 
the ‘temporal tap’ manoeuvre is of value: tapping the superficial 
temporal artery as it passes over the zygomatic process will induce 
fluctuations in the spectral display of the external carotid artery but 
only minimal or no change in that of the internal carotid artery.23 
The need to assess flow in the ophthalmic arteries is less nowadays, 
as colour and power Doppler have improved the assessment of 
carotid stenosis and occlusion. However, if there is doubt as to 
whether a stenosis is significant, scanning the orbit may show 
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of the aortic valve is more prominent in the external carotid wave-
form (Fig. 48.1B). Flow in the normal carotid arteries shows no 
significant turbulence except in the carotid bulb, and therefore there 
is a clear window under the waveform. In the normal vessels stand-
ard peak systolic velocity measurements are taken from the common 
carotid artery 2–3 cm below the bifurcation, from the internal 
carotid artery 2–3 cm above the level of the bulb (in order to allow 
the normal turbulence from the bulb to dissipate), and from the 
external carotid artery 1–2 cm above the bifurcation.

In patients with disease, Doppler waveforms are obtained from 
the areas of maximum velocity, as shown by colour Doppler (Fig. 
48.4). The final position of the sample volume is determined by the 
sound of the Doppler shift as well as by the image on the screen. 
In the absence of colour Doppler it is necessary to reduce the size 
of the sample volume and move it slowly around the area of the 
stenosis until the maximum shift is seen on the screen and heard 
from the speakers, although the latter scenario is now very rare.

A variety of velocity measurements and ratios can be obtained 
from spectral Doppler. The most useful in practice are the peak 
systolic velocity (PSV), the end-diastolic velocity (EDV) and the 
ratio of the peak systolic velocities in the internal and common 
carotid arteries (IC/CC systolic ratio). The exact values for defining 
normality and the different degrees of stenosis quoted in the litera-
ture vary significantly; for instance, a 70% diameter reduction has 
been associated with peak systolic velocities of 1.3 m/s by one26 and 
2.25 m/s by another.27 This emphasises the point that precise values 
vary from centre to centre and depend on a variety of factors, 
including the type of equipment and the specific technique 
employed. It is therefore important that each centre audits its 
results so as to define the values that work for it.

The values used by the author are shown in Table 48.1 and are 
based on those reported by Robinson et al.27 and a consensus state-
ment from the Society of Radiologists in Ultrasound.28 It is impor-
tant to remember that the peak systolic and diastolic values refer 
only to the internal carotid artery, not to the common or external 
carotids. It should also be borne in mind that physiological varia-
tions due to heart rate, cardiac output and contralateral stenosis or 
occlusion may affect the velocities in a vessel, potentially leading 
to a false diagnosis of a pathologically high velocity; these cases 
should be clarified by the use of the velocity ratios, as a general 
increase in velocity will affect flow in both the internal and common 
carotid arteries, whereas local internal carotid artery disease will 
produce a high velocity only at the site of the disease.

The vertebral arteries

The vertebral arteries are located by scanning longitudinally over 
the common carotid artery on each side and locating the vertebral 
bodies. The scan plane is then rotated laterally until the gaps 
between the lateral masses of the cervical vertebrae are identified; 
the vertebral artery and vein should be visible within the vertebral 
artery canal through these gaps (Fig. 48.3A). Should this fail, the 
artery can be sought low in the neck between the vertebral column 
and the subclavian artery, or high in the posterior neck as it passes 
around the lateral mass of the atlas. If subclavian steal is suspected 
it is important to ensure that the colour polarity is appropriately set 
up; in doubtful cases reversal of flow may be provoked by asking 
the patient to perform some arm muscle work or by inducing reac-
tive hyperaemia in the arm muscles by occluding the brachial artery 
with a blood pressure cuff for 2–3 minutes, then releasing the  
cuff and seeing if this unmasks a potential steal phenomenon  
(Fig. 48.3B).

NORMAL AND ABNORMAL FINDINGS

Colour Doppler enables the normal flow patterns in the vessel to 
be identified quickly. The colour may vary with the cardiac cycle 
but there should be no areas of persistent abnormal colour change, 
the presence of which indicates turbulence or an abnormal velocity, 
and that there is disease in the vessel. There are two main ways to 
quantify the severity of disease: indirectly through measurement of 
velocities and velocity changes in the area of the stenosis, or by 
direct visualisation and measurement of the stenosis itself.

Doppler criteria

The waveforms obtained from the normal internal and external 
carotid arteries have characteristic features. The internal carotid 
artery supplies the relatively low-resistance capillary bed of the 
cerebral circulation, and therefore there is flow throughout the 
cardiac cycle with appreciable end-diastolic flow (see Fig. 48.1A). 
The external carotid artery supplies the tissues of the face and scalp, 
which have a higher resistance, and there is therefore minimal or 
absent diastolic flow; in addition, the dicrotic notch from the closure 

Figure 48.3 Vertebral artery. A: The vertebral artery is seen behind the acoustic shadow from the transverse process of a cervical 
vertebra. B: Reversed flow in a vertebral artery which is seen between the shadows from the cervical transverse processes.

A B
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Figure 48.5 Severe internal carotid artery stenosis. A: Colour and spectral Doppler of a critical ICA stenosis (>90% diameter 
stenosis). The colour Doppler image shows a very narrow residual lumen; the spectral display shows low-velocity flow with a peak systolic 
velocity of 0.25 m/s. B: Severe stenosis with a tortuous ‘string’ lumen demonstrated on power Doppler.

A B

Figure 48.4 Carotid stenosis. A: Colour and spectral Doppler of an ICA stenosis. The colour image shows narrowing of the lumen and 
aliasing of the colour signal. The spectral display shows high-velocity (PSV 2.66 m/s, EDV 0.85 m/s), turbulent flow. B: A more severe, 
longer ICA stenosis with turbulent, high velocity flow (PSV 3.4 m/s, EDV 1.45 m/s).

A B

Table 48.1 Diagnostic criteria for Doppler diagnosis of 
stenoses of 50% and 70% (data from Robinson et al.27 and 
Grant et al.28)

Diameter 
stenosis

Peak systolic 
velocity ICA 
(m/s)

End-diastolic 
velocity ICA 
(m/s)

IC/CC 
systolic 
ratio

50% >1.25 >0.4 >2
70% >2.3 >1.0 >4

At very severe degrees of stenosis (greater than 90% diameter 
reduction) the velocity of blood flowing through the stenotic area 
decreases.29 In addition, the residual lumen is very narrow, so that 
only a small volume of blood can pass through it, resulting in a 
relatively weak signal which is lower in velocity than might be 
expected (Fig. 48.5A). It is therefore essential that the ultrasound 
system is set to detect these low-velocity low-intensity signals,30 or 
a false diagnosis of occlusion may be made and the patient may be 
denied surgery. The advent of power Doppler (Fig. 48.5B) and echo-
enhancing agents has further improved the ability to detect these 
difficult but important lesions with ultrasound.31,32
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be taken into account (Fig. 48.7A). The area reduction measurement 
takes a little longer but takes better account of the effects of asym-
metrical plaques (Fig. 48.7B). It is important to define the technique 
used when reporting results, as a 50% diameter reduction corre-
sponds to a 70% area reduction and there is therefore the potential 
for significant misunderstanding. Colour and power Doppler allow 
better assessment of the boundaries of the residual lumen, but care 
must be taken to ensure that they are set up appropriately so that 
a distinction between peripheral poorly reflective plaque and inad-
equate colour fill can be made; conversely, excessive colour gain 
will result in bleeding of the colour signal beyond the true lumen.

In the presence of calcified plaque or severe disease, the vessel 
lumen may not be seen sufficiently clearly to allow direct measure-
ment, and the severity of the stenosis must be assessed using 
Doppler velocity criteria as described earlier.

Provided attention is paid to careful technique, ultrasound has 
proved accurate for the diagnosis of significant stenoses and occlu-
sions. One report reviewed 16 spectral Doppler studies with 2146 
Doppler/arteriogram comparisons:35 duplex Doppler had an 
overall sensitivity of 96%, specificity of 86%, positive predictive 

The waveform obtained from any point in the carotid depends 
not only on local factors such as plaques and stenoses, but also on 
conditions at sites remote from the point of measurement. Proximal 
disease, including aortic valve abnormalities33,34 (Fig. 48.6) or carotid 
origin stenoses, will affect the waveform; similarly significant distal 
disease in the carotid siphon can lead to increased pulsatility at 
proximal sites. Severe stenosis or occlusion of the contralateral 
carotid artery results in an increased velocity of flow in the remain-
ing carotid, and physiological factors such as tachycardia may also 
produce waveform changes.

Direct measurement

If the lumen in the diseased arterial segment can be clearly seen 
then its calibre may be measured directly and compared to the 
original calibre of the vessel. Either a diameter reduction or an area 
reduction can be measured. The diameter reduction is a little 
simpler and quicker but it is necessary also to examine the vessel 
transversely, so that any asymmetrical distribution of plaque can 

Figure 48.6 Aortic valve disease. A: Common carotid artery (CCA) waveform in a patient with severe aortic valve regurgitation showing 
reversed diastolic flow. B: CCA waveform in a patient with aortic valve stenosis showing slowed systolic acceleration.

A B

Figure 48.7 Stenosis measurement. A: Measurement of a stenosis using a diameter reduction ratio gives a value of 55% diameter 
reduction. B: Measurement of the same stenosis using the area reduction method gives a value of 75% area reduction.

A B
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suggestion that the softer, more friable lipid-rich plaques are  
more likely to suffer disruption than the firmer, more fibrotic and 
coherent types.

Plaques may undergo a variety of complications. Haemorrhage 
can occur into the plaque, leading to a sudden increase in size; the 
surface may be disrupted, releasing plaque contents into the blood-
stream; the surface of the plaque can break down, producing an 
ulcer in the plaque (Fig. 48.9); and thrombus can form on this 

value of 89%, negative predictive value of 94% and accuracy of 91% 
for the diagnosis of a diameter stenosis greater than 50%. Further 
studies have confirmed the value of colour Doppler with similar or 
better levels of accuracy, and also its value in improving diagnostic 
confidence, clarifying difficult situations and reducing examination 
times.36 In particular, the difficult distinction between a critical ste-
nosis and a complete occlusion can be achieved in nearly all cases 
with the use of colour Doppler.37,38

Plaque characteristics

High-resolution imaging of the carotids allows an assessment of the 
characteristics of the plaques in the diseased areas, and a variety of 
classifications of plaque morphology have been proposed. Steffen 
and colleagues39 proposed a classification of four types and showed 
that symptoms relating to the diseased carotid artery were more 
common with the echo-poor types 1 and 2 (Fig. 48.8A), compared 
to the more reflective types 3 and 4 (Fig. 48.8B). This supports the 

Classification of plaque morphology (from Steffen et al.39)

Type 1: Predominately echo-poor plaques with a thin reflective cap.
Type 2: Substantially echo-poor lesions with small areas of increased 

reflectivity.
Type 3: Predominately reflective lesions with small area(s) of low 

reflectivity of less than 25%.
Type 4: Uniformly reflective lesions.

Figure 48.8 Plaques. A: A type 1 plaque with a thin reflective surface but no internal echoes (arrows). B: A type 4 plaque with a smooth 
surface and reflective internal echoes.

A B

Figure 48.9 An ulcerated plaque. A: Real-time image shows an irregular defect in a partly calcified plaque (arrows). B: Colour Doppler 
shows reversed flow within the defect.

A B
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at the bifurcation; the occluded artery may also be identified con-
taining some echoes from the luminal thrombus, especially if there 
is calcification in the vessel wall (Fig. 48.10). The waveform in the 
common carotid artery may show reduced or absent diastolic flow, 
as it now reflects the external carotid circulation with its high 
peripheral resistance. However, if there is significant collateral 
supply from the external carotid artery to the cerebral arteries 
through ophthalmic artery and meningeal artery anastomoses, then 
the external carotid artery waveform may show increased diastolic 
flow, sometimes called ‘internalisation’ of external carotid artery 
flow (Fig. 48.11), and care must be taken to ensure that the single 
branch at the bifurcation is accurately identified by observing 
branches or using the temporal tap technique.

Occlusion of the common carotid artery does not always result 
in occlusion of the internal carotid, as sufficient blood may be pro-
vided by retrograde flow down the ipsilateral external carotid 
artery to maintain the patency of the internal artery; this pattern of 

ulcerated surface, and may break off to embolise in distal arteries. 
Many attempts have been made to assess the ability of ultrasound 
to diagnose intraplaque haemorrhage or ulceration and to relate 
these to the risk of stroke; however, the results have not been clear 
and there is significant disagreement in the literature.40 The pres-
ence of echo-poor areas in a plaque may equally be due to haemor-
rhage or to aggregations of lipid. Similarly, an irregular surface on 
a plaque may be due to ulceration or simply to an irregular but 
intact surface. Some plaques are seen sufficiently clearly for ulcera-
tion or adherent thrombus to be identified, and these should be 
noted. In many examinations this will not be the case, but a smooth, 
homogeneous, predominantly highly reflective plaque is less likely 
to be associated with symptoms, whereas an irregular, heterogene-
ous or echo-poor lesion is of greater concern.41,42 In patients with 
more severe degrees of stenosis (>50% diameter reduction), these 
distinctions are more difficult to make but these larger plaques are 
more complex and their gross composition is similar, whether they 
are associated with symptoms, or not.43

An attempt has been made to standardise these descriptions for 
carotid disease in relation to ultrasound and other non-invasive 
modalities.44 This proposes that lesions be described in terms of the 
degree of stenosis, the morphological plaque components and  
the surface characteristics, where these can be clearly visualised. 
The suggested classification is given in Table 48.2. A lesion listed 
as H4, S2, P2 therefore represents one that is producing a stenosis 
of more than 80% diameter reduction (H4), which has an irregular 
surface (S2) and is heterogeneous (P2).

Carotid occlusion

The distinction between a very tight stenosis and an occluded artery 
is important, as the former is still a candidate for surgery whereas 
the latter is inoperable. It is therefore essential that the ultrasound 
system is set to look for any residual lumen at both high and low 
flow settings; echo-enhancing agents can be used if there is any 
persisting uncertainty. In addition, colour or power Doppler may 
show small external carotid artery branches close to the occluded 
internal carotid artery, which might lead to a mistaken impression 
of patency if they are not recognised.37,45

The most common situation is occlusion of an internal carotid 
artery with the external and common carotid arteries remaining 
patent. In this circumstance only a single patent branch is apparent 

Table 48.2 Classification of carotid plaques (from Thiele 
et al.44)

Haemodynamic classification

H1 0–20% diameter reduction Normal to mild
H2 20–60% diameter reduction Moderate
H3 60–80% diameter reduction Severe
H4 80–99% diameter reduction Critical
H5 Occluded

Morphological components

P1 Homogeneous
P2 Heterogeneous

Surface characteristics

S1 Smooth
S2 Irregular (defect <2 mm)
S3 Ulcerated (defect >2 mm)

Figure 48.10 Occlusion of the internal carotid artery. A: The waveform in the CCA shows high pulsatility with absence of diastolic 
flow. B: The ICA is shown to be occluded above the bifurcation (arrows).

A B
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Carotid body tumours
Carotid body tumours arise at the bifurcation and characteristically 
spread the two branches into a ‘wineglass’ configuration (Fig. 
48.14). Ultrasound shows a poorly reflective mass at the bifurcation 
and colour Doppler shows this to be a highly vascular lesion dis-
placing the internal and external carotid arteries. The external 
carotid usually shows a low-resistance pattern of flow on spectral 
Doppler.49

Carotid stents

Carotid stenting has become a recognised technique for treating 
clinically significant stenoses of the carotid arteries. As well as being 
of value in identifying and categorising patients prior to the proce-
dure, ultrasound also has a role in follow-up to identify post- 
procedural complications. The presence of the stent alters the 
characteristics and compliance of the arterial wall, so that the usual 
criteria for stenosis (Table 48.3) must be adapted for assessment of 
stenoses associated with stents. These modified criteria are still 
being developed but those suggested by Armstrong et al.50 cur-
rently seem to allow reasonable assessments to be made regarding 
stent stenoses and the need for further intervention (Table 48.3).

Complications relating to carotid stents include inadequate stent 
deployment with suboptimal expansion, or lack of apposition to the 
arterial wall, stent deformity, residual atheromatous stenosis above 
or below the stent, migration of the stent, development of stenosis 
in the stent as the result of myointimal hyperplasia, or thrombosis 
and occlusion. Ultrasound can identify these and, at present, most 
centres use ultrasound as part of a surveillance programme to 
follow up carotid stent procedures.

abnormal flow may be quite confusing if it is not recognised, but it 
is of clinical importance as these patients can still suffer ischaemic 
events in the relevant internal carotid artery territory.

Carotid dissection

Carotid artery dissection may result from a variety of causes. Spon-
taneous dissection may occur as a result of atheroma, or an aortic 
dissection may extend up the common carotid artery. Dissection 
may also occur following trauma, such as a hyperextension neck 
injury, or from iatrogenic damage at arteriography. The appear-
ances and findings on Doppler ultrasound are variable. The vessel 
may be occluded completely; it may show a smooth tapering steno-
sis, with or without a recognisable haematoma/thrombosed false 
lumen being visible (Fig. 48.12); or a membrane with a double 
lumen may be seen with variable Doppler flow patterns in the two 
channels.46 Recanalisation of the occluded vessel is a recognised 
occurrence and occurs in up to 60% of cases.47

Pulsatile cervical masses

The main causes of a pulsatile swelling in the neck are well shown 
with colour Doppler ultrasound. It allows rapid diagnosis of promi-
nent normal or ectatic arteries in the neck and supraclavicular 
region. Enlarged lymph nodes, or other cervical masses adjacent to  
the carotid artery, are also easily defined by ultrasound: careful 
palpation with the transducer and observation when the patient 
swallows will allow fixation to the carotid sheath to be assessed 
(Fig. 48.13).48

Aneurysms
Aneurysms of the carotid artery may result from atheroma and 
mural degeneration; they may also occur following trauma. The 
diagnosis is usually apparent on ultrasound, but some difficulty 
may be found in assessing the patency of the internal carotid artery 
above the aneurysm if this is not clearly visible; flow in the ipsilat-
eral ophthalmic artery is not necessarily evidence of patency, as this 
may come from collateral filling via the circle of Willis.

Figure 48.11 Internalisation of external carotid artery 
waveform. The ECA in a patient with ICA occlusion. A branch 
artery is present but there is increased diastolic flow.

Figure 48.12 Dissection. Colour and spectral Doppler of a 
dissection involving a common carotid artery. The colour Doppler 
shows aliasing of the colour signal in the area narrowed by the 
thrombosed false lumen posteriorly. The spectral display shows a 
significantly increased velocity in excess of 3.0 m/s.

Causes of pulsatile cervical masses

• Normal but prominent carotid artery and bulb.
• Ectatic carotid, innominate or subclavian artery.
• Enlarged lymph node adjacent to carotid sheath.
• Aneurysm of the carotid artery.
• Carotid body tumour.



Normal and abnormal findings

975

being examined. Alternatively, damping from significant disease 
affecting the proximal vertebral artery or subclavian artery may be 
seen (Fig. 48.15).21 The clinical significance of vertebral artery 
disease is less clear than in the carotids, as the basilar artery and 
posterior fossa circulation is supplied by the two vertebral arteries 
and from the circle of Willis, allowing compensatory flow in the 
presence of unilateral vertebral artery obstruction or stenosis.

The phenomenon of vertebral steal occurs when a severe proxi-
mal subclavian artery stenosis or occlusion is present and blood 
reaches the affected arm by passing down the ipsilateral vertebral 
artery from the posterior fossa circulation, which is being supplied 
from the other vertebral artery or the circle of Willis (see Fig. 48.3B). 
Reversed flow is seen in the affected vertebral artery on colour and 
spectral Doppler. A biphasic waveform may be seen in patients 
with a developing steal situation; in these cases exercising the  
relevant arm may increase blood flow and produce full reversal of 
flow in the vertebral artery. Alternatively, blowing up a blood pres-
sure cuff to occlude circulation to the arm for a couple of minutes 
then releasing it produces reactive hyperaemia which will also 
increase blood flow to the arm.

The vertebral arteries

The vertebral arteries are normally examined briefly to ascertain 
their patency and the direction of flow within them. A more detailed 
examination will be required in patients with symptoms related to 
the posterior cerebral circulation. Failure to visualise an artery in 
the vertebral canal, in the lower neck between the subclavian artery 
and the cervical spine, or behind the lateral mass of the atlas, may 
be due to occlusion or to congenital absence/hypoplasia. In some 
patients specific abnormalities of the waveform may be seen which 
are indicative of local disease in a vertebral artery. These include 
colour and spectral Doppler evidence of a stenosis in the segment 

Figure 48.13 Stenosis caused by a tumour. A: Enlarged cervical lymph nodes (LN) from oropharyngeal carcinoma compressing the 
internal jugular vein (IJV), which contains thrombus but not affecting the adjacent carotid artery (CCA). B: Colour Doppler showing nodes 
adjacent to the bifurcation but there is no evidence of arterial compression or invasion.

A B

Figure 48.14 Carotid body tumour. Transverse scan of the 
bifurcation in a patient with a carotid body tumour showing 
separation of the ICA and ECA by the poorly reflective tumour.

Table 48.3 Diagnostic criteria for Doppler diagnosis of 
carotid stent stenosis (reproduced with permission from 
Armstrong et al.50)

Diameter 
stenosis

Peak 
systolic 
velocity 
ICA (m/s)

End-
diastolic 
velocity 
ICA (m/s)

PSV 
systolic 
ratioa

50% >1.5 <1.25 >2
75% >3.0 >1.25 >4

aPSV ratio calculated from PSV in the stent stenosis compared with PSV 
in proximal stent, or CCA.
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prolong the examination and turn a completely non-invasive tech-
nique into a (slightly) more invasive one, so are best used in specific 
circumstances. These agents must be able to pass through the heart 
(without being altered by pressure changes) and lungs (<10 µm in 
diameter) to reach the cerebral circulation. Use of contrast agents 
improved vessel and tissue visualisation in about 70% of patients 
who had no visualisation of intracranial structures on non-contrast 
TCD, thus raising the success rate of colour TCD to 90% for all 
examinations.52

Anatomy

The internal carotid arteries (ICAs) enter the skull through the 
foramina lacera in the middle cranial fossae, passing up through 
the cavernous sinuses on each side of the sphenoid bone to divide 
on each side into the anterior and middle cerebral arteries. The 
anterior cerebral arteries (ACAs) pass forward and medially to the 
inter-hemispheric fissure, where they turn superiorly to run around 
the anterior aspect of the corpus callosum. The middle cerebral 
arteries (MCA) pass laterally into the sylvian fissure, where they 
turn posteriorly to pass in the fissure superiorly towards the pari-
etal region. The vertebral arteries (VAs) enter the skull through the 
foramen magnum and thereafter join with each other to form the 
basilar artery (BA) at the level of the lower pons. This runs up  
the anterior aspect of the pons to divide at the upper margin  
into the posterior cerebral arteries (PCAs). The PCAs pass laterally 
and posteriorly around the cerebral peduncles of the midbrain to 
supply the occipital lobes. The normal circle of Willis is completed 
by the anterior communicating artery (ACoA) linking the two 
ACAs, and the two posterior communicating arteries (PCoAs) 
linking the terminations of the ICAs with the PCAs. The complete, 
classic circle of Willis is present in only 50–60% of the population.57 
In the remainder there is a wide variation in the configuration and 
connections of the terminal branches of the four supply vessels. The 
most common variants are hypoplasia or absence of the proximal 
ACA on one side, the distal ACA’s territory being supplied from 
the opposite ICA via the ACoA (20%); and absence or hypoplasia 
of the proximal PCA, with the distal PCA being supplied from the 
ipsilateral ICA via the PCoA (30%).

Figure 48.15 Vertebral artery disease. A: Stenosis with turbulence at the origin of a vertebral artery. B: Damped flow in the cervical 
segment of the vertebral artery above the stenosis.

A B

TRANSCRANIAL DOPPLER ULTRASOUND

One of the first clinical applications of ultrasound in diagnosis was 
the assessment of midline intracranial structures using A-scan tech-
niques. More recently high quality imaging and Doppler studies 
have been obtained in neonates through the patent fontanelles, or 
through the relatively thin bone of the neonatal skull. In 1982 Aaslid 
et al.51 reported on the development of a pulsed Doppler technique 
which could obtain information on blood flow in the major intrac-
ranial vessels in adults, and since then the technique of pulsed 
transcranial Doppler (TCD) has been further developed. The tech-
nique provides useful information on the direction and velocity of 
blood flow and the changes that may occur with various physiologi-
cal, pharmacological or pathological conditions, including intraop-
erative and postoperative monitoring of patients undergoing 
carotid stenting or endarterectomy.

More recently, developments in system performance and trans-
ducer technology have enabled real-time colour transcranial 
Doppler examinations to be performed, thus allowing more precise 
localisation of blood flow information than has been possible with 
‘blind’ pulsed transcranial Doppler.52

TCD also has potential therapeutic applications in large artery 
ischaemic stroke. Ultrasound applied to a fluid causes formation of 
small bubbles which vibrate and enhance thrombus dissolution.53 
Following promising results in observational studies, the potential 
therapeutic effects of Doppler ultrasound for treatment of acute 
ischaemic stroke secondary to a large intracranial artery occlusion 
are now being evaluated in randomised trials (see below).54

The main problem in transcranial ultrasound techniques, particu-
larly in adults, remains the marked attenuation of sound by the 
bone of the skull vault. Not only is the sound strongly reflected at 
the soft tissue/bone interfaces as it enters and leaves the skull, but 
the multiple interfaces in the diploë also contribute to attenuation 
by scattering the sound.55 It has been shown that the degree of 
attenuation varies with age, sex and race, tending to be greater in 
older, female and black subjects and less marked in younger, male 
and white subjects.56

Echo contrast agents can be injected intravenously to help over-
come beam attenuation due to poor bone windows. However, these 
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owing to their small size or to congenital absence. The proximal and 
distal segments of the PCAs are also visible from the temporal 
approach as they pass around the lateral aspect of the cerebral 
peduncle to run posteriorly on the inferior aspect of the occipital 
lobe. The termination of the BA will also be seen in about 50% of 
subjects,61 more often with power Doppler.

The ICA can be examined in the axial plane by angling the probe 
inferiorly to locate it in the foramen lacerum, and then angling 
progressively more superiorly to follow the artery through the cav-
ernous sinus to its bifurcation. The termination of the ICA can also 
be visualised well by turning the transducer through 90° and scan-
ning the medial side of the middle cranial fossa. Because of the 
curves of the carotid siphon several scan planes will be required to 
image the ICA fully.

The suboccipital window
The suboccipital window is located by scanning in the midline 
posteriorly at the level of the hairline and angling the probe 
upwards towards the foramen magnum. The third part of the VA 
is identified running towards the foramen magnum and is followed 
superiorly. Visualisation may be improved by scanning just to the 
side of the midline, as the central ligaments are relatively dense. 
The VAs can be followed superiorly through the foramen: their 
junction to form the BA may be identified if this lies low enough in 
the posterior fossa.

The transorbital window
The transorbital window is used to direct the ultrasound beam 
upwards and medially towards the apex of the orbit; the ophthal-
mic artery (OA), the carotid siphon and the contralateral ACA can 
be examined. The power output is reduced to the minimum, the 
transducer is placed on the closed eyelid, and sterile aqueous gel is 
used, rather than ordinary ultrasound gel, as this is less irritant for 
the eye. It is less convenient for colour Doppler examinations as the 
transducers are relatively bulky, and the need for this approach is 
reduced as the ACAs can usually be seen on transtemporal scan-
ning. It is important that the flow in the OA is assessed close to the 
apex of the orbit, rather than immediately behind the eye, as flow 
in the retinal artery is always directed out towards the eye. The 
collaterals between the orbital branches of the external carotid cir-
culation and the OA lie in the mid and posterior orbit, and blood 

The main branches of the circle of Willis are divided into seg-
ments as listed in Table 48.4.58 These segments can be used for 
descriptive purposes when reporting changes in the vessels seen on 
ultrasound.

Examination technique

The three main ultrasonic access portals for examination of the 
intracranial vessels are the transtemporal window, the suboccipital 
window and the transorbital window. The transtemporal window 
is used for the circle of Willis and its major branches; the suboccipi-
tal window for the vertebral arteries and the lower basilar artery; 
and the transorbital window provides alternative access to the 
internal carotid, ophthalmic and anterior cerebral arteries.59 A low-
frequency (2 MHz) probe is used and the system is set for maximum 
sensitivity. Maximum power can be used through the transtempo-
ral window in adults but it is essential to reduce the power output 
to the minimum necessary for the orbital approach to avoid damage 
to the lens. In neonates the lowest practical power output should 
be used at all times, regardless of the approach window used.

The transtemporal window
The examination is best started with the transtemporal approach. 
The size of the window can vary considerably and some searching 
may be required to define the useful limits of the thinner segment. 
A generous application of gel is necessary to ensure good sound 
transmission, otherwise air pockets trapped in the subject’s hair will 
degrade the image. The transducer is placed on the side of the 
patient’s head in front of and above the external auditory meatus 
and a transverse (axial) scan of the brain obtained (Fig. 48.16). A 
satisfactory view of the brain on the greyscale image indicates that 
the bone window is good, and so the arteries should be visible 
unless pathological. Failure to identify the cerebral peduncles, per-
isellar region or third ventricle usually indicates an inadequate 
bone window. A completely impenetrable temporal bone window 
occurs in about 10% of subjects, most of them elderly. Colour or 
power Doppler will show the location of the major cerebral arteries; 
usually the ipsilateral MCA is the easiest to locate: this can then be 
followed back to the region of the circle of Willis and the other 
branches tracked from there. Some cranial and caudad angling of 
the probe may be required to follow the artery. It is usually not 
possible to get the full circle of Willis on a single scan plane as the 
components are at different levels. The direction of flow in the 
vessels is noted, particularly in the A1 segments of the ACAs, as 
these are a major collateral pathway. Power Doppler is more sensi-
tive for locating the arteries60 but gives no information on the direc-
tion of flow, spectral or colour Doppler being required to make this 
assessment (Fig. 48.17). The use of echo-enhancing agents improves 
visualisation significantly compared with colour or power 
Doppler.60 The three communicating arteries may not all be visible, 

Table 48.4 The segmental divisions of the major cerebral 
arteries (data from Day58)

A1 Horizontal segment of the anterior cerebral artery 
(pre-communicating artery)

A2 Segment of the anterior cerebral artery after the anterior 
communicating artery

M1 Horizontal segment of the middle cerebral artery
M2 Interior segment
M3 Opercular segment
P1 Peduncular segment of the posterior cerebral artery 

(pre-communicating artery)
P2 Ambient cistern segment of the artery (post-

communicating artery)

Figure 48.16 Transcranial image. Axial view of the normal brain 
through the temporal bone window. The face is to the left and 
occiput to the right. Note the brainstem (like a butterfly in the centre 
of the image) and third ventricle (midline bright echo to the left of 
the brainstem).
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should be reduced to the minimum necessary for an adequate 
examination so as to reduce the potential for damage to the lens of 
the eye. The vertebral arteries are located through the suboccipital 
approach at a depth of 40–70 mm. The origin of the basilar artery 
may be demonstrated a little deeper, at 70–80 mm, and traced as it 
passes anterior to the brainstem to a depth of 100 mm.

The normal intracranial arterial velocities depend on which 
artery is being insonated and the age of the patient.62 In general the 
MCA velocity is higher than that of the ACA, PCA, BA and ICA, 
in that order, and all decline with age (Table 48.5). The MCA veloci-
ties (peak or mean) should not differ by more than 20%, as a rule 
of thumb. Colour Doppler allows more accurate reading of velocity 
by adjusting for the angle of insonation.63

It should be recognised that, as with any ultrasound technique, 
what may look easy to the unschooled observer is not: there are 
numerous pitfalls and tricks to obtaining good results, which only 
come with practice. Operators must be highly motivated, experi-
enced and diligent in their attention to detail to obtain good results 
with any TCD technique.

passes through these to supply the circle of Willis through the 
ophthalmic artery if the ipsilateral ICA is occluded.

Transcranial pulsed Doppler

The original technique of transcranial Doppler using pulsed 
Doppler has been developed and refined over the years. If appro-
priate colour Doppler equipment is not available, or is impractical 
to use (as may be the case in the operating theatre, where space at 
the patient’s head is limited or prolonged monitoring is required), 
‘ordinary’ TCD still has a role to play.

Examination technique
Using the transtemporal window, the bifurcation of the ipsilateral 
ICA into the MCA and ACA can usually be detected at a depth of 
about 65 mm and is a useful landmark – the MCA flow is directed 
towards the probe and that of the ACA away from it. The MCA and 
ACA can then be followed by adjusting to lesser and greater depths, 
respectively. The MCA is identified to as shallow a depth as 35 mm 
(if it cannot be tracked this superficially, then the insonated artery 
is probably not the MCA). The ipsilateral ACA is located between 
65 and 75 mm deep, and by angling the probe more anteriorly than 
for the MCA. An arterial signal with flow directed away from the 
probe is demonstrated in the ACA in normal subjects. The patency 
of the ACA can be assessed by compressing the ipsilateral common 
carotid artery in the neck and the demonstration of flow reversal in 
the ACA. However, this is not recommended in patients suspected 
of having cerebrovascular disease, and is rarely necessary in any 
case. The PCA is identified by angling the probe posteriorly from 
the ICA bifurcation until a lower-velocity signal than that found in 
the MCA is detected directed towards the probe. This can usually 
only be tracked out to a depth of 55 mm, as at that point the PCA 
curves more deeply and posteriorly around the brainstem. The PCA 
can be tracked medially to the terminal basilar artery at around 
75 mm, where bidirectional flow indicates the basilar bifurcation 
into the PCAs, which are directed one towards and the other away 
from the probe. As with colour Doppler, small changes of probe 
angle are required to follow the paths of the arteries (Fig. 48.18).

The carotid siphon is identified through the transorbital approach 
at a depth of 55–70 mm. The direction of flow will depend on 
whether the lower part of the siphon is in the beam (when flow will 
be towards the transducer) or the upper segment (when flow will 
be away from the transducer). As with colour Doppler, the power 

Figure 48.18 Positioning of the probe and scan angles for 
pulsed TCD.

PCA

VA

ACA

ICA

MCA

Figure 48.17 Normal circle of Willis viewed axially through the temporal bone window. A: Power Doppler and B: colour Doppler 
imaging. Note that in A the continuity of the arteries is much clearer and smaller branches are more visible than in B.

A B
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imaging TCD include the assessment of cerebral perfusion reserve 
and emboli counting. In the latter case, the patient can be seated 
reading or watching television during the recording period which 
may last up to an hour, with the ultrasound probe fixed in place 
with the headband.

Cerebral perfusion reserve
Cerebral perfusion reserve assessment prior to carotid endarterec-
tomy looks at the ability of the cerebral vessels to dilate in response 
to a raised Pco2, which is achieved by patient breath-holding, CO2 
rebreathing or acetazolamide injection.64 Some vascular surgeons 
find this a useful technique but others find that it offers no great 
advantage. Some vascular surgeons find knowledge of the ade-
quacy of collateral pathways (in the ACoA or PCoA) useful in 
assessing the risk of carotid surgery (Fig. 48.19).

Emboli counting
Emboli counting65 has yet to find a place in clinical practice although 
it has been used as a surrogate outcome measure in secondary 
stroke prevention trials. It requires sensitive equipment, regular 
quality control, rigorous operator training and a lot of time in which 
both to collect and analyse the recordings and to develop the skills 
required to identify the characteristic embolic noises correctly (Fig. 
48.20). Although automated embolus detection systems have been 
developed they are not yet very reliable: review by an experienced 
operator to exclude artefacts and to detect small emboli is still 
required. At least 20 minutes (preferably 60 minutes) of recording 
time from both MCAs is required, with corresponding analysis 
time. Emboli produce a characteristic ‘popping’ noise superim-
posed on the Doppler audio signal, corresponding with a high-
intensity blip visible in the waveform. It has not yet proved possible 
to differentiate reliably between emboli of different sizes or compo-
sitions. Emboli are found in patients with a tight rather than a 
moderate carotid stenosis; they are more frequent before the start 
of aspirin treatment rather than after66 and they decline in frequency 
with time following a stroke, but the clinical value of these observa-
tions is not yet clear. Embolic signals are frequently found in 
patients with mechanical artificial heart valves, but these are now 
known to be due to air drawn out of solution by the vortex effect 
of the value opening and closing (Fig. 48.21), not to particulate 
matter.67 One clinical use of emboli detection is the diagnosis of a 
patent foramen ovale: microbubbles in agitated saline injected into 

Applications

Many of the original applications of pulsed TCD are more easily 
and efficiently performed with colour or power Doppler. This 
allows easier and more consistent identification of vessel segments 
and correction for angle of insonation, which may be useful if lon-
gitudinal studies are being undertaken, as the same segment of 
vessel can be located and assessed with greater certainty on sequen-
tial examinations. Power Doppler has better signal to noise ratio 
than frequency-based colour Doppler, has little dependence on the 
angle of insonation and is not subject to aliasing so is useful where 
increased sensitivity for detecting small vascular structures is 
required (such as detection of intracranial aneurysms or delineation 
of focal stenoses). Frequency-based colour Doppler is useful where 
directional information is important, such as determining the direc-
tion of flow in potential collateral intracranial arteries of the circle 
of Willis. Either Doppler imaging or spectral pulsed Doppler can 
be used for a range of tasks and applications. There is some varia-
tion between the different countries in the use of these techniques, 
and individual centres will have their own preference based on 
local expertise and equipment.

For many of these applications the location and accessibility of 
the patient will determine whether colour Doppler or pulsed TCD 
is used. For example, it is much more convenient to take a small 
pulsed TCD machine to the intensive therapy unit, into theatre or 
to an immobile ward patient than to move a larger colour Doppler 
system and, for the most part, pulsed TCD will give perfectly ade-
quate information on waveform and velocity – the probe can be 
mounted on the temporal bone window and held in place with a 
headband for continuous monitoring while the small machine foot-
print means that it is less likely to get in the way. The probes pro-
vided with large colour Doppler machines are generally not suitable 
for continuous monitoring, are heavy and uncomfortable to hold or 
to have placed against any of the bone windows for long. Circum-
stances in which pulsed TCD is used in preference to Doppler 

Table 48.5 Normal average peak and time-averaged mean 
flow velocity values (cm/s) for the main intracranial arteries 
in subjects aged 40–60 years. Details of values for other 
ages are given in references 61,62 and 63

Peak Range
Time-averaged 
mean Range

MCA 91 57–125 58 35–81
ACA 86 46–127 53 32–74
PCA 60 19–101 37 17–56

Applications of colour TCD imaging and pulsed TCD

• Identification of collateral pathways, occluded or stenosed 
arteries.

• Vasospasm complicating SAH.
• Patent foramen ovale detection.
• Brain death (not a medico legal requirement).
• Assessment of intracranial venous system.

Pulsed wave
• Monitoring during carotid surgery and in neuro-intensive care.
• Emboli detection.
• Assessment of cerebral perfusion reserve.

Colour Doppler
• Detection of intracranial aneurysms.
• Identification of feeder vessels to AVMs.

Figure 48.19 Posterior communicating artery. Large PCoA 
connecting the BA to the ICA in a patient with ipsilateral ICA 
occlusion in the neck. The flow in the PCoA was from BA to ICA.
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procedure, especially during shunt insertion and removal; these can 
be seen on the spectral trace as small, intensely reflective foci which, 
when multiple and occurring in rapid succession, sound rather like 
a Velcro fastening being undone. Particulate emboli produce a 
similar though generally louder noise, although it is not usually 
possible to distinguish between air and solid emboli. Occasional 
small air emboli may be accepted, but recurrent or showers of 
multiple emboli are a cause for concern. Postoperatively, cerebral 
blood flow can be monitored so that any significant reduction can 
be identified as soon as possible and remedial action taken.

Ischaemic stroke
Applications in major intracranial arterial occlusion in acute stroke 
(Fig. 48.22) can be identified using TCD, or with greater confidence 
using colour Doppler, and the response to therapy (e.g. recanalisa-
tion) can be monitored,69 although currently this is a research rather 
than a clinical application and the findings are still not routinely 
used for clinical management. The evidence to support the use of 
TCD in identifying acute arterial occlusion,52,70–72 assisting in deter-
mining prognosis,73 identifying intracranial stenoses, monitoring 
response to reperfusion therapy (either intravenous or through 
more interventional means)72,74 and therapeutically to enhance 
thrombus dissolution75 is accumulating.

Intracranial larger artery occlusion, such as of the MCA, can be 
identified with TCD with a typical sensitivity of 83% and specificity 
of 94% (without the use of contrast agents) compared with magnetic 
resonance angiography71 and of 100% when compared with intra-
arterial digital subtraction angiography.70 Persistent occlusion of 
the MCA main stem at 6 hours after stroke is associated with a poor 
prognosis compared with either no occlusion at presentation or 
with signs of early reperfusion.73

A classification system for documenting intracranial large artery 
occlusion and monitoring response to therapy on TCD has been 
adapted76 from similar classifications for intra-arterial angiography 
for diagnosing coronary artery and intracranial large artery occlu-
sion. The Thrombolysis in Brain Ischaemia (TIBI) classification for 
TCD uses flow signals (rather than angiographic appearance) to 
assign one of six categories of arterial status ranging from no flow, 
through minimal flow, blunted flow, dampened flow, stenotic to 
normal.74,76 This is a useful operational standard for diagnosing the 
status of intracranial large arteries in acute ischaemic stroke and 
monitoring the response to treatment.

Intracranial arterial stenoses can be readily identified with spec-
tral Doppler or colour TCD imaging (Fig. 48.23): these may be the 
cause of TIAs in patients in whom no arterial disease is present in 
the neck.52,72 In our predominantly white, northern European popu-
lation, intracranial stenoses are rare, but are said to be a common 
finding in patients with TIA and stroke in other populations,  
particularly Chinese Asians. Certainly it is worth looking for intrac-
ranial stenoses in patients with recurrent symptoms but no athero-
matous stenosis in the carotid arteries or more proximal source of 
embolus.

An exciting development with TCD is its potential therapeutic 
usefulness to enhance spontaneous and pharmacological throm-
bolysis.75 The main evidence to date comes from a trial in which 126 
patients who all received intravenous recombinant tissue plasmino-
gen activator (rt-PA) within 3 hours of acute ischaemic stroke were 
randomised to receive continuous TCD or placebo (probe placed on 
temporal bone window but not switched on) with the end point 
being blinded assessment of complete recanalisation or dramatic 
clinical recovery.75 Forty-nine per cent of TCD-treated and 30% of 
non-TCD-treated patients had early recanalisation or dramatic 
clinical recovery (p = 0.03), although there was no difference in 
functional outcome at 3 months. These early and encouraging 
results are now being tested in further randomised trials, in some 
cases with addition of ultrasound contrast agents to see  
whether this further enhances thrombus dissolution. However, it is 
as yet unclear whether the enhanced thrombus lysis with TCD in 

Figure 48.21 Embolic signals in the MCA in a patient with a 
mechanical artificial heart valve. Note the frequency of these signals, 
which were completely asymptomatic and are now known to be 
due to microbubbles.44

Figure 48.20 An embolus signal detected in the PCA.

an arm vein should be removed by the lungs and not enter the 
systemic side of the circulation, unless the foramen ovale (or another 
right-to-left shunt) is patent, in which case the characteristic embolic 
noises can be detected in the MCA.68

Patient monitoring
Pulsed TCD is used when a prolonged period of continuous moni-
toring is required, such as in neuro-intensive care or during neuro-
surgical or carotid arterial operations. The MCA is insonated and 
the probe fixed to the temporal region with a headband. In neuro-
intensive care pulsed TCD can be used as a surrogate measure of 
intracranial pressure (ICP) and cerebral blood flow. A fall in the 
diastolic velocity towards zero and an increase in pulsatility indi-
cates rising ICP. However, TCD is not much used in the UK for this 
purpose, direct ICP monitoring being more usual.

TCD is used by some vascular surgeons in the intraoperative 
monitoring of patients undergoing carotid endarterectomy. The 
effects of clamping the carotid can be monitored so that the need 
for a shunt can be assessed. Tiny air emboli are a feature of this 
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Figure 48.22 Power Doppler examination from right (A) and left (B) MCAs with corresponding angiography of right (C) and left (D) 
MCAs (performed within 30 minutes of the TCD). The left MCA is occluded near its origin and there are numerous dilated lenticulostriate 
arteries supplying collateral flow to the MCA territory: these are seen on TCD as pinpoints of colour in the absence of any clear MCA 
signal. Compare with right MCA signal in A.

B

A

C

D

Figure 48.23 Stenosis of the P2 segment of the PCA. A: Power Doppler image and B: velocity waveform showing increased velocity 
and turbulence. A ‘seagull’ noise was heard at the point of stenosis.

A B
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Aneurysms and arteriovenous malformations
Colour TCD imaging can identify intracranial aneurysms and 
feeder vessels to arteriovenous malformations. In preliminary 
studies colour TCD showed promise for aneurysm detection, but it 
is too early to say whether it could be used to identify either unrup-
tured (in asymptomatic people) or ruptured (in SAH patients) 
intracranial aneurysms reliably (Fig. 48.25).

Other applications

All forms of TCD are widely used in neuroscience research. Brain 
parenchymal imaging in adults can be performed with TCD: ischae-
mic and haemorrhagic strokes and brain tumours have been identi-
fied52 but in general for clinical practice CT and MRI are much better 
ways of imaging the parenchyma. TCD can be used to assess the 
intracranial veins and venous sinuses in suspected venous throm-
bosis.78 In sagittal sinus thrombosis, venous blood flow may be 
increased in veins running parallel to the MCA to reach the cavern-
ous sinus, bypassing the blocked sagittal sinus. A variety of abnor-
mal venous drainage patterns may be identified as blood attempts 
to exit the cranial cavity by alternative routes. However, the reliabil-
ity of this is still being evaluated. TCD can also be used to assess 
haemodynamic response to a range of stimuli (e.g. in the PCA to 

the presence of rt-PA comes at the cost of increased risk of haemor-
rhagic transformation of the infarct with consequent clinical dete-
rioration. Much larger trials are needed to clarify this before 
therapeutic TCD comes into routine use. Of course it is possible that 
therapeutic TCD could be used to enhance spontaneous thrombus 
lysis in patients who are not eligible for rt-PA or interventional 
neuroradiological thrombus extraction.

Subarachnoid haemorrhage
TCD is widely used to diagnose ischaemic neurological deficit after 
subarachnoid haemorrhage (SAH). The intracranial arterial blood 
velocities almost always rise following SAH, in keeping with the 
time course of angiographic vasospasm and, if severe, may result 
in focal neurological deficits or deteriorating conscious level.77 The 
diagnosis is made by excluding other causes of neurological dete-
rioration and by finding markedly elevated velocities on TCD. The 
increased velocity may be detected in all arteries or just one, but 
symptoms are usually associated with a marked increase in velocity, 
for example MCA mean velocities of 150 cm/s or more (Fig. 48.24). 
Several studies have attempted to predict which patients are likely 
to develop severe vasospasm, but although there are associations 
with blood load and the rate of rise of blood velocity over several 
days, none of these factors is specific.77

Figure 48.24 Vasospasm following subarachnoid haemorrhage. A: Velocity waveform from a patient with severe ischaemic 
neurological deficit. Note the gross elevation of blood velocity. B: Angiogram showing severe narrowing of the MCA.

A B

Figure 48.25 Posterior communicating artery aneurysm. A: Colour Doppler and B: power Doppler imaging of a large aneurysm 
arising at the origin of the posterior communicating artery. Again note the increased vessel visualisation with power Doppler. The swirling 
flow within the aneurysm is well seen with colour Doppler imaging.

A B
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flashing lights or the MCA to finger movement) to assess functional 
reserve – a sort of TCD equivalent of functional MRI.79

Brain death can be inferred from a change in the waveform from 
high diastolic flow to absent or reversed flow, indicating that the 
intracranial pressure and vascular resistance are greater than the 
mid/end-diastolic blood pressure; however, the TCD findings  
are not part of the criteria for the medicolegal establishment of  
brain death.

REFERENCES
1. European Carotid Surgery Triallists’ Collaborative Group (ECST). 

MRC European Carotid Surgery Trial: interim results for symptomatic 
patients with severe (70–99%) or with mild (0–29%) carotid stenosis. 
Lancet 1991;337:1235–1243.

2. North American Symptomatic Carotid Endarterectomy Trial 
Collaborators (NASCET). Beneficial effect of carotid endarterectomy in 
symptomatic patients with high grade carotid stenosis. N Engl J Med 
1991;325:445–453.

3. Rothwell PM, Gibson RT, Slattery J, et al. Equivalence of measurement 
in carotid stenosis. A comparison of three methods on 101 
angiograms. Stroke 1994;25:2435–2439.

4. The ECST Collaborative Group. Endarterectomy for moderate 
symptomatic carotid stenosis: interim results from the MRC European 
Carotid Surgery Trial. Lancet 1996;347:1591–1593.

5. Cina CS, Clase CM, Haynes RB. Carotid endarterectomy for 
symptomatic carotid stenosis. Cochrane Database of Systematic 
Reviews 1999, Issue 3. Art. No.: CD001081. DOI: 10.1002/14651858.
CD001081.

6. National Institute of Neurological Disorders and Stroke. Clinical 
advisory: carotid endarterectomy for patients with asymptomatic 
internal carotid artery stenosis. Stroke 1994;25:2523–2524.

7. Chambers BR, Donnan GA. Carotid endarterectomy for asymptomatic 
carotid stenosis. Cochrane Database of Systematic Reviews 2000, Issue 
1. Art. No.: CD001923. DOI: 10.1002/14651858.CD001923.pub2.

8. Chaturvedi S, Bruno A, Feasby T, et al. Carotid endarterectomy – an 
evidence-based review. Neurology 2005;65:794–801.

9. Wolf PA, Kannel WB, Sorlie P, McNamara P. Asymptomatic carotid 
bruit and risk of stroke. The Framingham study. JAMA 
1981;245:1442–1445.

10. Roederer GO, Langlois YE, Jager KA, et al. The natural history of 
carotid arterial disease in asymptomatic patients with cervical bruits. 
Stroke 1984;15:605–613.

11. Ford CS, Frye JL, Toole JF, Lefkowitz D. Asymptomatic carotid bruit 
and stenosis. A prospective follow-up study. Arch Neurol 
1986;43:219–222.

12. Rothwell PM, Slattery J, Warlow CP, on behalf of the European 
Carotid Surgery Triallists Collaborative Group. Risk of stroke in the 
distribution of an asymptomatic carotid artery. Lancet 
1995;345:209–212.

13. Ivey TD, Strandness DE, Williams DB, et al. Management of patients 
with carotid bruit undergoing cardiopulmonary bypass. J Thorac 
Cardiovasc Surg 1984;87:183–189.

14. Naylor AR, Mehta Z, Rothwell PM, Bell PRF. Carotid artery disease 
and stroke during coronary artery bypass: a critical review of the 
literature. Eur J Vasc Endovasc Surg 2002;23:283–294.

15. Naylor AR, Merrick MV, Sandercock PAG, et al. Serial imaging of the 
carotid bifurcation and cerebrovascular reserve after carotid 
endarterectomy. Br J Surg 1993;80:1278–1280.

16. Post PN, Kievit J, van Baalen JM, et al. Routine duplex surveillance 
does not improve the outcome after carotid endarterectomy: a decision 
and cost utility analysis. Stroke 2002;33:749–755.

17. de Groot E, van Leuven SI, Duivenvoorden R, et al. Measurement of 
carotid intima-media thickness to assess progression and regression of 
atherosclerosis. Nature Clin Pract Cardiovasc Med 2008;5:280–288.

18. Geroulakos G, O’Gorman DJ, Kalodiki E, et al. The carotid intima–
media thickness as a marker of severe symptomatic coronary artery 
disease. Eur Heart J 1994;15:781–185.

19. Hollander M, Hak AE, Koudstaal PJ, et al. Comparison between 
measures of athereosclerosis and risk of stroke. Stroke 
2003;34:2367–2372.

20. Trigaux JP, Delchambre F, Van Beers B. Anatomical variations of the 
carotid bifurcation: implications for digital subtraction angiography 
and ultrasound. Br J Radiol 1990;63:181–185.

21. Buckenham TM, Wright AR. Ultrasound of the extracranial vertebral 
artery. Br J Radiol 2004;77:15–20.



CHAPTER 48 • Carotids, vertebrals and TCD (transcranial Doppler)

984

66. Ries S, Schminke U, Daffertshofer M, et al. High intensity transient 
signals and carotid artery disease. Cerebrovasc Dis 1995;5:124–127.

67. Kaps M, Hansen J, Weiher M, et al. Clinically silent microemboli in 
patients with artificial prosthetic aortic valves are predominantly 
gaseous and not solid. Stroke 1997;28:322–325.

68. Anzola AP, Renaldini E, Magoni M, et al. Validation of transcranial 
Doppler sonography in the assessment of patent foremen ovale. 
Cerebrovasc Dis 1995;5:194–198.

69. Babikian VL. Transcranial Doppler evaluation in patients with 
ischaemic cerebrovascular disease. In: Babikian VL, Wechsler LR, 
editors. Transcranial Doppler ultrasonography. New York: Mosby 
Year Book; 1993. p. 87–103.

70. Chernyshev OY, Garami Z, Calleja S, et al. Yield and accuracy of 
urgent combined carotid/transcranial ultrasound testing in acute 
cerebral ischemia. Stroke 2005;36:32–37.

71. Demchuk AM, Christou I, Wein TH, et al. Accuracy and criteria for 
localizing arterial occlusion with transcranial Doppler. J Neuroimaging 
2000;10:1–12.

72. Egido JA, Sanchez C. Neurosonology in cerebral ischemia: future 
application of transcranial Doppler in acute stroke. Cerebrovasc Disc 
2001;11(Suppl. 1):15–19.

73. Allendoerfer J, Coertler M, von Reutern GM, for the Neurosonology in 
Acute Ischemic Stroke (NAIS) Study Group. Prognostic relevance of 
ultra-early Doppler sonography in acute ischaemic stroke: a 
prospective multicentre study. Lancet Neurol 2006;5:835–840.

74. Alexandrov AV. Ultrasound-enhanced thrombolysis for stroke: clinical 
significance. Eur J Ultrasound 2002;16:131–140.

75. Alexandrov AV, Molina CA, Grotta JC, et al. for the CLOTBUST 
investigators. Ultrasound-enhanced systemic thrombolysis for acute 
ischemic stroke. N Engl J Med 2004;351:21.

76. Demchuk AM, Burgin WS, Christou I, et al. Thrombolysis in brain 
ischemia (TIBI) transcranial flow grades predict clinical severity, early 
recovery, and mortality in patients treated with intravenous tissue 
plasminogen activator. Stroke 2001;32:89–93.

77. Sloan MA. Detection of vasospasm following subarachnoid 
haemorrhage. In: Babikian VL, Wechsler LR, editors. Transcranial 
Doppler ultrasonography. New York: Mosby Year Book; 1993.  
p. 105–127.

78. Wardlaw JM, Vaughan GT, Steers AJW, Sellar RJ. Transcranial doppler 
ultrasound findings in cerebral venous sinus thrombosis.  
J Neurosurg 1994;80:332–335.

79. Bragoni M, Caltagirone C, Troisi E, et al. Correlation of cerebral 
hemodynamic changes during mental activity and recovery after 
stroke. Neurology 2000;55:35–40.

49. Barry R, Pienaar A, Pienaar C. Duplex Doppler evaluation of 
suspected lesions at the carotid bifurcation. Ann Vasc Surg 
1993;7:140–144.

50. Armstrong PA, Bandyk DF, Johnson BL, et al. Duplex scan surveillance 
after carotid angioplasty and stenting: A rational definition of stent 
stenosis. J Vasc Surg 2007;46:460–466.

51. Aaslid R, Markwalder TM, Nornes H. Noninvasive transcranial 
Doppler ultrasound recording of flow velocity in basal cerebral 
arteries. J Neurosurg 1982;57:769–774.

52. Baumgartner RW. Transcranial color duplex sonography in 
cerebrovascular disease: a systematic review. Cerebrovasc Dis 
2003;16:4–13.

53. Polak JF. Ultrasound energy and the dissolution of thrombus. N Engl J 
Med 2004;351:21.

54. Alexandrov AV. Ultrasound-enhanced thrombolysis for stroke: clinical 
significance. Eur J Ultrasound 2002;16:131–140.

55. White DN, Curry GR, Stevenson RJ. The acoustic characteristics of the 
skull. Ultrasound Med Biol 1978;4:225–252.

56. Halsey JH. Effect of emitted power on waveform intensity in 
transcranial Doppler. Stroke 1990;21:1573–1578.

57. Alpers BJ, Barry RG, Paddison RM. Anatomical studies of the Circle of 
Willis in normal brains. Arch Neurol Psychiatry 1959;81:409–418.

58. Day AL. Arterial distributions and variants. In: Wood JH, editor. 
Cerebral blood flow: physiological and clinical aspects. New York: 
McGraw-Hill; 1987.

59. Fujioka KA, Douville CM. Anatomy and freehand examination 
techniques. In: Newell DW, Aaslid R, editors. Transcranial Doppler. 
New York: Raven Press; 1992. p. 9–31.

60. Postert T, Federlein J, Przuntek H, Buttner T. Comparison of 
transcranial power Doppler and contrast-enhanced color-coded 
sonography in the identification of intracranial arteries. J Ultrasound 
Med 1998;17:91–96.

61. Bogdahn U, Becker G, Winkler J, et al. Transcranial color-coded 
real-time sonography in adults. Stroke 1990;21:1680–1688.

62. Adams RJ, Nichols FT, Hess DC. Normal values and physiological 
variables. In: Newell DW, Aaslid R, editors. Transcranial Doppler. 
New York: Raven Press; 1992. p. 41–48.

63. Martin PJ, Evans DH, Naylor AP. Transcranial colour-coded 
sonography of the basal cerebral circulation. Reference data from 115 
volunteers. Stroke 1994;25:390–396.

64. Otis SM, Ringelstein EB. Findings associated with extracranial 
occlusive disease. In: Newell DW, Aaslid R, editors. Transcranial 
Doppler. New York: Raven Press; 1992. p. 153–160.

65. Markus HS, Harrison MJ. Microembolic signal detection using 
ultrasound. Stroke 1995;26:1517–1519.



987

49
CHAPTER

Breast

BREAST ULTRASOUND 987
Equipment and technique 987

ULTRASOUND OF BENIGN BREAST PATHOLOGY 987
Cystic lesions 987

Simple cysts 987
Oil cysts and fat necrosis 988
Galactoceles 988
Breast abscess 989

Solid lesions 989
Fibroadenomas and phyllodes tumours 990
Hamartomas 991
Lipomas 991
Papillary lesions 991
Radial scars or complex sclerosing lesions 992

ULTRASOUND OF MALIGNANT BREAST PATHOLOGY 993
Techniques to aid the diagnosis of malignancy 993

Ultrasound computer-aided classification 993
Doppler and contrast 993
Elastography 993

Ultrasound classification of invasive breast cancer 993
Lobular cancer 995
Tubular cancer 995
Mucinous cancer 995
Papillary carcinoma 995
Cribriform carcinoma 995
Medullary carcinoma 995

Metaplastic carcinoma 996
BRCA1-related tumours 996

Ultrasound of non-invasive breast cancer (ductal carcinoma  
in situ) 996
Other malignant breast lesions 997

Metastases to the breast 997
Angiosarcoma 997

Staging operable breast cancer 997
Size 997
Focality 997
Intraductal extension 997
Axilla 997

Assessment of response after chemotherapy 999
Ultrasound for breast cancer screening 999

Ultrasound screening in women with normal risk of  
breast cancer 999
Ultrasound screening in women at high familial risk of  
breast cancer 1000

ULTRASOUND OF BREAST IMPLANTS 1000

ULTRASOUND-GUIDED BREAST BIOPSY 1000
Fine-needle aspiration (FNA) or core biopsy 1001
Large-bore vacuum-assisted biopsy 1001

WIRE LOCALISATIONS OF IMPALPABLE BREAST 
LESIONS 1002

Jonathan J. James and Andrew J. Evans

BREAST ULTRASOUND

Ultrasound and mammography are the two most important modal-
ities for breast imaging. In younger women, under the age of 35 
years, ultrasound is the primary tool used to investigate breast 
problems. Even in the older age group, ultrasound plays a vital role 
in breast imaging, particularly for the assessment of mass lesions.

Many years ago the role of breast ultrasound was limited to the 
differentiation of cystic from solid masses. The technical advances 
of the past 30 years have allowed radiologists to differentiate benign 
from malignant solid breast masses with a high level of accuracy. 
Ultrasound-guided core biopsy is usually performed to obtain a 
histological diagnosis, confirming the precise nature of benign 
lesions, and to provide additional information on cancers such as 
tumour type, grade and hormone receptor status which may influ-
ence treatment choices.

Equipment and technique

Ultrasound imaging of the breast requires the use of high-frequency 
linear array transducers with frequencies between 7.5 and 14 MHz. 
The frequency selected is dependent on the size of the breast to be 
examined. A balance has to be struck between the greater spatial 
resolution offered by higher frequencies and the penetration needed 
to produce satisfactory imaging of the whole thickness of the breast 
down to the chest wall.

The patient is positioned supine. It is helpful for the patient to 
extend the ipsilateral arm behind her head. If the area to be assessed 
lies in the lateral aspect of the breast then turning the patient 
slightly oblique is recommended. The aim is to flatten the breast 
tissue against the chest wall, reducing the thickness of breast tissue 
to be imaged.

It is best to scan in two planes at 90° to each other. Many opera-
tors scan the breast in a longitudinal and transverse direction. Scan-
ning the breast in a radial direction is advocated by some operators, 
potentially allowing better demonstration of the duct system and 
ductal pathology. This involves moving the transducer in a direc-
tion similar to the pattern of the spokes of a bicycle wheel. The 
breast is then again imaged at 90° in an anti-radial direction.

ULTRASOUND OF BENIGN BREAST 
PATHOLOGY

Cystic lesions

Simple cysts
Cysts represent the commonest cause of a lump presenting to a 
breast clinic. They are common in premenopausal women, with the 
incidence decreasing rapidly after the menopause.
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Breast cysts have a characteristic ultrasonic appearance (Fig. 
49.1). They are typically well defined, rounded or oval. They are 
hypoechoic, lacking any internal echoes, and exhibit characteristic 
posterior enhancement due to the presence of fluid. When these 
features exist a cyst can be diagnosed with confidence. If there is 
any doubt then aspiration can easily be performed under ultra-
sound guidance. When diagnosed, breast cysts do not require  
aspiration, but this can be undertaken if the patient wishes. The 
material aspirated is not routinely sent for cytological examination, 
but can be if the cyst has any atypical features or contains blood-
stained fluid.

Oil cysts and fat necrosis
Injury to the breast is associated with the development of fat necro-
sis. Local trauma, surgery and radiotherapy are commonly associ-
ated with the development of fat necrosis. On ultrasound fat 
necrosis may be appreciated as rather diffuse hyperechoic change 
(Fig. 49.2). Often post-traumatic oil cysts may develop in areas of 
fat necrosis, precipitating referral for breast imaging.

Oil cysts may appear as simple cysts on ultrasound, but are more 
likely to have more complex features. Calcification may develop in 
the wall of oil cysts and with time the whole cyst may become 
densely calcified.

Clinically fat necrosis may mimic both benign and malignant 
pathology. In many cases the combination of mammography and 
ultrasound is diagnostic of fat necrosis. Biopsy can be performed if 
there is any uncertainty.

Galactoceles
Galactoceles are milk-filled cystic structures which develop during 
lactation. The contents of a galactocele are commonly echogenic, 
probably as the result of mixing of fat globules and water (Fig. 49.3); 
sometimes fat/fluid levels may be seen. The presence of internal 
echoes may make differentiation from a solid lesion such as a 

fibroadenoma difficult. Frequently the pressure of the transducer 
over the lesion results in movement of the particles, confirming that 
the mass is in fact cystic rather than solid. If there is any diagnostic 
doubt ultrasound-guided aspiration is easily performed, resulting 
in a characteristic ‘milky’ aspirate.

Figure 49.1 Cyst. The absence of any internal echoes and the 
posterior enhancement are characteristic of a simple cyst.

Figure 49.2 Fat necrosis. There is an area of hyperechoic change 
just deep to the skin (arrows). The necrotic fat can liquefy, leading 
to development of small fluid collections or ‘oil’ cysts (arrowhead). 
The patient gave a history of trauma.

Figure 49.3 Galactocele. Echogenic material is visible within this 
galactocele. Ultrasound-guided aspiration of ‘milky’ material 
confirmed the diagnosis.
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Breast abscess
Breast abscesses are commonly associated with lactation. Women 
typically present with pain, swelling and tenderness. The typical 
organism responsible is Staphylococcus aureus. Ultrasound is crucial 
in the diagnosis of the condition, confirming the presence of a pus 
collection, but also plays an important role in patient management 
(Fig. 49.4A and B). Breast abscesses are best managed by repeated 
aspiration of pus under ultrasound guidance every 2 or 3 days 
together with oral or intravenous antibiotics. Utilising this approach, 
very few breast abscesses will require open surgical incision and 
drainage.

Aspiration is performed following the injection of local anaes-
thetic into the skin and subcutaneous tissues. Injection of local 
anaesthetic directly into the abscess cavity provides excellent pain 
relief. Aspiration is then undertaken using a 19G needle or larger. 
It is possible to place percutaneous drains into breast abscesses, but 
this is rarely necessary.

Breast infections and abscesses can also occur in the non-lactating 
breast; it can be associated with chronic conditions such as diabetes. 
Periareolar infection or periductal mastitis is characterised by 
inflammation around periareolar ducts. It is much more common 
in smokers. Abscess formation may occur and the acute manage-
ment is identical to lactational abscesses.

Skin lesions such as sebaceous cysts can be associated with infec-
tions or abscess formation (Fig. 49.5). Surgical excision may be 
required to prevent recurrent infections.

Solid lesions

The ultrasound features of a solid lesion that are characteristic of 
benign pathology include hyperechogenicity compared with fat, 
oval shape, well-circumscribed lobulated margins and a thin echo-
genic pseudocapsule.1 In contrast, features found in malignancy 
include spiculation, angular margins, marked hypoechogenicity, 
acoustic shadowing and a lesion that is ‘taller than wide’ (greater 
dimensions in the anteroposterior (AP) direction compared to the 

Figure 49.4 Breast abscess. A: Echogenic pus is seen within this large lactational breast abscess. B: There was marked subcutaneous 
oedema (arrowheads) and skin thickening (arrow) in the breast tissue extending some distance from the abscess cavity. This corresponded 
with the area of inflammation apparent clinically. The abscess was treated conservatively with repeated ultrasound-guided aspirations and 
antibiotics, with resolution of the ultrasound appearances.

Figure 49.5 Sebaceous cyst. This superficial cyst is arising from 
the skin and is entirely benign (arrow).

A B

Ultrasound features of a benign breast mass

• Well-defined edge
• Lobulated margins (macrolobulation)
• Oval shape
• Thin echogenic pseudocapsule
• Edge attenuation
• Posterior enhancement
• Homogeneous internal echo pattern
• Compressibility
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transverse diameter).1 For the vast majority of mass lesions, ultra-
sound-guided biopsy will be required to make the diagnosis. With 
careful patient selection there are situations where if several of the 
benign ultrasound features are present, and there are no suspicious 
features, biopsy can be avoided. One such group may be women 
under the age of 25 where the chances of any solid lesion being 
malignant are very small.2

Fibroadenomas and phyllodes tumours
Fibroadenoma is the most common benign solid mass lesion  
presenting to a breast clinic. They are most commonly encountered 
in younger women, with a peak incidence between the ages of 20 
and 30.

Fibroadenomas are typically well defined, oval with smooth or 
gently lobulated margins (Fig. 49.6A). They are typically hypoe-
choic or isoechoic to the adjacent fat. Sometimes a thin echogenic 
pseudocapsule may be appreciated, which is characteristic of 

benign lesions. Coarse calcifications may develop within fibroade-
nomas in older women (Fig. 49.6B, C).

In the vast majority of cases, biopsy will be required to establish 
the diagnosis. Biopsy confirmation is important because occasion-
ally a rapidly growing, high histological grade carcinoma can 
mimic a fibroadenoma.

The ultrasound appearances of a phyllodes tumour can be indis-
tinguishable from a fibroadenoma. Occasionally slit-like cystic 
spaces may be seen which can suggest the diagnosis (Fig. 49.7). It 
is important to differentiate the two because a small number of 
phyllodes tumours are locally aggressive (around 25%) and occa-
sionally even metastasise. Even the pathological features can be 
difficult to distinguish on core biopsy. If a phyllodes tumour is 
suspected then surgical excision is advised with a clear margin to 
minimise the risk of recurrence. It is common practice to excise 
larger fibroadenomas (>3 cm) to avoid missing a phyllodes tumour.

Fibroadenomas have no malignant potential and are not associ-
ated with an increased risk of breast cancer. Consequently, smaller 

Figure 49.6 Fibroadenomas. A: A well-defined hypoechoic mass 
with a lobulated margin is typical of a fibroadenoma. The diagnosis 
was confirmed on core biopsy. Fibroadenomas >3 cm are 
frequently excised to avoid missing phyllodes tumours. B: Heavily 
calcified fibroadenomas may be encountered particularly in the 
elderly. C: If there is diagnostic doubt then a mammogram is 
helpful, showing the coarse benign ‘pop-corn’ calcifications typical 
of calcified fibroadenomas.
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fibroadenomas (<3 cm) are not usually excised. Surgical excision is 
sometimes undertaken usually at a patient’s request. In recent years 
the development of vacuum-assisted breast biopsy devices has 
enabled percutaneous excision of small fibroadenomas to be per-
formed under ultrasound guidance, as an alternative to an open 
surgical procedure.

Hamartomas
Hamartomas are benign breast masses composed of all the elements 
that make up normal breast tissue – lobular elements, stroma and 
fatty tissue. They usually present as either a palpable mass or are 
detected on screening mammography. Most hamartomas seen on 
screening mammography are not recalled because the well-defined 
edge and fat density within the mass are characteristic.

In one study the mean age of presentation of symptomatic hamar-
tomas was 39 years and the mean size 2.9 cm. At ultrasound exami-
nation an oval, well-defined compressible mass is identified. They 
can have a rather heterogeneous appearance as they contain fat as 
well as other breast parenchymal elements. There is usually no 
distal effect or edge enhancement.3 Without the presence of a well-
defined capsule these lesions would be difficult to differentiate 
from normal breast tissue. Cystic change and calcification are occa-
sionally seen.

The diagnosis can be made with confidence if fat is definitely 
identified within the mass. If there is any diagnostic doubt then 
percutaneous biopsy is performed. The core specimens from hamar-
tomas are frequently reported as just showing normal tissue.

Lipomas
Breast lipomas are common and may present as a palpable mass. 
Ultrasound examination shows a well-defined oval compressible 
mass, often in a superficial location. A thin echogenic capsule is 
usually seen and the mass is either isoechoic or slightly hypere-
choic. The echo pattern is very homogeneous. The ultrasound 

appearances are usually so characteristic that the diagnosis can be 
made with ultrasound alone with biopsy rarely required. Occasion-
ally intramuscular lipomas can present as a breast mass and in these 
circumstances magnetic resonance imaging (MRI) may be helpful 
to confirm the diagnosis.

Papillary lesions
Papillary lesions are benign, fleshy nodules arising in a breast duct. 
The main concern is their association with cellular atypia and 
malignancy, such as atypical ductal hyperplasia (ADH), ductal car-
cinoma in situ (DCIS) or even invasive cancer. In addition, the 
papillary lesion may represent an encysted or invasive papillary 
carcinoma.

Papillary lesions are usually identified either at screening mam-
mography or in the work-up of women with nipple discharge. They 
have a tendency to secrete watery fluid and so frequently present 
as a nipple discharge rather than a discrete lump.

Symptomatic lesions tend to be central and solitary whilst asymp-
tomatic screen-detected lesions are more likely to be multiple and 
peripheral. The larger, solitary, centrally located lesions are less 
likely to be found in association with atypia or malignancy. The 
multiple, peripherally located lesions seem to carry a much greater 
malignant potential.4 Overall, the diagnosis of a papillary lesion 
increases the risk of developing a subsequent breast cancer; the risk 
may be up to 7.5 times greater if there is associated ADH.5

Up until recently, all papillary lesions identified on imaging and 
core biopsy were surgically excised to alleviate symptoms and 
because of the significant risk of associated atypia and malignancy. 
Recently some have advocated not excising papillomas when an 
initial core biopsy has shown no evidence of atypia because of the 

Figure 49.7 Phyllodes tumour. Phyllodes tumours can appear 
identical to large fibroadenomas (arrows). The presence of cystic 
spaces (arrowheads) raises the possibility of the diagnosis, which 
was confirmed on core biopsy.

Figure 49.8 Lipoma. A well-defined mass which is uniformly 
hyperechoic to the surrounding breast tissue is characteristic of a 
lipoma (arrows).
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low rates of malignancy and atypia found at subsequent surgical 
excision. Another management alternative for this group of patients 
is to perform piecemeal image-guided percutaneous vacuum-
assisted excision. This debate has led to interest in the possibility of 
using ultrasonic features to help distinguish between malignant 
and benign papillary lesions.

Papillary lesions have three common ultrasound correlates: a cyst 
with a solid or mixed cystic/solid mural nodule (Fig. 49.9A); an 
intraductal mass (Fig. 49.9B) or a completely solid mass where the 
intraductal nature of the mass cannot be appreciated.6 Benign papil-
lomas, presenting as a filling defect in the wall of a cyst, tend to be 
small and unilobulated whilst malignant papillary lesions tend to 
be larger, multilobulated and occur in older women. There is con-
siderable overlap in the ultrasound features of benign and malig-
nant solid papillary lesions. All papillary lesions tend to be vascular 

on Doppler examination (Fig. 49.9C). Malignant papillary lesions 
frequently exhibit the ultrasound features that are typical of malig-
nancy, including being taller than wide, having an echogenic halo, 
exhibiting posterior enhancement and being associated with 
microcalcification.7

Radial scars or complex sclerosing lesions
Radial scars are benign lesions which were rarely identified before 
the advent of mammographic screening. Many more radial scars 
are now seen because they often present as small spiculate masses 
or areas of architectural distortion on screening mammograms. 
Radial scars greater than 2 cm in diameter are called complex scle-
rosing lesions. Radial scars are usually impalpable.

Figure 49.9 Papillary lesions. A: This papillary lesion is predominantly cystic with a mural nodule (arrow). Debris can be appreciated 
layering in the dependent portion of the cyst (arrowhead). Core biopsy of the solid component suggested a benign papilloma. The lesion 
was surgically excised. B: This patient with a nipple discharge had an intraductal lesion (thick arrows) partly filling a dilated duct (hollow 
arrow) close to the nipple. C: Colour Doppler is useful to confirm that this is a soft tissue nodule rather than debris within a cyst.
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The mammographic and ultrasound features of low-grade carci-
nomas and radial scars are very similar. Sonographically, a small 
hypoechoic mass with distal attenuation and architectural distor-
tion is typical. However, ultrasound examination is more frequently 
normal in radial scars (57%) compared with cancer (7%). A recent 
comparison of the sonographic features of radial scars and cancer 
presenting as small spiculate lesions on mammography found that 
an echogenic halo, distal attenuation, taller than wide shape and 
distortion were more commonly seen in cancers while small cysts 
and an echogenic component were more frequently seen in radial 
scars.8 Differences were not, however, clear-cut enough to allow 
safe sonographic differentiation and so percutaneous biopsy is 
crucial in the diagnosis. When the lesion is sonographically visible, 
this can be performed under ultrasound guidance.

At surgical excision a proportion of radial scars have associated 
ADH, lobular carcinoma in situ (LCIS), DCIS or invasive cancer. 
Some authors also argue that a small number of radial scars may 
transform into invasive cancer. For this reason the standard man-
agement of radial scars has until recently been surgical excision. 
However, if the initial core biopsy shows no evidence of atypia or 
malignancy then it has been suggested that percutaneous excision 
using a vacuum-assisted device can be an alternative to surgery, 
because of the very low risk of malignancy or atypia in this sub-
group. A similar approach has already been described for papillary 
lesions.

ULTRASOUND OF MALIGNANT BREAST 
PATHOLOGY

No single feature is entirely specific or sensitive for predicting 
malignancy and a number of benign lesions such as radial scars, 
inflammation and fat necrosis can mimic malignancy. The factors 
most useful in confirming malignancy are irregular shape, micro-
lobulation, transverse to AP ratio of 1.4 or less (lesion taller than 
wide), heterogeneous echo pattern and spiculation (Fig. 49.10). 
Other factors such as the clinical findings, mammographic findings, 
patient’s age and evidence of stability over time also need to be 
taken into consideration when assessing the likelihood of malig-
nancy of a solid breast nodule.

Over the past 15 years a number of studies have assessed the 
sensitivity, specificity, and positive/negative predictive value 
(PPV/NPV) of individual features and combinations of features to 
try to optimise benign/malignant differentiation. It has been sug-
gested that a radiologist’s overall impression can be improved a 
little by deciding on the presence or absence of a number of features 
which can then be used in an algorithm to assign a level of risk. 
However, approximately 1–2% of lesions classified as benign on 
ultrasound examination are malignant at biopsy.9,10

Techniques to aid the diagnosis  
of malignancy

Various techniques have been developed to try and aid the operator 
in the differentiation of malignant and benign disease. In reality, 
many of these techniques are of limited use as there is considerable 
overlap between the features found in benign and malignant breast 
lesions. Core biopsy is ultimately required for the diagnosis of the 
vast majority of breast lesions.

Ultrasound computer-aided classification
There has been recent interest in whether computers can classify 
breast masses as benign or malignant. The initial results are encour-
aging with area under the ROC curve results of around 90%. When 
in one study the sensitivity was set to 100% the specificity was 26% 
(rather better than some radiologists!).11,12

Doppler and contrast
All cancers, to be viable, need to have a blood supply. Neo- 
angiogenesis occurs in invasive carcinoma and to a lesser extent 
DCIS. The presence of a tumour circulation can be used to help 
differentiate benign from malignant masses. Tumour vessels tend 
to be irregular and tortuous, they penetrate deeply into the tumour 
mass and arteriovenous shunting may occur. Benign masses mainly 
have vessels stretched over the surface with a few straight penetrat-
ing vessels.

In one recent study colour flow was seen in 68% of malignant 
lesions and 36% of benign lesions. Pulsatility index and resistive 
index values are higher in malignant compared to benign masses; 
however, there is considerable overlap between values for benign 
and malignant lesions.13 A paper using three-dimensional power 
Doppler, scoring such features as number of vascular trees and 
measures of tortuosity, gave sensitivity, specificity, PPV and NPV 
results of 92%, 85%, 86% and 91% respectively.14 These results 
appear superior to 2D Doppler studies.

The conspicuity of tumour vessels can be increased by using a 
contrast agent consisting of microbubbles which are injected intra-
venously. A number of studies suggest a moderate increase in 
benign/malignant differentiation when using ultrasound contrast 
agents. More importantly, a recent study has suggested that the use 
of contrast agents may improve the assessment of tumour size.15

Elastography
Elastography (strain imaging) is a method of assessing the stiffness 
of tissue. Elastography aims to use the increased stiffness of malig-
nant lesions compared with that of benign lesions to aid diagnosis. 
Invasive breast cancer contains disordered fetal collagen which 
makes lesions poorly compressible, whilst benign lesions such as 
fibroadenoma are less stiff even if they contain large amounts of 
collagen. This is because the collagen in fibroadenomas is well-
ordered, adult type collagen.

A recent study has looked at the additional value of adding strain 
imaging to B-mode imaging when trying to differentiate benign 
from malignant breast masses. They detected a small but statisti-
cally significant improvement in the area under the ROC curve 
from 0.88 to 0.90, p = 0.01. However, there was considerable inter-
observer variability, with image quality also affecting observer 
performance.16

Ultrasound classification of invasive  
breast cancer

Some breast cancers show distinct patterns of growth and so various 
subtypes of cancer can be identified. Those with specific features 
are recognised and called special type tumours; these include 

Ultrasound features of a malignant breast mass

• Ill-defined margins
• Irregular shape
• Microlobulation
• Mass taller than wide
• Inhomogeneous internal echo pattern
• Spiculation
• In-pulling of Cooper’s ligaments
• Ill-defined echogenic halo
• Distal attenuation
• Intraductal extension of the mass
• Calcification
• Non-compressibility
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Figure 49.10 Invasive carcinomas. A and B: Irregular hypoechoic masses with ill-defined margins are typical of carcinomas. 
C: Malignant masses are more likely to be ‘taller than wide’. D: Distal attenuation (arrow) obscuring the posterior margin of the tumour is 
frequently observed, particularly in low histological grade tumours such as this tubular carcinoma. E: An echogenic halo (solid arrows) may 
also be appreciated around malignant masses. F: Calcifications (arrows) may be visible in high-grade invasive cancers. G: Some high-
grade tumours may appear well defined, mimicking a benign lesion – this shows the importance of biopsy to confirm the diagnosis.
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lobular, tubular, papillary, cribriform, medullary and metaplastic 
carcinomas. When a tumour is assigned to a special type group it 
implies a recognisable pattern of growth rather than a particular 
cell of origin. These special type tumours exhibit different patterns 
of behaviour and so carry different prognoses. The vast majority of 
breast cancers do not fit into one of these groups and are said to be 
ductal carcinoma of no special type (NST or ductal NST).

The histological grade of a breast cancer has implications for 
tumour behaviour and prognosis. High-grade tumours are poorly 
differentiated, grow rapidly and are more likely to metastasise and 
so carry a poor prognosis compared to low-grade tumours.

Low-grade invasive ductal cancers often appear as a small hyp-
oechoic lesion with an echogenic halo and intense distal shadowing. 
In contrast, high-grade cancers often show no distal shadowing and 
may even exhibit posterior enhancement; calcifications are also 
more frequently observed (Fig. 49.10F, G).17

Lobular cancer
Invasive lobular cancer accounts for between 10% and 15% of inva-
sive breast cancer in both symptomatic and screening settings. The 
incidence of lobular cancer is rising more than other tumour types 
and this may be related to the use of hormone replacement therapy. 
Lobular cancers are almost always oestrogen receptor (ER) positive. 
Lobular cancers usually have low or absent e-cadherin expression. 
E-cadherin is a cell adhesion molecule and its absence in most cases 
of lobular cancer may account for the diffuse infiltrative growth 
pattern often seen in this tumour. The sensitivity of ultrasound for 
detecting lobular cancer (around 95%) is significantly higher than 
mammography and physical examination.18

Compared with other tumour types, invasive lobular cancers 
more frequently have an irregular shape, indistinct margins, exhibit 
hyper- or isoechogenicity compared to fat, and show distal shadow-
ing and architectural distortion.19 Lobular cancers are less fre-
quently taller than wide compared to invasive ductal cancers.20

Underestimation of tumour size by ultrasound is more frequent 
in lobular cancer than in other tumour types. This has led to many 
units performing preoperative MR in women diagnosed with lobular 
cancer breast when breast-conserving surgery is being considered.

Tubular cancer
Tubular cancers are low-grade lesions found most frequently at 
mammographic screening. On a mammogram they appear as areas 
of distortion or small spiculated masses. They have low rates of 
lymph node involvement and vascular invasion and carry an excel-
lent prognosis.

On ultrasound, tubular cancers present as small, hypoechoic 
masses with marked distal attenuation which may obscure the pos-
terior border (Fig. 49.10D). They frequently have an ill-defined 
echogenic halo and show in-pulling of adjacent Cooper’s ligaments. 
Tubular cancers tend not to exhibit neovascularity on Doppler 
examination.

Mucinous cancer
Mucinous cancers are slow-growing lesions which have a good 
prognosis. They are over-represented in interval cancer studies 
because mammographically they can appear well defined, mimick-
ing benign lesions. At ultrasound examination mucinous cancers 
are hypoechoic, inhomogeneous, and commonly show distal 
enhancement. Partly ill-defined margins, microlobulation and an 
inability to aspirate an apparently cystic lesion should raise the 
possibility of a malignant lesion, prompting biopsy.21,22

Papillary carcinoma
Papillary cancers can be either encysted (papillary carcinoma in 
situ) or invasive. They are low-grade lesions with a good prognosis. 

Papillary carcinomas present mammographically as ill-defined or 
partly well-defined masses.

At ultrasound examination, papillary carcinomas present as 
either hypoechoic solid or mixed cystic solid masses (Fig. 49.11). 
They are often well defined but may have an inhomogeneous echo 
pattern.23 The intracystic papillary carcinomas tend to be multilobu-
lated and vascular. Layering of blood/debris within the cystic com-
ponent is occasionally seen. Papillary lesions tend to show either 
distal enhancement or no distal effect.

Cribriform carcinoma
Invasive cribriform cancers are uncommon low-grade lesions which 
present mammographically as spiculate masses. Unlike tubular 
cancers, cribriform carcinomas can be quite large. Invasive cribri-
form cancers appear at ultrasound examination as ill-defined inho-
mogeneous masses. They often have an ill-defined echogenic halo 
but often do not exhibit distal shadowing.24

Medullary carcinoma
Medullary tumours are high-grade lesions characterised histologi-
cally by a pushing margin and a lymphocytic infiltrate. On mam-
mography, medullary tumours present as a well- or ill-defined 
mass. Similarly on ultrasound, medullary carcinomas may appear 
well or ill defined.25 There are conflicting reports regarding the 
distal shadowing effect associated with these tumours.

Figure 49.11 Papillary carcinoma. Large, part solid and part 
cystic mass lesion. The solid component has a rather lobulated 
appearance, which is typical of a papillary carcinoma. Ultrasound-
guided core biopsy showed an invasive papillary carcinoma.
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Figure 49.12 Ductal carcinoma in situ (DCIS). A: An extensive area of microcalcifications (arrowhead) is visible in this patient with 
high-grade DCIS. B: Characteristic comedo microcalcifications are visible on the mammogram (arrows).

A B

Metaplastic carcinoma
Metaplastic cancers are high-grade tumours which may show chon-
droid or osseous differentiation. Mammographically they manifest 
as predominantly well-defined masses. Similarly, on ultrasound 
examination metaplastic cancers tend to have an oval shape with 
well-defined margins.26 Cystic changes are common and acoustic 
shadowing is unusual. Lesions with osseous or cartilaginous dif-
ferentiation may show coarse calcification.

BRCA1-related tumours
Some women have a high familial risk of developing breast cancer. 
Those who carry one of the recognised gene mutations BRCA1 or 
BRCA2 have a lifetime risk of developing breast cancer of around 
85%. Cancers arising in BRCA1 gene carriers are high grade, ER 
negative and have little associated DCIS. Mammographically they 
manifest as well- or ill-defined masses with no associated spicula-
tion or calcification. At ultrasound examination they tend to be well 
defined, have an oval shape and have little distal effect, potentially 
mimicking benign lesions.27 Again, this illustrates the importance 
of performing ultrasound-guided biopsy on apparently benign 
appearing masses to avoid missing high-grade tumours.

Ultrasound of non-invasive breast cancer 
(ductal carcinoma in situ)

Ductal carcinoma in situ (DCIS) usually manifests as impalpable 
mammographic calcifications. Ultrasound of such lesions can be 

helpful, especially in women with dense breasts. Calcifications may 
be visible in dilated ducts, particularly when scanning in a radial 
direction (Fig. 49.12A, B). Sometimes the calcifications cannot be 
clearly seen but non-specific shadowing or alterations in echogenic-
ity allow the DCIS to be localised. Visualisation of areas of DCIS 
with ultrasound enables biopsy to be performed under ultrasound 
guidance, which is both easier for the patient and the radiologist. 
Another important reason to ultrasound lesions that represent 
DCIS is to try to identify areas of occult invasion and for these areas 
to be preferentially biopsied.28 Finding invasion within the surgical 
specimen of a lesion with a preoperative core biopsy of DCIS only 
is a common reason for further surgery. This is because invasive 
tumours require nodal staging whilst pure DCIS lesions do not.

A recent Japanese study found that 75% of DCIS lesions manifest-
ing as mammographic calcification could be found at ultrasound 
examination. Ultrasound visualisation was more frequent if the 
calcifications were of the casting, comedo type or the area of 
involvement was large (Fig. 49.12B).29

Occasionally DCIS is visible as a mass lesion without associated 
calcification. This is most commonly seen in low-grade DCIS. Such 
lesions tend to have indeterminate ultrasound features and lack the 
obvious malignant features often seen in invasive breast cancer. 
DCIS can also present as a large multilobulated soft tissue filling 
defect within a cyst. Sometimes DCIS is found within benign lesions 
of uncertain malignant potential such a papillary lesions and radial 
scars. The ultrasound features in these cases are then those of the 
benign lesion rather than the DCIS itself. Rarely, low-grade DCIS 
can present mammographically and ultrasonically as a focal area of 
duct dilatation without calcification. A solitary or unilateral seg-
mental group of dilated ducts requires biopsy to exclude the pres-
ence of DCIS.
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Other malignant breast lesions

Metastases to the breast
Metastases can occur in the breast from many tumours particularly 
lymphoma, melanoma and lung cancer. The mammographic 
appearances of metastases are those of multiple well-defined 
masses without spiculation or calcification. At ultrasound examina-
tion metastases usually appear as well-defined masses without 
distal shadowing (Fig. 49.13).30,31

Angiosarcoma
Angiosarcomas present clinically as either a palpable mass or an 
area of spontaneous bruising. Angiosarcomas manifest as ill-
defined masses or areas of asymmetric density on mammography. 
Ultrasound shows either a hyperechoic or a mixed hyper- and hyp-
oechoic mass.32

Staging operable breast cancer

Once a diagnosis of malignancy is suspected the main tasks for the 
radiologist are to obtain a definitive histological diagnosis and to 
stage the cancer. Staging involves estimating invasive tumour size, 
diagnosing the presence and size of any intraductal component and 
diagnosing any further foci of tumour in the ipsilateral and contral-
ateral breast. Staging also includes assessing the ipsilateral axillary 
nodes to try and diagnose axillary nodal metastases preoperatively. 
Ultrasound has an important role in staging primary operable 
breast cancer, where its role is complementary to that of mammog-
raphy and MRI.

Size
Mammography and ultrasound are the standard methods of  
assessing invasive tumour size. The ability of mammography to 

accurately assess tumour size is breast density dependent. Mam-
mography and ultrasound are equally accurate in assessing inva-
sive tumour extent in women with a fatty mammographic pattern 
whilst ultrasound is superior to mammography in predicting 
tumour extent in women with a dense mammographic background 
pattern.33 Ultrasound tends to underestimate histological tumour 
size by on average a few millimetres. The degree of size underesti-
mation is tumour type dependent, with the degree of underestima-
tion being larger in lobular cancers (7.5 mm) than in ductal tumours 
(2.5 mm).34 Mammography is poor at both detecting and sizing 
lobular cancer, which is why MRI is often used to assess tumour 
extent in women with cancers with lobular features on core biopsy 
when breast-conserving surgery is being contemplated.

Focality
When a focus of invasive breast cancer has been detected on tar-
geted breast ultrasound then ultrasound of the rest of the ipsilateral 
breast and the contralateral breast may detect further tumour foci, 
changing surgical management. A recent study indicated an 
increase in the detection of multifocal and multicentric disease by 
performing bilateral whole breast ultrasound, from 15% to 34%. In 
this study the surgical management was changed in 8% of cases.35

In another series, ultrasound detected further tumour foci in 18% 
of cases compared with 30% for MRI. In this study overestimation 
of lesion size and multifocality was present in 12% of ultrasound 
examinations and 21% of MRI examinations.36 These findings indi-
cate the need to obtain histological confirmation of any possible 
additional tumour foci with biopsy. The number of additional foci 
detected is much higher in the ipsilateral breast (14%) than in the 
contralateral breast (4%).37

Intraductal extension
When scanning a breast cancer, the tumour can sometimes be seen 
extending into adjacent ducts going either towards or away from 
the nipple (Fig. 49.14). Whether this phenomenon represents inva-
sive tumour spreading down a duct or adjacent DCIS is unclear. 
Intraductal extension can be observed on ultrasound even when 
mammography shows none of the characteristic microcalcifications 
typical of DCIS. Identifying ductal extension by careful interroga-
tion of the ducts adjacent to an invasive tumour is important when 
estimating tumour size. Some would advocate biopsy of such intra-
ductal extension if its presence will change surgical management 
as dilated ducts around tumours may simply represent ducts 
blocked or filled by debris rather than tumour.

A number of studies have suggested that ultrasound is useful in 
identifying the intraductal component of tumours and that it is 
superior to mammography and at least equivalent to MRI in this 
regard.38,39

Axilla
Staging the axilla of women with operable breast cancer for  
nodal metastases is vital since lymph node staging is the strongest 
prognostic factor for breast cancer and adequate local treatment  
of lymph node metastases is important to prevent regional 
recurrence.

Traditionally both the prognostic information and treatment of 
node-positive patients was achieved by axillary lymph node dissec-
tion. This operation is associated with significant long-term morbid-
ity and only a minority of women with nodal metastases derive 
benefit from the dissection.

To reduce surgical morbidity, sentinel lymph node biopsy and 
lymph node sampling procedures are often now performed to stage 
the axilla. Those women with involved nodes will then require 
further treatment in the form of axillary clearance or radiotherapy. 
Identification of node-positive patients preoperatively allows  
definitive axillary treatment at first operation. Ultrasound and 

Figure 49.13 Metastasis. This relatively well-defined mass was 
found to be a metastasis from colonic carcinoma, which the patient 
had been treated for 6 years previously.
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increase in peripheral flow in some patients with involved nodes. 
The addition of ultrasound-guided biopsy to ultrasound alone 
increases the specificity to almost 100% whilst reducing the sensitiv-
ity only slightly.40 Studies of ultrasound-guided core biopsy and 
fine-needle aspiration of axillary nodes have yielded similar results. 
The sensitivity of ultrasound and ultrasound-guided biopsy is 
higher in women with four or more nodes involved (around 90%) 
and in women with high-grade disease.41

Axillary ultrasound and sentinel node biopsy are complemen-
tary, helping to avoid one of the common causes of a false negative 
sentinel node procedure. If the sentinel node is completely replaced 
by tumour it may not take up the isotope and so the involved sen-
tinel node may be missed. Such cases are easily identified by ultra-
sound and ultrasound-guided biopsy. Axillary ultrasound and 
biopsy is therefore a very effective way of reducing the need for 
further surgery after sentinel node biopsy.

In the future it may be possible to target the sentinel node preop-
eratively by dual scanning with a hand-held gamma probe and an 

Figure 49.14 Intraductal tumour extension. Tumour can be 
seen extending along a duct towards and away from the nipple 
(arrows) in this patient with an invasive carcinoma.

Ultrasound appearances suspicious of axillary lymph node metastases

L

T

Concentric cortical thickening
>2 mm

>2mm

Eccentric cortical thickening Irregular cortex Round rather than oval shape
L/T axis > 2 - likely to be benign

L/T axis < 2 - suspicious of
malignancy

ultrasound-guided biopsy are currently the best way of  
identi fying nodal positivity preoperatively in the clinically 
negative axilla.

Normal lymph nodes are visible in almost every axilla. Normal 
lymph nodes have a hypoechoic cortex with a thickness up to 
2 mm, and a fatty hyperechoic central hilum (Fig. 49.15). Normal 
nodes can be very large but almost entirely made up of fat with a 
thin rim of hypoechoic cortex. Measurement of nodal length is 
therefore useless in predicting nodal infiltration by tumour. Normal 
nodes are typically oval in shape. Metastatic nodes are frequently 
round rather than oval (Fig. 49.16C). Reactive nodes normally have 
a concentrically thickened cortex while metastatic nodes show 
either concentric or eccentric cortical thickening of >2 mm (Fig. 
49.16A, B). In a recent systematic review of 16 studies, using mor-
phological criteria, ultrasound of non-palpable nodes showed a 
sensitivity of 44% and a specificity of 92% for predicting malignant 
nodal involvement. When size criteria were used the sensitivity was 
higher but the specificity was poorer. Doppler studies show an 

Figure 49.15 Normal axillary lymph node. Normal lymph nodes 
have a thin, uniform hypoechoic cortex <2 mm thick (arrows) and 
are oval in shape.
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ultrasound probe. The sentinel node could then be scrutinised selec-
tively and heavily sampled or even removed with a vacuum-
assisted biopsy device.

Assessment of response after 
chemotherapy

Ultrasound is useful in assessing response to chemotherapy and 
hormone therapy in women undergoing adjuvant systemic therapy. 
There is good correlation between histological tumour size  
and ultrasound tumour size estimation. Ultrasound is, however, 
insensitive to residual tumour foci that are <6 mm in diameter. In 
addition, foci of fibrosis in women with a pathological complete 
response may be misinterpreted as residual tumour on ultrasound 
examination.42

Some recent studies have suggested that Doppler examination 
may be helpful in predicting response to chemotherapy, with vas-
cular tumours tending to respond more frequently than avascular 
tumours. It has also been suggested that changes in vascularity can 
be used as an early predictor of response.43,44

Ultrasound for breast cancer screening

Ultrasound screening in women with normal 
risk of breast cancer
Any radiologist working in a symptomatic clinic will soon be aware 
that 10–15% of palpable symptomatic cancers that are visible on 
ultrasound are not seen on mammography. This is particularly true 
in younger women with dense breasts and in women with lobular 
breast cancer. This has led to interest in using ultrasound as an 
adjunct to mammography when screening women with dense 
breasts. In contrast, ultrasound detects very few additional cancers 
in women with a fatty background pattern.

In a recent Italian study of 25 572 women who attended for  
breast screening, 9157 (36%) had normal mammograms but a dense 
parenchymal pattern (BI-RADS D3–4). This group of women under-
went bilateral breast ultrasound. Ultrasound detected 37 additional 
cancers, giving an incremental cancer detection rate of 0.4%. Ultra-
sound detected a higher proportion of cancers in younger women. 
The cancers detected by ultrasound were smaller and more 

Figure 49.16 Abnormal axillary lymph 
nodes. Abnormal nodes may show 
(A) uniform cortical thickening (>2 mm) 
(arrows) or (B) eccentric cortical thickening 
(arrowheads). C: Metastatic nodes are 
frequently round rather than oval (solid 
arrow). These nodes from three different 
patients were subjected to ultrasound-guided 
core biopsy, allowing a preoperative 
diagnosis of axillary nodal metastasis.

A B
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frequently node negative than the mammographically detected 
cancers. However, ultrasound caused additional investigations in 
4.9% of women and benign surgical biopsies in 0.9%.45

In a study from Japan where women were screened with mam-
mography, physical examination and ultrasound, the combination 
of ultrasound and mammography detected 99% of the cancers 
found. Ultrasound increased the cancer detection of mammography 
by 15%.46

These results suggest that ultrasound may provide an additional 
benefit above that seen from mammographic screening in women 
with dense breasts but at a substantial financial cost and marked 
increase in false positive results.

Ultrasound screening in women at high familial 
risk of breast cancer
A number of studies have compared the yield of screening women 
at high familial risk (>20% lifetime risk) with mammography, ultra-
sound and MRI. The largest study to data found that ultrasound 
detected only 40% of the cancers compared to 33% for mammogra-
phy and 91% for MRI.47 A number of other studies have shown 
similar results. It is therefore clear that ultrasound is not an ideal 
screening modality for women at high familial risk of breast cancer.

ULTRASOUND OF BREAST IMPLANTS

Ultrasound is frequently used to image breast implants, although 
MRI is the ‘gold standard’ for assessing the integrity of an implant, 
with a sensitivity and specificity of over 90%.48,49

Breast implants consist of a plastic shell containing a filler which 
is usually either silicone or saline. When an implant is placed, a 
fibrous capsule forms around the shell of the implant. Implant 
rupture can be termed either intracapsular or extracapsular depend-
ing on whether the filler leak has extended beyond the fibrous 
capsule. Imaging is rarely necessary for saline implants as when 
they leak the saline is absorbed by the body and so the volume loss 
is usually obvious to both the clinician and the patient!

Intracapsular rupture of silicone implants may be appreciated on 
ultrasound; the shell of the implant is sometimes seen floating 
around within the silicone filler in the form of sets of parallel lines 
– the ‘step ladder’ sign. It can be difficult to distinguish prominent 
folds in the shell of the implant from the ‘step ladder’ sign (Fig. 
49.17A). The presence of internal echoes within the silicone can also 
indicate intracapsular rupture, probably as the result of mixing of 
silicone and serous fluid. Leakage of silicone into breast tissue 
beyond the fibrous capsule (extracapsular rupture) may result in 
the formation of silicone granulomas due to a foreign body giant 
cell reaction to the extruded material. This can present clinically as 
a palpable lump. Silicone granulomas have a characteristic ‘snow 
storm’ appearance on ultrasound and so usually do not require 
biopsy to establish the diagnosis (Fig. 49.17B). Identifying these 
signs makes it possible to diagnose implant rupture on ultrasound 
with a sensitivity of 50% and a specificity of 55%.50

Silicone may also migrate to more distant sites and it is not 
unusual to see silicone in axillary lymph nodes in cases of extracap-
sular rupture. The nodes are typically enlarged and also exhibit the 
same ‘snow storm’ appearance typical of the silicone granuloma.

ULTRASOUND-GUIDED BREAST BIOPSY

The key to successful breast diagnosis is the combination of imaging, 
clinical examination and percutaneous needle biopsy – the so-called 
triple assessment. The use of percutaneous biopsy avoids the need 
for open surgical biopsy for breast diagnosis. Surgery should be 
reserved for the treatment of breast cancer or occasionally the exci-
sion of lesions of uncertain malignant potential, rather than for 
diagnosis.

Screening programmes account for an increasing proportion of 
the breast cancers diagnosed. Many of these lesions are impalpable 
and so image-guided percutaneous biopsy is crucial for preopera-
tive diagnosis. Ultrasound is the preferred method of image guid-
ance. When a lesion is not visible on ultrasound, biopsy under 
stereotactic X-ray guidance is required. Stereotactic biopsy is more 
time-consuming, involves the use of specialist equipment and ionis-
ing radiation. Abnormalities such as microcalcifications which are 
frequently not visible on ultrasound require biopsy under stereot-
actic biopsy, although with the improved spatial and contrast  
resolution properties of modern ultrasound machines many more 
microcalcifications are sonographically visible.

Figure 49.17 Breast implants. A: MRI is the ‘gold standard’ for 
assessing implant integrity. The left breast implant is ruptured and 
the shell of the implant can be seen floating in the silicone filler 
(arrows). On ultrasound it can be difficult to distinguish rupture from 
normal implant folds. B: A ‘snow storm’ appearance is 
characteristic of a silicone granuloma.
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Even when a lesion is clinically palpable, image-guided biopsy 
can be more accurate. When an ultrasound biopsy is performed the 
operator is able to verify that the needle has passed through the 
lesion, confirming successful biopsy. Sometimes tumours may 
contain necrotic material and in this situation ultrasound-guided 
biopsy can be targeted at viable tumour tissue. The use of ultra-
sound also allows the safe targeting of lesions in more anatomically 
challenging areas such as the axilla. In our institution, all percutane-
ous biopsies for ultrasound visible lesions are performed under 
image guidance even when clinically palpable.

There are three different types of needle biopsy that can be  
performed under ultrasound guidance. These are fine-needle  
aspiration (FNA), needle core biopsy (NCB) and large-bore vac-
uum-assisted biopsy or mammotomy (VAM) (Table 49.1).

Fine-needle aspiration (FNA) or core biopsy

FNA of breast lesions has been practised for many years. The tech-
nique involves the passage of a fine needle, typically 23G, through 
a lesion. Multiple passes are made through the area of concern, with 
the aim of capturing representative cells in the barrel of the needle. 
Suction is applied with the aim of increasing cell yield. The aspirate 
is then either smeared onto a microscope slide or washed into a 
cytology transport medium for processing in the laboratory. The 
procedure is easily performed under ultrasound guidance.

In the mid-1990s automated, spring loaded ‘guns’ were devel-
oped enabling cores of breast tissue to be obtained (Fig. 49.18A–C). 
After the injection of local anaesthetic, a cutting needle is positioned 
immediately adjacent to the area to be sampled. A 20 mm inner 
sampling notch is fired through the lesion and almost immediately, 
an outer sheath closes over the notch, trapping a core of tissue 
which can then be retrieved by the operator. Core biopsy devices 
used for breast diagnosis are typically 14G, delivering a sample 
weight of around 15–20 mg. Smaller bore devices are available, but 
tend to give less reliable results.

There are some problems with FNA. The technique is associated 
with higher rates of false positives and false negatives. For instance, 
cytological samples from conditions like fat necrosis and lactational 
change can be misinterpreted as potentially malignant. Also 
samples from low-grade tumours with lower cellularity may lead 
to false negative interpretations. FNA is also unable to differentiate 
between invasive and in-situ disease. FNA is particularly poor at 
diagnosing lobular cancers while core biopsy is diagnostic in over 
90% of cases. FNA is more operator dependent, with a relatively 
high number of inadequate samples. It also requires the expertise 
of highly skilled cytopathologists. Ultrasound-guided core biopsy 

Table 49.1 The use of needle biopsy in breast imaging

Biopsy type Advantages Disadvantages

Fine-needle 
aspiration

(1) Shorter specimen processing times with ability to 
offer same day results

(2) Much larger areas of the lesion can be sampled
(3) Safer in more challenging areas – adjacent to 

vessels and breast implants

(1) Higher rates of false positives and negatives
(2) Unable to differentiate between invasive and 

in-situ disease
(3) Operator dependent with high number of 

inadequate samples
(4) Requires highly skilled cytopathologists

Core biopsy 
(14G)

(1) Improved accuracy compared with FNA
(2) Less operator dependent
(3) Easier histopathological interpretation
(4) Able to differentiate invasive from in-situ disease

(1) Minimum 24-hour lab turnaround time 
– longer at many hospitals

(2) Higher rate of complications

Vacuum-
assisted 
biopsy

(1) Larger volumes of tissue are removed, leading to 
a reduction in sampling errors

(2) Reduced under-staging of DCIS
(3) Complete excision of small benign/borderline 

lesions as an alternative to surgery

Expensive

has been shown to be more accurate than FNA in breast diagnosis, 
with the absolute sensitivity of ultrasound-guided FNA for diag-
nosing malignancy being 83% compared to core biopsy at 97%.51,52

The improved performance of core biopsy over FNA is well illus-
trated in the UK National Health Service Breast Screening Pro-
gramme (NHSBSP). In the early 1990s only around 10% of units 
were able to achieve the then minimum standard for preoperative 
diagnosis of breast cancer of 70%; with the move to core biopsy  
in the mid-1990s, dramatic improvements in performance were 
observed enabling the target standard of 90% preoperative diagno-
sis rate to be achieved.53

FNA does have a few advantages over core biopsy. Specimen 
processing time is much shorter for FNA samples and in some units 
this used to offer an instant reporting service in a ‘one-stop’ clinic. 
It is also possible to sample much larger areas of a lesion with FNA, 
as the needle can be directed to different sites during each pass. 
This may be helpful when undertaking preoperative sampling of 
axillary lymph nodes in patients with breast cancers. FNA is also 
potentially safer in more challenging anatomical locations, adjacent 
to blood vessels, breast implants, etc. For this reason some operators 
advocate the use of FNA for the biopsy of axillary lymph nodes, 
but in reality any potentially involved node is to be found lying low 
in the axilla, well away from the axillary vessels or other danger 
sites. Consequently 14G core biopsy of axillary nodes is a well-
tolerated and safe technique.41

Large-bore vacuum-assisted biopsy

One of the reasons why a 100% preoperative diagnosis is not 
achieved and open surgical biopsies for breast disease still take 
place is due to sampling error or failure to retrieve sufficient repre-
sentative tissue. Large-bore vacuum biopsy devices have been 
developed to try and address these problems. They can be used 
under ultrasound or stereotactic guidance. These devices use much 
larger needles, typically between 11G and 8G, to obtain larger 
volumes of tissue. Cores of tissue obtained with these devices typi-
cally weigh around 300 mg. Some of the systems are fully auto-
mated, allowing multiple cores to be obtained and collected from 
multiple sites in a relatively short period of time. Following infiltra-
tion with local anaesthetic, the needle is positioned adjacent to the 
area to be sampled. A vacuum is applied sucking tissue into the 
needle aperture, a rotating blade then spins or cuts forward captur-
ing the specimen, which is then transported to a collection chamber 
or port. In the most automated systems the needle can be rotated 
through 360° and tissue sampled as many times as required without 
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Figure 49.18 Ultrasound-guided core biopsy. A: An automated spring-loaded gun is used for ultrasound-guided core biopsies. The tip 
of the 14G needle is positioned adjacent to the lesion to be sampled. B: When the ‘gun’ is ‘fired’, the needle is visualised passing through 
the mass. C: A core of tissue is trapped within the sampling notch and can then be retrieved by the operator.

A

B
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removing the needle from the breast. Consequently it is also pos-
sible to use these devices to remove small lesions from the breast.

The main benefit of performing vacuum-assisted biopsy is in the 
diagnosis of ductal carcinoma in situ (DCIS) and borderline lesions. 
The larger volume of tissue obtained reduces the risk of missing 
areas of invasive carcinoma within areas of DCIS, effectively under-
staging the disease. Core biopsy is said to under-stage the presence 
of invasive malignancy associated with DCIS in just over 20% of 
cases, whilst this is found to occur in only around 11% of cases 
when a vacuum-assisted biopsy is performed.54

For some borderline lesions, such as radial scars and papillomas, 
core biopsy may fail to provide a definitive diagnosis. Traditionally 
diagnostic surgery has been performed when these lesions have 
been diagnosed. A larger volume of tissue is required to avoid 
missing associated atypical proliferations, DCIS or invasive carci-
noma. It has been suggested that vacuum-assisted excision of radial 
scars and papillary lesions is a safe and minimally invasive alterna-
tive to open surgical biopsy when the initial core biopsy has shown 
no evidence of atypia, although this approach still remains 
controversial.55–57

Ultrasound-guided vacuum-assisted biopsy can be used as an 
alternative to open surgery for the excision of benign lesions such 
as fibroadenomas. Typically fibroadenomas measuring less than 
30 mm are amenable to percutaneous excision using this technique, 
which is safe and well tolerated by patients.

WIRE LOCALISATIONS OF IMPALPABLE 
BREAST LESIONS

Impalpable breast cancers require some form of localisation proce-
dure prior to breast-conserving surgery so that the surgeon can 
confidently identify the tumour site. When the lesion is sono-
graphically visible the localisation is performed under ultrasound 
guidance. The most commonly employed method of localisation  
is using a hook wire. The technique is similar to performing an 
ultrasound-guided biopsy, with the localisation needle inserted 
through the lesion under ultrasound guidance. A hook or  
similar structure on the end of the wire prevents movement once 
deployed.

When biopsies have been performed under stereotactic X-ray 
guidance, particularly for small clusters of microcalcifications, it is 
common practice to insert a marker at the biopsy site. Several pro-
prietary brands of marker clips also contain ‘gel’ pellets that are 
ultrasound visible, enabling any subsequent localisation to be per-
formed under ultrasound guidance even if the original abnormality 
was not sonographically visible.

Specimen radiography is used to ensure that the lesion has  
been excised with the appropriate tissue margin. For cancer  
surgery, the surgeon aims for a 10 mm clear margin around the 
tumour.
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INTRODUCTION

Thoracic ultrasound is a valuable technique in the assessment of 
patients with thoracic disease. Although ultrasound is unable to 
penetrate normal aerated lung, and skill is required to assess the 
thoracic organs between the ribs, it has an important role in diag-
nosis and intervention within the thorax, and in fact has been used 
in this context for over 40 years.1,2

TECHNICAL REQUIREMENTS

Sonographic examination of the chest wall, axilla and supraclavicu-
lar regions (e.g. for the detection of bony metastases or lymph 
nodes) requires a linear array probe using frequencies of 5.0–
7.5 MHz. Small footprint sector transducers allow better intercostal 
access for scanning the pleura and peripheral pulmonary paren-
chyma when abnormal. Tilting and turning the sector probe within 
each intercostal space will provide good views of the pleura and 
underlying pulmonary anatomy. Convex probes provide a wider 
view which can be especially helpful in assessing large pleural effu-
sions. For the pleura and lung, frequencies from 3.5 to 5 MHz 
provide a good balance between depth of penetration and detail.3 
For routine clinical use in chest ultrasound, a combination of a 

3.5 MHz sector or curved array probe and a 5–7.5 MHz small parts 
linear probe is ideal.

EXAMINATION TECHNIQUE

Patient position

Patient position should be selected to maximise ease of examination 
and possible views. This will in some respects depend upon whether 
a diagnostic scan or guided intervention is planned. As most tho-
racic ultrasound is performed in patients with pleural effusions, 
generally the patient is positioned sitting up with their arms resting 
on a trolley or table in front of them. This widens the intercostal 
spaces, and rotates the shoulder blades externally. The examination 
is then performed from the back and in the lateral areas of the chest. 
Patients may alternatively lie in the left or right lateral decubitus 
position (with the opposite hemithorax then available for examina-
tion) with the arm raised, exposing the axillary area. A prone, 
supine or lateral decubitus position is preferable if a biopsy is per-
formed as this decreases the risk of a vasovagal episode and patients 
are less likely to move. When patients are in pain, immobile or bed 
bound (e.g. the intensive care setting) a supine position perhaps 
with minor elevation of the right or left side is often the only posi-
tion attainable. The supine position is used to examine the anterior 
hemithorax.

Technique

The transducer is positioned in parallel to the ribs in the intercostal 
space to assess the intrathoracic anatomy (lung and pleura). Moving 
along the intercostal spaces and tilting the transducer within each 
space permits detailed information to be gathered on three- 
dimensional relationships within the thoracic cavity. Longitudinal 
and transverse sections may be helpful, especially in the diagnosis 
of chest wall and rib lesions. Scanning and comparison with  
the normal side may be of value to assist interpretation of pleural 
abnormalities, particularly in difficult to access areas.

CHEST WALL

Soft tissue lesions

Suspicious findings during palpation of the chest wall are most 
easily initially examined with ultrasound. Common lesions such as 
lipomas, haematomas, lymph nodes and rib metastases may be 
detected in this manner (Figs 50.1 and 50.2). Lymph node metas-
tases appear as round to oval poorly reflective inhomogeneous 
structures (Fig. 50.3A and B). Extracapsular extension with irregu-
lar borders and diffuse infiltrating growth into vessels and the 
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surrounding tissue may rarely be seen. Reactive and inflammatory 
lymph nodes are typically oval or triangular; some are elongated 
with an increasingly reflective centre during healing. Malignant 
lymphomas also appear echo-poor. They are rounded and sharply 
bordered but do not infiltrate adjacent tissues. Although some ultra-
sound criteria help distinguish the aetiology of lymphadenopathy, 
similar pictures occur in different aetiologies.3 Malignant infiltra-
tion of the chest wall by tumour is detected with a high degree of 
accuracy using ultrasound4,5 (Fig. 50.4).

Bony lesions

The normal ribs are visualised sonographically as well-defined 
echo-poor shadows with well-defined reflective borders. Rib frac-
tures are more easily diagnosed on ultrasound than on chest radio-
graphy, with up to a 50% increase in diagnostic sensitivity using 
ultrasound.3 Typical sonographic findings are gaps, steps, disloca-
tion, haematoma and small associated pleural effusions (Fig. 50.1). 
Minute dislocations and fissures may be visible by a reverberation 
artefact, known as the so-called ‘lighthouse’ or ‘chimney’ phenom-
enon.6 This is produced by the ultrasound beam passing through 
the gap in the bony structure, and being reflected by the lung 
surface. Fracture-associated haematomas may be seen as echo- 
poor areas adjacent to the fracture and soft tissues. Osteolytic rib 

Figure 50.1 Rib fracture: 2 mm step in longitudinal section. Note 
reverberation echoes from the step (arrowhead).

Figure 50.2 Osteolytic rib metastasis. 
Intracortical rib metastasis demonstrated on 
CT (arrow). Ultrasound demonstrates normal 
visceral pleural line (open arrow) and irregular 
periosteum (arrow). Ultrasound is transmitted 
beyond the periosteum to reveal echo detail 
distally.

Figure 50.3 A: Left supraclavicular lymph node seen on CT (left, arrow) and ultrasound (right, thin arrow). Aspiration with direct 
visualisation of the needle (thick arrow) under real-time ultrasound is demonstrated. B: Subpectoral lymph node in a patient with recurrent 
breast carcinoma on CT (arrow) and ultrasound (long arrow). Biopsy under direct vision is shown on the right, with the needle clearly 
demonstrated (thick arrow) travelling through pectoralis (short arrow).

A B
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metastases cause disruption of the rib cortex with abnormal ultra-
sound transmission and inhomogeneous lesions (Fig. 50.2) and 
are usually associated with an increase in adjacent soft tissue.

Peridiaphragmatic lesions

Supradiaphragmatic and infradiaphragmatic lesions can be diag-
nosed by ultrasound with a sensitivity similar to that of CT. 
However, ultrasound is superior to CT for the demonstration of 
abnormalities of diaphragmatic motion, e.g. paralysis, because of 
the real-time observation of diaphragm motility. Diaphragmatic 
rupture may be identified, particularly if there is an associated 
pleural effusion. Inflammatory thickening of the diaphragm and 
malignant infiltration are usually visualised with ultrasound as 
irregular thickening of the diaphragm (Fig. 50.5) with loss of the 
normal diaphragmatic layers.

Thoracic lymph nodes

Ultrasound is a valuable tool in the detection, and specifically the 
diagnosis by aspiration, of supraclavicular and neck lymph nodes 
in patients with bronchogenic carcinoma. The nodes may be identi-
fied by clinical examination or staging CT, but ultrasound has been 
shown to detect impalpable lymphadenopathy and nodal enlarge-
ment not detected at CT.7 Excellent diagnostic rates have been dem-
onstrated using ultrasound-guided aspiration.8–10 This technique 
has the advantage of being very safe, and if positive for tumour 
cells, achieves both diagnosis and staging (i.e. metastatic disease) 
simultaneously.

THE PLEURA

Normal appearances

Ultrasound is unable to penetrate the normally aerated lung. In the 
presence of normal underlying lung, the parietal and visceral sur-
faces are visualised (as the ‘pleural stripe’) with the lung under-
neath. The pleural stripe is a highly reflective band which appears 
to be up to 2 mm in thickness (Fig. 50.6). Anatomically, the visceral 
and parietal pleura together measure approximately 0.3–0.4 mm.  
A non-echogenic layer may sometimes be seen proximal to the 
parietal pleural layer, representing subpleural fat.

Figure 50.4 Normal chest wall (upper image) with parietal pleura 
marked (arrow) in comparison to malignant chest wall infiltration 
(lower image) Arrow demonstrates invasion of soft tissues.

Figure 50.5 Normal hemidiaphragm (left 
image) with underlying spleen (arrow) in a 
patient with a large effusion, in comparison to 
thickened hemidiaphragm surface (right 
image) in a patient with malignant pleural 
disease (mesothelioma). The normal 
diaphragmatic layers are not differentiated 
and there is a central area of thickening 
(arrow).

Sonographic appearance of ribs

• Normal ribs appear on ultrasound as echo-poor shadows with 
well-defined borders.

• Rib fractures may be seen as breaks in the normal cortical 
surface associated with gaps, steps or pleural effusion.

• Rib fractures may be associated with the ‘lighthouse’ effect on 
ultrasound.

• Rib metastases are seen as disrupted rib cortex associated with 
increased adjacent soft tissue.
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Normal lung tissue is easily recognisable on ultrasound, as a 
structure associated with multiple, echo-free areas, created by the 
presence of air within the lung (known as ‘comet tails’,11 Fig. 50.7). 
Additionally, the normal lung moving up and down on respiration 
has a characteristic appearance on ultrasound, the so-called ‘lung 
gliding sign’. This is the sonographic representation of normal vis-
ceral pleural movement and is often described as ‘shimmering’ on 
real-time ultrasound. The visceral pleura may not be seen to move 

Figure 50.6 The pleural stripe in the normal lung, seen as a 
bright, echogenic strip (white arrow).

Figure 50.7 Normal lung echoes – the pleural stripe is once 
again seen (short arrow), and distal lung reverberation artefacts are 
seen in the lung (comet tails) (arrows).

Figure 50.8 Normal right hemidiaphragm. The lung obscures 
the structures behind it in the costophrenic angle (short arrow). 
Normal liver can be seen below, and the edge of the acoustic 
shadow cast by the lung is visible (multiple arrows).

Normal lung appearances

• Ultrasound is unable to penetrate normally aerated lung tissue.
• Normal lung is recognised by the presence of the ‘pleural stripe’, 

appearing as a highly reflective band with distal air artefacts 
(‘comet tails’).

• Normal movement of the visceral pleural surface against the 
chest wall is visualised as the ‘lung gliding sign’ and is absent in 
cases of pneumothorax or in the presence of hyper-expanded 
lung tissue.

• The normal hemidiaphragm surfaces are not well visualised in the 
absence of pleural effusion.

(especially if a previous pleural adhesion procedure had been per-
formed), and may be particularly difficult to appreciate in the apical 
areas of the lung where visceral movement is minimal. This phe-
nomenon may also be seen in patients with hyper-expanded lung 
due to obstructive lung disease (typically chronic obstructive lung 
disease).12

The normal left and right hemidiaphragms are not well visual-
ised in the presence of normal aerated lung, which acts as a curtain, 
obscuring the medial portions of these structures (Fig. 50.8). During 
the respiratory cycle, the liver or spleen can be seen during expira-
tion. Recognition of the normal appearances is an important skill 
when asked to differentiate between consolidation of the peripheral 
lung and effusion seen on a chest radiograph.

Pleural effusion

Pleural fluid detection and characteristics
Ultrasound is a far more sensitive technique for the detection of 
pleural fluid than chest radiography.13 It has largely superseded the 
lateral decubitus chest radiographs for the detection of small pleural 
effusions. Pleural fluid may be particularly challenging to diagnose 
using chest radiography when patients are supine (e.g. trauma or 
the intensive care setting),14 and thoracic ultrasound is particularly 
helpful in these situations. Estimation of pleural fluid volume has 
been shown to be more accurate using sonography than from chest 
radiographs.14 Even very small volumes of pleural fluid (3–5 mL) 
are detectable with ultrasound.15 Simple (i.e. free flowing, non-
septated) pleural fluid is seen on ultrasound as an echo-free area. 
The differentiation of thickened parietal pleura and pleural fluid 
may be difficult, as pleural thickening may also appear as an echo-
poor zone. In these cases the ‘fluid colour sign’ may be helpful, i.e. 
the movement of pleural fluid in response to cardiac pulsation and 
respiratory excursion results in positive colour Doppler signals 
with it16 (Fig. 50.9). This is regarded as definitive evidence of free 
flowing fluid within the pleural cavity.16–18

The volume of pleural fluid present may be estimated  
using measurements at thoracic ultrasound.3,19 However, these 
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Figure 50.9 The fluid colour sign. Parietal pleural (short arrow) 
and diaphragmatic surface are shown (long arrow, right). The 
Doppler signal confirms fluid movement (arrowed).

measurements are unlikely to be consistent and several studies 
have shown that the volume of a pleural effusion cannot be meas-
ured accurately, presumably because of its anatomical complexity. 
Furthermore, the clinical utility of measuring the exact volume of 
pleural fluid at sonography is not clear. In routine follow-up it is 
sufficient to measure the subpulmonary and lateral ‘fluid level’.3,15 
A rough estimate of the size of a pleural effusion can be made, using 
the level of fluid posteriorly with the patient sitting upright as a 
guide. Fluid that is present in only the basal area is classified as a 
small effusion, and moderate (mid-thorax) and large (more than 
half the hemithorax) effusions can be similarly defined.

The characteristics of the pleural fluid should also be examined. 
Ultrasound is able to differentiate echogenic and non-echogenic 
pleural fluid, and this differentiation may be diagnostically helpful. 
Swirling or floating echoes indicate particles in the fluid, such as 
cells, protein, fibrin or blood. Pleural effusions due to a transudative 
cause (i.e. diseases associated with ‘leak’ from structurally normal 
pleural surfaces, e.g. heart failure) (Fig. 50.10) are always non-echo-
genic. Exudative effusions (i.e. diseases associated with structurally 
abnormal pleura, e.g. malignancy, inflammation) may be echo-free 
or echogenic.20 The only exception to this is a heart failure associ-
ated effusion treated with diuretics, which may appear echogenic. 
The most comprehensive study in this area suggests that ‘complex’ 
effusions (i.e. septated or non-septated) and those with homogene-
ous echogenicity are always exudative, although the converse is not 
universally the case.20

Figure 50.10 Pleural effusion (E) caused by heart failure. Note 
the underlying atelectasis (A).

Figure 50.11 Empyema demonstrating echogenic (purulent) fluid 
on ultrasound, with multiple air bubbles (arrows), recognised as 
bright points associated with distal echogenic tails.

Pleural fluid

• Ultrasound is far more sensitive in the detection of pleural fluid 
than chest radiography, with small (<10 mL) volumes detectable.

• Differentiation of pleural thickening from small amounts of fluid is 
possible using the ‘fluid colour sign’, where pleural fluid 
demonstrates Doppler signals in response to cardiac pulsation.

• The presence of an ‘echogenic swirling’ pattern of fluid on 
ultrasound is highly predictive of exudative effusion.

• Septations within pleural fluid are visualised as thin or thicker 
structures dividing the fluid, and may move with the  
cardiac cycle.

• The presence of visceral or parietal nodularity and thickening of 
the hemidiaphragm may suggest a malignant aetiology.

The presence of multiple small reflective dots within pleural 
fluid, which move with the respiratory cycle (the ‘echogenic swirl-
ing sign’), is highly predictive of exudative effusions.21 Haemotho-
rax may appear as brightly coloured, echo-dense fluid, and 
empyema may give a similar appearance,20 often with many brightly 
reflective areas representing gas formed by the infecting organisms 
(Fig. 50.11).

The presence of septations within pleural fluid is easily demon-
strated on ultrasound. These septations may be thin and easily 
deformed during fluid movement (secondary to respiratory and 
cardiac excursions) (Fig. 50.12) and are in this case largely com-
posed of fibrin (‘early septations’). They may be more solid-looking 
structures which move less with the surrounding fluid, composed 
mainly of collagen (mature septations) (Fig. 50.13). Septations may 
occur in any sort of effusion, but are most common in infective and 
metabolically active diseases (e.g. TB pleuritis). Any longstanding 
effusion may result in septated pleural fluid. Septations of infected 
fluid are a particular challenge in treatment with tube drainage. 
Early evidence suggested that the presence of septations in infected 
pleural effusions was associated with the need for surgical interven-
tion.22,23 However, this finding has not been prospectively tested in 
larger cohorts, and evidence has since emerged challenging whether 
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Figure 50.14 Malignant nodule (arrow) seen on the surface of 
the hemidiaphragm (adenocarcinoma of unknown origin).

The diaphragm

The presence of a moderate to large free-flowing pleural effusion 
permits excellent visualisation of the dome of the diaphragm. The 
normal diaphragm is a fibromuscular layer that consists of a single 
layer of muscle that can be divided into three regions, the sternal, 
costal and lumbar areas, which are named according to their sites 
of origin. This muscular layer is lined with the endothoracic fascial 
membrane superiorly and the transversalis fascial membrane infe-
riorly. Sonographically five distinct layers of the diaphragm are 
generally visible. The muscular layers appear hypoechoic and the 
membranous layers echogenic. The normal diaphragm generally 
measures <5 mm in thickness, although this is dependent on a 
number of factors, most importantly respiration, which results in 
an increase in thickness on inspiration and a decrease on expiration. 
The diaphragm should be gently curved (concave upward) – in the 
presence of large effusions, the shape of the diaphragm may change 
to become inverted (Fig. 50.15). This is usually associated with 
severe symptoms, and aspiration of even a small amount of fluid 
(e.g. 500 mL of a 3000 mL effusion) may reverse the inversion and 
result in substantial symptomatic relief.

Assessment of diaphragm movement in cases of suspected paral-
ysis or phrenic nerve damage is easily conducted using real-time 
sonography, asking the patient to ‘sniff’ and watching for reversal 
of the normal downward diaphragm movement. The presence of 
rounded distinct nodules on the diaphragm surface (only visualised 
in the presence of adjacent pleural fluid) is highly suggestive of 
malignancy.

The lung and visceral pleura

The visceral pleura and underlying lung may also be assessed. The 
presence of a pleural effusion results in lung atelectasis, which 
appears as an echo-dense structure that moves with the cardiac 
pulsation and respiration (Fig. 50.16). If the underlying lung 
is abnormal (e.g. in effusion associated with pulmonary infarction 
or parenchymal infection), this may be visualised through the 
pleural fluid clearly, showing hyperdense lung parenchyma and 
specific appearances such as fluid bronchograms (see relevant  
sections later).

disruption of septations using intrapleural agents alters  
outcome.24

There is emerging data that ultrasound may be a useful technique 
in the diagnosis of malignant pleural effusions. The sonographic 
finding of pleural fluid, nodules or diffuse thickening in patients 
with known malignancy is suggestive of metastatic pleural involve-
ment25,26 (Fig. 50.14). The presence of similar criteria to that used in 
contrast-enhanced CT scanning of the pleura (i.e. parietal pleural 
thickening, nodularity, the presence of diaphragmatic nodules) on 
ultrasound has been prospectively assessed in a recent study, dem-
onstrating reasonable sensitivity and high specificity for the diag-
nosis of a malignant pleural effusion.27 It is not possible to reliably 
differentiate mesothelioma from secondary carcinoma-induced 
pleural effusions by ultrasound. The presence of an area of pleural 
thickening or nodules may also provide a potential biopsy target 
(see later section).

Figure 50.13 Mature, thick septations in a patient with a chronic 
pleural infection. Locules are seen with varying echogenicity divided 
by septations of varying width.

Figure 50.12 Non-echogenic fluid in association with a few thin 
septations (arrows), which were seen to move easily with the 
cardiac pulsation in real-time ultrasound.
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moved by associated cardiac pulsation and respiratory movement, 
whereas this is less evident with consolidation/infarction.

Pneumothorax

Pneumothorax is detectable at ultrasound, with some significant 
and important limitations. The presence of a pneumothorax is 
implied at ultrasound by:28

1. absence of breath-related movement of the visceral pleura 
(‘gliding sign’)

2. apparent broadening and brightening of the pleural stripe
3. increased reverberation artefacts (i.e. absence of comet tails), 

with a bland distal picture.
These changes are most readily recognised if compared to the 

non-pneumothorax side of the chest (Fig. 50.17). The presence of 
lung sliding in association with comet tail artefacts rules out pneu-
mothorax with 100% negative predicative value, and the combina-
tion has a positive predictive value for the diagnosis of normal lung 
approaching 100%.29–31 However, the absence of lung sliding and 
comet tail artefacts does not consistently diagnose pneumothorax, 
especially in the context of obstructive lung disease (see later).

The extent and size of pneumothorax may not be assessed using 
ultrasound32 – a chest radiograph or CT is required to assess the 
degree of lung dehiscence from the chest wall, as ultrasound only 
detects the presence of a rim of air in the pleural cavity.28 However, 
several studies have shown that ultrasound is more sensitive in the 
detection of pneumothorax post lung biopsy32–35 and in the trauma 
setting36,37 than chest radiography. Identification of the ‘lung point’ 
(which is the fleeting appearance of an ultrasound pattern of lung 
replacing the ultrasound pattern of pneumothorax in a particular 
position on the chest wall) has been associated with a 100% specifi-
city of pneumothorax detection.38,39 Thoracic ultrasound has also 
been shown to have a high sensitivity (around 92%) in the detection 
of ‘occult’ (i.e. missed on the chest radiograph) pneumothorax in 
trauma patients,40,41 although false positives occur. Important limi-
tations exist in the detection of pneumothorax at ultrasound – the 
differentiation of pneumothorax and lung in patients with obstruc-
tive lung disease is difficult and shown in a study to be poor and 
unreliable.12

The clinical utility of ultrasound in the detection of pneumotho-
rax also requires some consideration, when there are excellent and 
sensitive tests widely available (e.g. CT which will be undertaken 
in the majority of major trauma victims where available). Ultra-
sound may be useful as a screening tool for pneumothorax in 

Compression atelectasis of the lower lobe is frequently observed 
in large and moderate-sized pleural effusions at the lower edge of 
the lung that cannot be delineated clearly from the lung. This reflec-
tive concave structure, often shaped like a hockey stick, is seen 
flapping in the effusion owing to transmitted cardiac pulsation and 
respiratory movement. The lobe is often tightly collapsed and 
appears small compared to the volume of the pleural effusion, in 
contrast to the situation in pulmonary embolism or consolidated 
lung where there is little loss of volume, hyperdensity and bright 
echogenicity. In addition, atelectatic lung appears to be easily 

Figure 50.15 Inverted hemidiaphragm with loss of normal 
convex shape (arrowed) and associated with severe breathlessness.

Figure 50.16 Atelectatic lung (short arrow) associated with a 
large simple pleural effusion and a thickened hemidiaphragm  
(long arrow).

Figure 50.17 Pneumothorax. Normal side (left) with echoes from 
the lung surface (arrowhead) that moved in real-time. Stationary 
reverberations indicate the pneumothorax (right).



CHAPTER 50 • Lung, pleura and chest wall

1012

Figure 50.19 Intercostal artery on colour Doppler (arrow) – the 
patient was scanned posteriorly near the spinous processes, where 
the artery is often not shielded by the rib.

conducted without image guidance, needle puncture sites were 
found to be below the diaphragm on subsequent sonography.48 In 
an elegant study, Diacon et al.49 demonstrated an increase in accu-
racy of site selection using ultrasound scanning by 26%, and 
decreased organ puncture in 1 in 10 cases using ultrasound guid-
ance, even where ‘blind’ aspiration was conducted by experienced 
clinicians.

Ultrasound is particularly useful in the intensive care unit (ICU), 
where positive pressure ventilation makes pneumothorax hazard-
ous, and supine patients make diagnosis difficult on chest radiog-
raphy alone. A small pneumothorax rate of 1.3% has been reported 
in large series of ICU patients aspirated under ultrasound control.50

Ultrasound permits visualisation of the underlying lung and dia-
phragm, thereby avoiding accidental lung puncture and pneumot-
horax, and visceral organ injury. The intercostal vessels may be 
identified using colour Doppler and thereby avoided (Fig. 50.19) – 
this is especially important in elderly patients (where their route is 
unpredictable) and for access to posterior collections (e.g. empye-
mas) where the intercostal arteries are likely to lie centrally in the 
intercostal spaces. Sonography may in addition identify areas of 
lung that are tethered to the pleural surface (presumably from 
previous parietal inflammation and adhesion), preventing acciden-
tal lung puncture (Fig. 50.20).

Although many radiologists will conduct an ultrasound exami-
nation and ‘mark’ a suitable area on the chest for another clinician 
to attempt aspiration or drain insertion, we would not recommend 
this except in the largest of effusions or where no other choice exists. 
The presence of the ‘mark’ on the patient’s skin often leads to over-
confidence by the clinician conducting the procedure, and skin 
marks can easily move with movement of the patient’s shoulder 
blade or arm. Furthermore, if patients are sent to a different clinical 
environment in which the procedure will take place, the patient 
may not be placed in the same position as was used for the ultra-
sound scan. Interestingly, the ‘X marks the spot’ technique of 
image-guided pleural aspiration is not associated with a reduction 
in pneumothorax rate.44

It is our practice to aspirate or insert drains using direct ultra-
sound vision of the needle entering the pleural space, or to mark a 

Figure 50.18 Guide-wire in pleural fluid during drain insertion 
(short arrow). The curved distal portion of the wire can be seen 
(long arrow).

Pneumothorax

• Pneumothorax is implied at ultrasound by the absence of the 
lung gliding sign, absence of the pleural stripe and absence of 
comet tails.

• The size of pneumothorax may not be assessed using ultrasound 
(unable to penetrate air).

• Bullous or obstructive lung disease may appear as a 
pneumothorax on ultrasound and caution is required in 
interpretation in patients with these lung conditions.

circumstances where CT imaging is not available, but further 
studies are required to clarify its exact role.

Ultrasound-guided interventions for  
pleural effusion

The ‘real-time’ capability of ultrasound makes this technique ideal 
for guided intervention in the thoracic cavity (Fig. 50.18). Studies 
have demonstrated that ultrasound-guided thoracocentesis or 
drain insertion is safe (see below), with a complication rate that 
compares favourably to the quoted complication rate of ‘blind’ 
pleural aspiration (20–39%).42

The complication rate of pleural aspiration is reduced using ultra-
sound guidance.42–44 Directly comparative studies suggest lower 
pneumothorax rates (0–3% versus 29–18%42,44) and lower need 
for subsequent tube thoracostomy using ultrasound guidance.44,45 
An interesting and large series suggests that the vast majority of 
ultrasound-guided thoracocentesis-associated pneumothoraces are 
due to ‘trapped lung’ rather than lung puncture as determined by 
pleural physiological characteristics.46

Ultrasound-guided aspiration is successful after failed ‘blind’ 
aspiration in up to 88% of cases.47,48 In over 50% of ‘dry taps’ 
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Visualisation of the position of catheters within the pleural space 
is possible with ultrasound. They are seen as bilaminar structures 
within pleural fluid (Fig. 50.23), and the presence of a correctly 
positioned intrapleural drain may be confirmed using sterile saline 
flushes and assessing the ‘blush’ seen in the pleural space in 
response to the injected saline using real-time ultrasound. This is a 
valuable technique where drainage from a catheter has slowed  
or stopped, and permits decisions on further drains, intrapleural 
thrombolytics (in the case of septated effusions) or drain reposi-
tioning to be made. Direct demonstration of the utility of  
intrapleural thrombolytics in septated malignant effusions has been 
demonstrated.52

Ultrasound is increasingly used before more invasive pleural 
procedures such as prior to medical thoracoscopy. One small study 
has suggested that the use of pre-thoracoscopy ultrasound permits 
safe entry into the chest cavity.53 The demonstration of a highly 
septated effusion associated with lung tethering suggests that the 
thoracoscopic procedure will be challenging, and may suggest 

site and immediately aspirate or insert a drain without moving the 
patient.

The real-time capability of ultrasound also permits separate 
puncture of loculated effusions – this has been shown to be of 
diagnostic value in patients with pleural infection, in which pleural 
fluid pH is a key diagnostic marker. The pH has been shown to be 
different in each locule sampled,51 with implications for the way in 
which the patient was managed. For the drainage of infected pleural 
collections, sonographic guidance during drain insertion may 
permit the largest locule to be entered and septations to be dis-
rupted during insertion of guide-wires and drains (Fig. 50.21).

Following any aspiration procedure, the amount of pleural fluid 
remaining may be assessed. Intercostal artery bleeding is perhaps 
the most serious complication of pleural intervention, due to a large 
space into which bleeding may occur (Fig. 50.22). Ultrasound with 
colour Doppler may be used to assess the pleural space post proce-
dure to ensure blood is not accumulating and does not require 
urgent interventional radiology or thoracic surgical input.

Figure 50.20 Fibrinous attachments (short arrows) between 
collapsed lung (thick arrow) and parietal pleura (long arrow). These 
were thought to have arisen as a result of previous attempts at 
pleural aspiration.

Figure 50.21 Septated effusion with guide-wire (arrow) in situ, 
crossing septations.

Figure 50.22 Intercostal bleed. Pre- and 
post-ultrasound images in a patient 
undergoing intercostal drain insertion. The 
drain can be seen on the ultrasound image 
(small arrow) as a bilaminar structure. Heavily 
echogenic material is seen in the pleural 
space post procedure (large arrow), 
representing frank blood.
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Figure 50.23 Intercostal drain in situ (arrow) in a patient with 
malignant pleural effusion, seen as multiple bilaminar structures.

Figure 50.24 Lung consolidation seen on ultrasound as bright 
echogenic lung (brighter than adjacent liver) in association with a 
small pleural effusion (arrow).

Ultrasound-guided interventions for pleural effusion

• Ultrasound-guided aspiration and drain insertion is more accurate 
and safer than ‘blind’ procedures.

• Where possible, procedures should be conducted using real-time 
ultrasound or marking the skin and immediately conducting the 
procedure. Marking the skin with a possible procedure entry site 
for another clinician may lead to inaccurate aspiration/drain 
insertion.

• Intrapleural bleeding may be assessed post pleural procedure at 
ultrasound.

• The position of intercostal drains within the pleural space may be 
assessed using ultrasound and the injection of sterile saline.

make a diagnosis based on the sonographic features alone. In con-
junction with the plain chest radiograph and the patient’s clinical 
history, sonographic analysis of the lung may provide important 
aetiological information.

Pneumonia

In the early congestive stage of disease, the texture of the pneu-
monic lung is homogeneous and similar to that of the liver. As the 
process progresses within the lung, and the alveolar spaces are 
increasingly filled with inflammatory exudate, the echotexture may 
become brighter than the liver (Fig. 50.24). Pneumonia shows a 
bizarre outline and is rarely segmented in shape like pulmonary 
infarction, or round like carcinomas and metastases. It is character-
ised by an irregular, serrated and somewhat blurred margin. A 
marked tree-shaped air bronchogram56 is found in about 90% of 
cases. Numerous lenticular echoes measuring a few millimetres in 
size are frequently observed extending to the pleura.57,58 During all 
stages of the disease process, the air bronchogram is more pro-
nounced than in pulmonary embolism (Fig. 50.25).

A characteristic feature of pneumonia seen on ultrasound is that 
the pneumonia appears smaller on the sonogram than on plain 
films in more than 50% of cases, as a result of reverberation artefacts 
obscuring the extent of the pneumonia. Where a pneumonia appears 
larger on ultrasound than on the chest radiograph, this may repre-
sent parapneumonic effusion.20,28,56,58

Inflammatory exudate within and surrounding air spaces may be 
seen on ultrasound as the ‘fluid bronchogram’, which appears as 
anechoic tubular structures in the position of the bronchial tree. 
Bronchial walls are more reflective and wider than vessel walls, and 
fluid bronchogram can be differentiated from pulmonary vessels 
using colour Doppler imaging. The presence of persistent fluid 
bronchograms once the acute illness has recovered may suggest 
post-stenotic pneumonitis and requires further investigation (e.g. 
CT or bronchoscopy). Post-stenotic pneumonia can be better  
delineated from the tumour by ultrasound than on a plain 
radiograph.20,58

Several studies have been conducted on the aspiration of consoli-
dated lung to achieve microbiological diagnosis.59–61 While in these 
small studies the technique appears to be safe, the clinical value is 
not yet certain – larger studies assessing the diagnostic value and 
associated change in antibiotic management are required before this 
becomes a routine or commonplace investigation.

other diagnostic tests instead (e.g. CT-guided biopsy of pleural 
thickening). In addition, the presence of induced pneumothorax, 
which is necessary for safe thoracoscopic examination of the pleural 
cavity, can reliably be assessed in real-time using ‘on table’ ultra-
sound during medical thoracoscopy.

Recent evidence from animal models suggests that thoracic ultra-
sound may be a useful technique in the assessment of a successful 
pleurodesis,54 used in the case of pneumothorax or malignant 
pleural effusion treatment to prevent air or fluid recurrence. A 
single study has prospectively assessed this in patients undergoing 
abrasion pleurodesis for prevention of recurrent pneumothorax,55 
and found that the absence of the ‘lung sliding’ sign was predictive 
of a successful long-term outcome. Further studies assessing its use 
in different forms of pleurodesis and in different disease states are 
needed.

PERIPHERAL LUNG CONSOLIDATION

Any intraparenchymal process which extends to and involves the 
visceral pleural surface may be visualised using ultrasound. Recog-
nition and identification of such lesions is important, specifically to 
allow differentiation of fluid requiring drainage and abnormal 
lung. However, the appearances are usually not specific enough to 
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Figure 50.25 Pneumonia. Poorly demarcated consolidation with 
an air bronchogram (arrow).

Lung consolidation

• Lung consolidation appears on ultrasound as bright lung tissue of 
higher attenuation than adjacent soft tissue structures (e.g. liver).

• Air and fluid bronchograms may be visualised within consolidated 
lung and are strong evidence of the diagnosis.

• Assessment for associated pleural effusion in the context of 
infective lung consolidation is important as these collections may 
require drainage.

Figure 50.26 Consolidated lung (C) with several small abscess 
cavities (A) and associated empyema (E). A chest tube can be seen 
in situ (T ).

different stages, including immediate haemorrhage or early infarct 
as well as long-term injury of the peripheral lung parenchyma.

Previous studies suggest that up to 40% of cases of pulmonary 
embolus will be associated with sonographic abnormalities.62 
Studies comparing ultrasound and pathological anatomical find-
ings have demonstrated that early haemorrhage and infarcts are 
echo-poor, homogeneous, more rounded and less sharply bor-
dered, in contrast to older infarcts which are well demarcated, 
wedge shaped, coarsely structured with a reflective centre corre-
sponding to the bronchiole.63,64 In a minority of cases, the blocked 
pulmonary artery may be visualised, the so-called ‘vessel sign’  
(Fig. 50.27). On sonography the lung infarct is 1–2 cm smaller than 
the perfusion defect revealed by angiography or scintigraphy. As 
in earlier pathological studies, ultrasound studies were also able to 
show that the occlusive embolus lies up to 2 cm central to the  
infarcted area.64 Attention should be drawn to the frequent autopsy 
findings of multiple pulmonary emboli and infarctions of appar-
ently varying age (Fig. 50.28). This finding is important since it 
indicates that these patients suffered successive embolisations and 
that death might have been prevented if an early diagnosis had 
been made.

Prospective studies have assessed the clinical utility of thoracic 
ultrasound in the detection of pulmonary embolus, as compared to 
the ‘gold standard’ of CT pulmonary angiography.65–68 These studies 
examined populations with variable prevalence of pulmonary 
embolus, and suggest in summary a thoracic ultrasound sensitivity 
of 76–98% and a specificity of 66–95%.

Therefore, although thoracic ultrasound is associated with very 
reasonable sensitivity and high specificity in the diagnosis of pul-
monary embolus, the diagnostic inclusion and exclusion rates are 
not high enough in isolation to be able to inform clinical decisions. 
Ultrasound may detect small peripheral emboli not seen at per-
fusion scanning, but conversely may not detect large central 
emboli.63 Furthermore, as radiological investigations with a higher 
sensitivity and specificity are available (e.g. VQ scanning, CT pul-
monary angiography), the practical use of ultrasound for the diag-
nosis of pulmonary embolus is questionable. In areas where there 
is poor access to other techniques, it may have a role but remains 
lower than ideal in isolation for sensitivity and specificity of 
diagnosis.

In two-thirds of cases with pulmonary embolism, deep vein 
thrombosis is the source of embolism. Compression duplex ultra-
sound is an accurate procedure to diagnose definitively the source 
of pulmonary embolism in the case of deep vein thrombosis of the 
legs (see Chapter 64). Right atrial thrombus is a recognised predic-
tive factor of high mortality in patients with pulmonary embolism. 

Lung abscesses are depicted on ultrasound as round or oval echo-
free lesions (Fig. 50.26). Differentiation from small, loculated pleural 
collections may be challenging, and thoracic CT is the gold standard 
technique in this circumstance. Micro-abscesses are more easily and 
frequently visualised on ultrasound than on plain chest radiogra-
phy. Aspiration of infected fluid under ultrasound control is feasi-
ble, to provide microbiological information and drain the infected 
collection. However, crossing the parietal and visceral pleural  
surfaces adjacent to potentially damaged lung and entering  
infected abscess fluid is associated with a risk of ‘spilling’ the 
abscess contents into the pleural space, resulting in empyema and 
potentially infected bronchopleural fistula. The majority of lung 
abscesses are therefore managed with directed antibiotic therapy 
for prolonged periods, with drainage procedures reserved for 
resistant or difficult cases.

Pulmonary tuberculosis is polymorphic on chest radiographs as 
well as on chest sonography, which reveals isolated or numerous 
subpleural nodular echo-poor lesions, round or irregular in shape. 
Concomitant pleural effusions and liquefactions in the infiltrated 
parenchyma are well demonstrated on sonography.

Pulmonary embolus

A moderate-sized pulmonary embolus associated with lung infarc-
tion will be associated with under-perfused peripheral lung paren-
chyma, and associated changes which may be visualised using 
thoracic ultrasound if the changes reach the visceral pleural surface. 
Some minutes after complete embolic occlusion of a peripheral 
pulmonary artery there is a breakdown of surfactant and infiltration 
of interstitial fluid and erythrocytes into the alveolar spaces. Con-
gestion of the alveoli allows ultrasound imaging. In contrast to 
angiography and helical CT, which depict the embolus itself, chest 
sonography documents the outcome of pulmonary embolism at its 
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Figure 50.28 Central pulmonary 
embolism. A: Confirmed by spiral-CT 
(arrowhead) and small peripheral 
consolidation (arrow) similar in size to B: the 
ultrasound lesion (arrow). C: Further triangular 
infarct (13 mm), not detected on CT.

A

B

C

Pulmonary emboli

• Pulmonary emboli may be associated with changes visualised at 
thoracic ultrasound.

• Large infarcts associated with lung infarction and effusion are 
easily seen, whereas smaller and more central infarcts may be 
difficult to visualise.

• Given the excellent sensitivity and specificity of other radiological 
techniques, ultrasound is not recommended as a diagnostic test 
for pulmonary embolic disease.

Figure 50.27 Pulmonary infarcts. A: Note the wedge-shaped, echo-poor configuration (arrowhead). B: The occluded supply artery is 
seen (arrow).

A B

Bedside leg vein scanning, echocardiography and chest ultrasound 
can be performed in emergency units.

Lung cancer and metastases

Peripheral lung carcinoma abutting the visceral pleural surface, and 
subpleural lung metastases may be visualised on ultrasound as 
round, oval or lobular echo-poor inhomogeneous structures. 
Peripheral areas of these lesions may be characterised by an echo-
poor halo and spiculations, and central necrosis may be observed. 
Infiltration of the pleura and chest wall is well observed on thoracic 
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designed needle holders and markers for biopsy purposes else-
where in the body are not in general used in the thorax due to the 
presence of the ribs, which will obstruct the needle’s path. Real-time 
ultrasound guidance is therefore usually employed with one hand 
holding the transducer, and the other holding the aspiration needle 
or a triggered biopsy gun. This approach provides interactive feed-
back between real-time imaging and needle manipulation.

Although there have been no comparative studies between  
ultrasound- and CT-guided techniques, ultrasound-guided biopsy 
is likely to have a similarly high diagnostic yield (over 90%) in 
selected patients. Several studies have reported comparative diag-
nostic yields for CT- and ultrasound-guided pleural biopsy in 
malignant disease71,72 and in lung, mediastinal and pleural dis-
eases.73 For the diagnosis of pleural lesions that are visible on ultra-
sound, the diagnostic rate is highly likely to be far in excess of that 
seen using ‘blind’ (e.g. Abrams’ needle) pleural biopsies, especially 
as tumour masses are often best seen in the inferior and posterior 

ultrasound with, disruption of the pleura, infiltration of the chest 
wall and fixation of the tumour during breathing, and parietal 
pleural invasion has been shown to be more reliably reported on 
ultrasound than CT27 (Figs 50.29–50.32). Although more central 
tumours are not normally visualised by ultrasound due to interven-
ing aerated lung, the presence of post-obstructive atelectasis may 
permit their identification. Even central tumours can be depicted if 
there is an atelectasis extending out to the pleura.4

Benign and malignant lung lesions may in some cases be differ-
entiated with the aid of colour Doppler ultrasound, due to their 
different vascular patterns and blood flow69,70 (Figs 50.33 and 50.34). 
This ability is limited within the lung parenchyma due to poor 
normal visibility of pulmonary blood flow sonographically.

Ultrasound-guided biopsy

Fine-needle aspiration or larger core biopsies may be obtained 
using ultrasound on any intraparenchymal lung lesion abutting the 
pleural surface, pleural or chest wall lesions, lymph nodes in the 
neck or supraclavicular fossae and the mediastinum. Specifically 

Figure 50.29 Subpleural metastasis (7 mm) from an 
adenocarcinoma. Similar lesions could be caused by tuberculosis, 
pleuritis or pulmonary embolism.

Figure 50.30 Peripheral lung cancer. The pleura is disrupted 
and the tumour is infiltrating the chest wall.

Figure 50.31 Large peripheral lung cancer. A lobulated mass 
with central necrosis (N).

Figure 50.32 Central lung cancer (TU). The atelectasis (A) 
provides an acoustic window. Note the tumour necrosis (N).
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portions of the hemithorax, which are the areas most avoided using 
blind techniques.

Studies have demonstrated successful ultrasound-guided biop-
sies in peripheral pulmonary nodules less than 3 cm in diameter74 
and in lung consolidation associated with central necrosis.75

Figure 50.33 Irregular vascularisation at the margin of a lung 
cancer.

Figure 50.34 Tumour neovascularisation. The tortuous vessel 
produces the ‘corkscrew’ sign.

The complication rate is low: 1–2% haemoptysis; 1–3% pneumot-
horax; and 1% requiring chest drainage.57,61,74–80 It should be noted 
that the complication of pneumothorax during an ultrasound-
guided lung biopsy procedure will cause total loss of vision using 
the ultrasound transducer, and CT will be required for any further 
immediate biopsy attempts. Colour Doppler ultrasound is a helpful 
guide to selecting the safest route for the insertion of a needle and 
to avoid injury to the regional pulmonary vessels. In addition, this 
simple diagnostic procedure makes it possible to spare patients the 
discomfort of pleural endoscopies or even thoracotomies.

There is a small but important risk of ‘tumour seeding’ in the 
biopsy channel after ultrasound-guided biopsy. A review of over 
95 000 cases of ultrasound-guided biopsy (not restricted to thoracic 
disease) found 6 metastases after fine-needle aspiration (<0.005%) 
and 11 after cutting needle or chest tube insertion (0.012%).81 The 
significance of this in terms of patient outcomes is unknown but is 
unlikely to be limiting or preventative in terms of use of this 
technique.

Colour Doppler ultrasound

Colour Doppler permits non-invasive assessment of morphology 
and function of thoracic disease, as reflected in the organ blood 
supply and perfusion. Vascular structures in pulmonary consolida-
tion are visualised as thin-walled, echo-poor pulsating, branched 
tubular structures arising from the hilar region, with blood flow 
detected by Doppler.82

Rapid respiratory movement may produce extensive artefacts in 
colour Doppler imaging, making analysis impossible. Non-vascular 
colour Doppler signals may appear within the fluid collection in the 
pleural space during respiratory and cardiac cycles.16 This has been 
referred to as the ‘colour fluid sign’ and can be useful in the  
differentiation of echo-poor pleural thickening from pleural  
fluid. If there is doubt, spectral Doppler will clarify the situation.

Pulmonary sequestration is associated with specific colour 
Doppler ultrasound appearances:83

1. a large tortuous pulsating feeding artery in the consolidated 
lung

2. spectral Doppler reveals an arterial waveform, with a spiking 
systolic wave and persistent low diastolic flow; and

3. the flow is directed into the lesion from a feeding artery that 
arises from the aorta or from below the diaphragm.

Lung cancers and metastases are characterised by increased flow, 
irregular vessels, which are tortuous at the margins of the tumour, 
and arteriovenous malformations. A characteristic ‘low resistance 
tumour flow’ indicates the presence of abnormal neovascularisation 
that is frequently found in malignant tumours69 (Fig. 50.34). Pneu-
monia is characterised by dilatation of normal pulmonary artery 
branches. The pulsatility index is higher in obstructive pneumonia 
than in simple pneumonia.

Colour Doppler may be helpful in the diagnosis and assessment 
of the perfusion status in cases of pulmonary infarction. In the early 
stage no pulmonary arterial blood flow is visible. However, this 
characteristic sonographic finding, the so-called ‘consolidation with 
little perfusion’, is only rarely detected, probably because of early 
reperfusion. Trans-thoracic biopsy is safer if colour Doppler 
imaging is available to avoid needle penetration through the main 
pulmonary vessels and thus reduce complications such as 
haemoptysis.

MEDIASTINUM

Mediastinal masses are often discovered incidentally on chest 
X-rays. CT plays an important role in their differential diagnosis. 
The mediastinum consists of solid and liquid components that 
allow the ultrasound beam to pass but is surrounded by ‘sound-
unfriendly’ structures, mainly air.
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position. The large vessels and their relationship to the heart at 
various levels serve as mediastinal landmarks. The examination is 
preferably done in expiration.

Sonographic studies of the mediastinum are limited by emphy-
sema, scars caused by inflammation or surgery or radiotherapy, 
spinal deformations and movement artefacts. Moreover, sonogra-
phy only shows some sections of the mediastinum. The quality of 
the examination depends on the experience of the examiner, the 
equipment and the patient’s condition. A profound knowledge of 
mediastinal anatomy is indispensable. Colour Doppler ultrasound 
has made it easier to learn and perform mediastinal sonography, it 
shortens examination time and improves the quality and accuracy 
of B-mode imaging.84
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Musculoskeletal ultrasound needs appropriate equipment, careful 
technique, sound knowledge of anatomy and appreciation of clini-
cal disorders.

Commercially available linear array transducers of the order of 
7–12 MHz and 4 cm length are adequate for most musculoskeletal 
examinations. Small footprint, high-frequency transducers are often 
used to examine the hands, fingers and sites that are difficult to 
access although they have a limited field of view (FOV). Large FOV 
linear array transducers suffer from poor lateral resolution for 
superficial structures. Extended FOV imaging (Fig. 51.1) compen-
sates for the limited range of medium-sized transducers.

Compound imaging reduces artefacts such as speckle, improves 
resolution and helps to overcome the effects of anisotropy in 
tendons and muscles. As the image is generated at different angles 
of insonation at least some of the sound should be perpendicular 
to the muscle or tendon.1 Beam steering overcomes the effect of 
anisotropy although in practice experienced sonologists compen-
sate automatically by altering the angulation of the transducer.

Colour or power Doppler is essential in the assessment of tendi-
nopathy (Fig. 51.2) and inflammatory arthropathy. Neovascularity 
in tendinosis may be missed or underestimated if the tendon is 
under tension; therefore Doppler examination of tendons should be 
performed with the muscle–tendon complex relaxed (Fig. 51.3). 
Neovascularity has a positive correlation with pain. Contrast-
enhanced techniques and pulse inversion harmonic imaging  
may improve sensitivity to vascular changes in inflammatory 
arthropathy.2

Good technique is important to optimise imaging and diagnostic 
information and to avoid repetitive stress injuries to the operator.

A stand-off is not required although copious jelly may be needed 
to examine superficial structures.

Generally speaking the patient should be positioned to minimise 
the strain on the operator’s shoulder and arm by having the patient 

lower than the operator and the operator’s hand resting on the 
patient. Twisting of the operator’s neck and torso should be avoided.

Technique and equipment settings are subjectively determined by 
the operator but guidance can be offered. Detailed information about 
examination technique has been produced by the European Society 
of Musculoskeletal Radiology and is available at essr.org.3 The trans-
ducer should be gripped around its face (i.e. at the end opposite the 
cable) between the thumb and forefinger with the ulnar border of the 
hand placed on the patient to provide maximum control of the trans-
ducer and support. The transducer cable should be held in the 
opposite hand to reduce the weight on the operating hand. The 
transducer should be moved slowly and smoothly. Fine movements 
may be achieved by pulling and pushing with the hand that does not 
hold the transducer. Slow and slight changes in angulation may be 
needed to overcome the effects of anisotropy and achieve a perpen-
dicular angle of insonation to tendon or muscle. Transducer pressure 
should be light, although increased pressure may be needed to reach 
deeper structures or to displace fluid. Heavy pressure may efface 
muscle hernias or reduce Doppler signal.

Always ask the patient to indicate the site of symptoms although 
this can be misleading; pain from rotator cuff impingement, for 
example, is frequently felt distal to the shoulder. If there is no pal-
pable abnormality it may help to mark the skin before starting to 
scan. Muscle tears and hernias may become more obvious if the 
patient contracts and relaxes the relevant muscles.

Comparison with the opposite side is helpful when the operator 
is unsure if appearances are normal or abnormal.

Ian Beggs

Technique

• Move the transducer slowly.
• Ensure maximum support for the operator’s hand.
• Pay attention to ergonomic factors.
• Compare with the opposite side if unsure if findings are normal/

abnormal.

Neovascularity

• Neovascularity in tendons on Doppler ultrasound correlates  
with pain.

• Neovascularity may be missed if the tendon is under tension 
when examined.

MUSCLES

Skeletal muscle is composed of elongated muscle fibres that are 
covered by thin connective tissue, the endomysium. Muscle fibres 
are grouped together in muscle bundles or fascicles and are sur-
rounded by perimysium, or fibro-adipose septa, which contains 
vessels and nerves. A thicker connective tissue sheath, the epimy-
sium, surrounds the whole muscle. Muscles lie deep to the deep 
fascia.

The arrangement of muscle bundles in an individual muscle 
depends on muscle function and shape. A parallel arrangement is 
seen in strap muscles such as sartorius and also in rectus abdominis 
which is divided into segments by transverse tendinous intersec-
tions that are echogenic. In fusiform muscles the bundles are almost 
parallel in mid-substance then converge as they run to the tendon. 
In pennate muscles the fascicles run oblique to the line of traction. 
This increases the insertional area of the fascicles and the force of 
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Figure 51.1 Transverse, extended FOV image of quadriceps 
muscle. The individual muscles are defined by the echogenic 
epimysium and enveloped by the echogenic deep fascia. Short 
echogenic streaks and ‘dots’ within the muscles are due to the 
fibro-adipose septa. RF, rectus femoris muscle; VM/VI/VL, vastus 
medialis/intermedius/lateralis muscles respectively.

Figure 51.2 Longitudinal power Doppler scan of patellar 
tendon showing tendinosis adjacent to the inferior pole of the 
patella. The proximal tendon is swollen, hypoechic and ill-defined. 
There is prominent abnormal Doppler signal in the tendon and 
adjacent soft tissues typical of symptomatic tendinosis.

Figure 51.3 Longitudinal scans showing chronic tendinosis of the distal Achilles tendon. Neovascularity is obvious when the tendon 
is relaxed (A) but is almost completely abolished when the tendon is under tension (B).

A B

Figure 51.4 Extended FOV long-axis scan of medial head of 
gastrocnemius (superficial) and soleus (deep) muscles. Both 
are unipennate muscles. The echogenic fibro-adipose septa run 
obliquely to insert in the echogenic, linear aponeurosis.

Figure 51.5 Sagittal extended FOV scan of infraspinatus 
muscle. The fibro-adipose septa appear as multiple ‘dots’ on this 
short-axis scan. The deeper part of the muscles is diffusely 
hyperechoic – individual muscles may show variable echogenicity. 
Comparison with the opposite side often helps to confirm that such 
variations are normal.

Muscles

• Muscle bundles are hypoechoic but become echogenic with fatty 
infiltration.

• Fibro-adipose septa, tendons and aponeuroses are echogenic 
and are anisotropic.

contraction of the muscle. Unipennate muscles (e.g. flexor pollicis 
longus) have a peripheral aponeurosis or tendon; bipennate muscles 
(e.g. rectus femoris) have a central tendon; and multipennate 
muscles (e.g. deltoid) have more than one tendon in the muscle 
substance. Muscles may have more than one muscle belly (e.g. 
biceps femoris) or have a spiral course (e.g. pectoralis major).4

Normal muscle bundles are hypoechoic but become hyperechoic 
with fatty infiltration.

Fibro-adipose septa, intramuscular tendons and aponeuroses 
and epimysium are hyperechoic. Fibro-adipose septa appear as 
linear, almost parallel bands of increased echogenicity on longitu-
dinal scans (Fig. 51.4) and as small echogenic ‘dots’ on transverse 
scans (Fig. 51.5). Echogenicity is lost if the ultrasound beam is not 
perpendicular to the fibro-adipose septa and the muscle then 
appears artefactually hypoechoic. Intramuscular tendons and 
aponeuroses are well defined and echogenic. They are better 
assessed on transverse scans.
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TENDONS

Tendons link muscle to bone and have great tensile strength. 
Tendons are largely composed of water but type 1 collagen accounts 
for 70% of the dry weight of a tendon. Collagen units form fibrils. 
Fibrils form fibres and fibres form fascicles. Tendon fibres mostly 
run parallel to the long axis of a tendon and to each other (Fig. 51.6) 
but transverse and spiral arrangements also occur.

Tendon fibrils are surrounded by an endotenon of loose connec-
tive tissue. Fibres are surrounded by peritenon and the tendon is 
enveloped by epitenon which may be surrounded by paratenon, 
the two comprising the peritendon. Tendons that curve as they run 
across joints (e.g. at the wrist and ankle) are surrounded by a two-
layered synovial sheath that has a deep visceral layer and a super-
ficial parietal layer. They are lined by synovial cells and connected 
by vincula, remnants of mesotendon, through which vessels run 
(Fig. 51.7). A normal tendon is avascular. Curved tendons are main-
tained in position by retinacula, focal thickenings of the deep fascia 
that are attached to bone.

Tendons that attach to bone at an acute angle and have a rela-
tively simple action have a fibrous attachment. Tendons that insert 
nearly perpendicular to bone and have a more complex action such 
as the supraspinatus tendon have a multilayered fibrocartilaginous 
attachment.

Normal tendons have an echogenic appearance. On long-axis 
scans they have a fibrillar appearance (Fig. 51.8) with multiple thin, 
parallel, linear echoes due to interfaces between the collagen 
bundles and the endotendon.5 Short-axis scans (Fig. 51.9A) show 
multiple bright dots. A more complex structure may be seen in 
tendons derived from more than one muscle (e.g. the quadriceps 
and Achilles tendons) in which the constituent tendons can be iden-
tified. Tendons and muscles are strongly anisotropic. They are com-
posed of specular reflectors: the amplitude of the echo is greatest 

Figure 51.6 Longitudinal scan of flexor pollicis longus tendon 
in thenar eminence showing the parallel arrangement of the tendon 
fibres.

Figure 51.7 Transverse power Doppler scan of flexor tendon 
of finger. The tendon sheath is distended by fluid that encircles the 
tendon. A vessel runs across the vincula from the synovium to the 
tendon.

Figure 51.8 Longitudinal scan of long head of biceps tendon 
showing typical lamellar appearance (arrow) of tendon at 90° of 
insonation. The proximal tendon (broken arrow) is not seen because 
of the effect of anisotropy: as the tendon curves deeply the angle of 
the ultrasound beam to the tendon is no longer 90° and the tendon 
is no longer reflective.

Figure 51.9 Patellar tendon. A: Short-axis scan of patellar tendon (between arrows). At 90° angle of insonation the typical echogenic 
speckling is seen. B: Short-axis scan of patellar tendon (between arrows) at same position as in A. The angle of insonation is now about 
85° and the tendon appears hypoechoic.

A B

when the ultrasound beam is perpendicular to the reflector. Most 
other tissues are composed of diffuse reflectors and scatter the ultra-
sound beam.1 The echogenic appearance is lost (Figs 51.8, 51.9B) if 
the sound beam is not perpendicular to the tendon and this may 
simulate tendinosis or a tear. Anisotropy may be used deliberately 
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to make a tendon more conspicuous if it is surrounded by echogenic 
structures, for example at the ankle. Beam edge artefact occurs at 
the border of large tendons, compromising tendon definition and 
causing distal acoustic shadowing. A thin echogenic line encircling 
the tendon is due to the paratenon while a synovial sheath results 
in a narrow hypoechoic layer in the otherwise echogenic halo 
around the tendon. Retinacula are thin, linear and hypoechoic  
(Fig. 51.10).

Muscle and tendon thickness at the musculotendinous junction 
have a reciprocal relationship: as one thins, the other expands pro-
portionately. The fibrous or fibrocartilaginous attachment at the 
enthesis is a narrow hypoechic interface between tendon and bone 
(Fig. 51.11). Just proximal to this, the distal tendon may also 
be hypoechoic due to anisotropy as it curves to the enthesis  
(Fig. 51.12).

Figure 51.10 Transverse scan on medial aspect of ankle 
shows thin hypoechoic band of medial retinaculum (arrow).

Figure 51.11 Longitudinal scan of supraspinatus tendon. 
The hypoechic band (arrow) at the tendon–bone interface is due to 
fibrocartilage.

Figure 51.12 Long-axis scan of the Achilles tendon. The distal 
tendon becomes hypoechoic (arrow) due to anisotropy as it curves 
deeper to insert in the calcaneum.

Figure 51.13 Longitudinal scan of medial collateral ligament 
(short arrows) of knee. The ligament has a similar lamellar 
appearance to tendons. The adjacent medial meniscus (long arrow) 
appears echogenic and triangular.

Tendons

• Tendons are echogenic. They have a fibrillar appearance on 
long-axis scans and a multiple-dot appearance on short-axis 
scans.

• Tendons are strongly anisotropic and will appear falsely 
hypoechoic if the angle of insonation is not 90° or very close  
to 90°.

LIGAMENTS

Ligaments have broadly similar structure and ultrasound appear-
ances to tendons. They are generally hyperechoic and lamellar (Fig. 
51.13) and are affected by anisotropy. As it is not possible to scan 
perpendicular to the anterior and posterior cruciate ligaments 
because of their oblique orientation in the knee joint, they appear 
hypoechoic.

NERVES

Nerves appear similar in many respects to tendons. Each nerve fibre 
is invested by a connective tissue endoneurium. Nerve fibres are 
grouped together in fascicles and surrounded by perineurium 
while the fascicles are bundled together and sheathed by epineu-
rium which may have two layers.

Ultrasound shows hypoechoic and hyperechoic speckling (Fig. 
51.14A) on short-axis scans and a well-defined lamellar appearance 
on long-axis scans (Fig. 51.14B). Hypoechoic areas are separated by 
echogenic bands. The hypoechoic areas correspond to the nerve 
fascicles and the hyperechoic foci probably to perineurium.6 
Although nerves and tendons have similar ultrasound appearances 
they can be readily distinguished. The lamellar appearance of 
nerves is continuous while it is discontinuous in tendons. Contrac-
tion and relaxation of appropriate muscle groups results in to-and-
fro movement of tendons but not nerves.
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vitro using very high-frequency ultrasound transducers are not 
identified on conventional ultrasound. Fibrocartilage structures 
such as the glenoid labrum or the menisci of the knee (Fig. 51.13) 
are homogeneously echogenic. The joint capsule is thin and echo-
genic. The normal synovial membrane is too thin to be identified.

Normal joints are dry or contain only small amounts of fluid. 
Comparison with the opposite side may be helpful in this regard. 
Ultrasound cannot reliably distinguish between different types of 
effusion but can be used to guide aspiration.
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BONES

Ultrasound is of limited value in investigating bone as sound is 
reflected by intact cortex (Fig. 51.1). Periosteal elevation or cortical 
defects may be manifestations of trauma, infection or tumour. 
Ultrasound-guided biopsy of bone can be performed if cortex is 
destroyed. Erosions may be seen in inflammatory arthropathy and 
abnormal Doppler signal indicates that they are active. Hypero-
stosis at tendon insertions is a feature of enthesopathy and 
tendinopathy.

JOINTS

Articular cartilage is well defined and hypoechoic (Fig. 51.15). 
Subchondral bone is highly reflective. The layers of hyaline carti-
lage seen on histological examination, high-resolution MRI and in 

Figure 51.14 Median nerve. A: Transverse scan of median nerve (arrow) in mid forearm. It shows typical speckling. The echogenic 
areas are due to perineurium, the hypoechoic areas to nerve fascicles. B: Longitudinal scan of median nerve (arrow) in mid forearm. 
The alternating parallel lines of perineurium and nerve fascicles are continuous.

A B

Figure 51.15 Longitudinal scan just lateral to midline on 
anterior aspect of elbow. The hyaline cartilage (arrows) covering the 
capitellum and radial head is thick and hypoechoic.
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INTRODUCTION

Ultrasound is an excellent method of assessing the soft tissues 
around the shoulder. Although magnetic resonance imaging (MRI) 
has similar accuracy, ultrasound is an effective first-line investiga-
tion in the majority of cases. Ultrasound is most effective when 
there is a precise clinical question to be answered, usually ‘Is there 
a full thickness rotator cuff tear and how large is it?’ Ultrasound 
can answer these questions quickly and accurately.1 The speed of 
the examination is commensurate with an immediate access service.

Ultrasound, MRI and radiography are complementary tech-
niques. Most patients will have a plain radiograph which may 
identify calcification and degenerative joint disease. Patients with 
impingement-type symptoms can be imaged with ultrasound 
alone. Ultrasound is not useful in the investigation of glenohumeral 
instability.

ANATOMY

The rotator cuff consists of the tendons of four muscles: suprasp-
inatus, which originates from the posterior aspect of the scapula 
superior to the scapular spine; infraspinatus and teres minor, which 
originate inferior to the scapular spine; and subscapularis, which 
originates from the anterior blade of the scapula. All tendons with 
the exception of teres minor are routinely inspected during ultra-
sound examination of the shoulder. The tendons are echogenic 

structures in the young but often become more hypoechoic with 
age. The most important tendon is the supraspinatus, which 
attaches to the anterior part of the greater tuberosity (Fig. 52.1). 
Infraspinatus merges imperceptibly with the supraspinatus tendon 
about 1.5 cm posterior to the anterior edge of supraspinatus and 
attaches to the posterior part of the greater tuberosity. Slips of 
muscle extend into the infraspinatus tendon resulting in a charac-
teristic appearance (Fig. 52.2). On axial imaging the two tendons 
are seen as a cuff of uniform thickness (Fig. 52.3). Teres minor 
attaches on the lesser tuberosity posterior to infraspinatus.

The subscapularis tendon is situated anteriorly and attaches to 
the lesser tuberosity (Fig. 52.4). The distal subscapularis tendon is 
echogenic, similar to the supraspinatus and infraspinatus tendons. 
More medially on transverse images, i.e. at the musculotendinous 
junction, the echogenic tendon slips are separated by hypoechoic 
muscle.

The gap in the rotator cuff between the supraspinatus and infra-
spinatus tendons is the rotator cuff interval. The long head of biceps 
tendon originates from the superior glenoid rim and traverses the 
rotator cuff interval where it abuts the anterior leading edge of the 
supraspinatus tendon. The coracohumeral and superior gleno-
humeral ligaments stabilise the biceps tendon and lie superficial 
and deep respectively to the tendon in the interval (Fig. 52.5). Distal 
to the rotator interval the biceps tendon enters the bicipital groove. 
The roof of the groove is formed by the transverse humeral liga-
ment, which consists of fibres from the subscapularis and suprasp-
inatus tendons (Fig. 52.6).

The subacromial/subdeltoid bursa is draped over the rotator cuff 
deep to the acromion and deltoid muscle and is seen as a thin hyp-
oechoic line (Fig. 52.1), often accentuated by thin, superficial and 
deep layers of echogenic peri-bursal fat. The coracoacromial liga-
ment is orientated at 90° to the supraspinatus muscle and is seen 
as an echogenic linear structure superficial to the subacromial bursa 
(Fig. 52.7). The posterior aspect of the glenohumeral joint is best 
appreciated in the axial plane (Fig. 52.8).

TECHNIQUE

A standard examination of the shoulder need only take a few 
minutes. A high-resolution probe, usually 10–15 MHz, and state of 
the art scanner are recommended. The shoulder is examined with 
the patient seated and the operator facing or standing behind the 
patient. The examination can be divided into two parts which can 
be performed in either order: (a) examination of the supraspinatus 
and infraspinatus tendons with the arm in the extended and inter-
nally rotated position and (b) examination of the subscapularis and 
biceps tendon with the arm in the neutral position. In addition, 
dynamic imaging for impingement and inspection of other struc-
tures such as the acromioclavicular joint may be performed in 
selected cases. With the hand in the ‘back trouser pocket’ position, 
the supraspinatus and infraspinatus tendons can be clearly visual-
ised as the extended and internally rotated position exposes the 
important distal end of the tendons from under the acromion (Figs 
52.1 and 52.2). When imaging along the long axis of the tendon the 

Simon Ostlere
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position the bicipital groove, which contains the biceps tendon, 
points anteriorly and is best appreciated in the axial plane (Fig. 
52.6). The echogenicity of the tendon is susceptible to anisotropy 
and dependent on the angle of the probe. The tendon can also be 
imaged in the sagittal plane by rotating the probe 90°. Tilting the 
probe slightly is needed to obtain optimal images as this keeps the 
tendon and probe parallel. To examine the subscapularis tendon, 
the patient is asked to externally rotate the arm. The tendon can 
then be examined along its long and short axes (Fig. 52.4).

The above description represents the minimum required for a 
routine examination for a patient with suspected rotator cuff 

Figure 52.1 Normal longitudinal scan of supraspinatus 
tendon. SS, supraspinatus tendon; GT, greater tuberosity; DM, 
deltoid muscle; SAB, subacromial bursa; AC, articular cartilage.

Figure 52.2 Normal infraspinatus tendon on longitudinal 
scan. IS, infraspinatus tendon; DM, deltoid muscle; GT, greater 
tuberosity.

Figure 52.3 Normal rotator cuff seen in transverse section. 
The cuff is of uniform thickness throughout. SS, supraspinatus 
tendon; IS, infraspinatus tendon; DM, deltoid muscle; GT, greater 
tuberosity.

Figure 52.4 Normal subscapularis tendon. SSc, subscapularis 
tendon; SScM, subscapularis muscle; LT, lesser tuberosity.

probe should be inclined at around 45° to the coronal plane. The 
probe should initially be placed over the bicipital groove and then 
slowly moved posteriorly onto the anterior leading edge of the 
supraspinatus tendon. Careful inspection of this area is required as 
this is where tears are commonly found. The probe is then moved 
further posteriorly to cover the remainder of the supraspinatus and 
the infraspinatus tendon. Anisotropy can be a problem which par-
ticularly affects the distal deep fibres of the tendon, simulating focal 
degeneration or partial tear. Tilting the probe will eliminate this 
artefact (Fig. 52.9). To obtain short-axis views of the rotator cuff, the 
probe is rotated 90°. In this position the cuff should be scanned from 
its distal attachment to the musculotendinous junction. By slightly 
reducing the degree of internal rotation, better views of the rounded 
anterior leading edge of the supraspinatus can be obtained (Fig. 
52.5). At some stage the lateral aspect of the greater tuberosity 
should be inspected as this is where fluid often collects in the sub-
acromial/subdeltoid bursa.

In the second part of the examination the patient’s hand is placed 
on the ipsilateral thigh with the palm facing upwards. In this 
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disease. Additional views may be obtained when clinically indi-
cated. Minor movements of the shoulder and compression with the 
probe can help in the diagnosis of small rotator cuff tears. Some 
small tears are best appreciated by examining the patient in 
maximum internal rotation or with the arm by the patient’s side. 
Dynamic imaging while abducting the arm may demonstrate 
impingement of the bursa against the coracoacromial ligament (Fig. 
52.10). Impingement of the acromioclavicular joint can be demon-
strated by asking the patient to slowly move the hand on the 
affected side onto the opposite shoulder while scanning the joint in 
the coronal plane.

IMPINGEMENT

Impingement syndrome is characterised by pain and restricted 
motion of the shoulder on abducting the arm.2 The primary 

Figure 52.5 Normal appearance of the anterior leading edge of 
the supraspinatus tendon and rotator cuff interval in the transverse 
plane. The rounded edge of the supraspinatus tendon (arrowhead) 
overhangs the biceps tendon. The coracohumeral ligament lies 
superficial to the biceps tendon. SS, supraspinatus tendon; GT, 
greater tuberosity; DM, deltoid muscle; BT, biceps tendon; CHL, 
coracohumeral ligament.

Figure 52.6 Normal biceps tendon is seen as an echogenic structure in the bicipital groove in the (A) transverse and (B) longitudinal 
plane. GT, greater tuberosity; LT, lesser tuberosity; DM, deltoid muscle; BT, biceps tendon; TL, transverse ligament.

A B

Figure 52.7 Coracoacromial ligament. The scan plane is coronal 
oblique along the long axis of the coracoacromial ligament. SS, 
supraspinatus tendon; DM, deltoid muscle; CP, coracoid process; 
CAL, coracoacromial ligament; ACR, acromion.

pathology is thought to be degeneration and swelling of the 
supraspinatus tendon resulting in impingement of the tendon and 
the subacromial bursa against the acromion and coracoacromial 
ligament.3 This may result in bursitis, partial and full thickness tears 
of the rotator cuff, spur formation on the undersurface of the 
acromion and irregularity of the greater tuberosity. The relative 
importance of physical impingement versus degeneration in the 
pathogenesis of rotator cuff tear is unclear. Tears tend to occur at 
the distal hypovascular end of the tendon termed the rotator cres-
cent which is bordered medially by a cord of thickened fibres called 
the rotator cable. It is thought that the cable has important biome-
chanical properties supporting the rotator crescent so that shoulder 
strength may be maintained despite tears of the distal end of the 
cuff. The deep portion of the cable can be identified on ultrasound 
in 10% of individuals.4 Imaging with either MRI or ultrasound is 
used primarily to determine the degree of damage to the rotator 
cuff and to select patients who may be suitable for rotator cuff 
repair. The indications for rotator cuff repair will vary from centre 
to centre and from surgeon to surgeon but in general lesions con-
sidered to be suitable for repair are small and medium-sized tears 
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FULL THICKNESS TEARS

Ultrasound is accurate in the detection of full thickness rotator cuff 
tears.5 These tears, which extend from the superficial to the deep 
surfaces of the rotator cuff, invariably start at or near the anterior 
aspect of the distal end of the supraspinatus tendon before extend-
ing both anteriorly across the rotator cuff interval to involve the 
subscapularis and posteriorly into infraspinatus. Fluid may be seen 
between the tendon ends (Fig. 52.12) but more frequently there is a 
paucity of fluid and the tear is represented by the loss of the normal 
convexity of the superficial surface of the cuff with the deltoid 
muscle sagging into the gap (Fig. 52.13). Although most lesions can 
be detected while imaging along the long axis of the tendon, 
imaging along the short axis is useful to detect longitudinal splits-
like tears and tears of the anterior leading edge of the supraspinatus 
tendon. The latter can be diagnosed when a gap between the ante-
rior aspect of the supraspinatus tendon and the biceps tendon is 
detected (Fig. 52.14). Large and massive tears with retraction of the 
muscle are easy to diagnose on ultrasound. The humeral head 
appears bare and is covered directly by the deltoid muscle (Fig. 
52.15). Sometimes smaller tears are difficult to appreciate in the 
presence of a thickened subacromial bursa that is of similar echo-
genicity to the underlying tendon. Irregularity and cystic change at 
the greater tuberosity are common findings in impingement syn-
drome and are usually accompanied by rotator cuff tear (Fig. 52.16).

Figure 52.8 Posterior glenohumeral joint. Axial scan. IST, 
infraspinatus tendon; ISM, infraspinatus muscle; PL, posterior 
labrum; GL, glenoid; HH, humeral head; AC, articular cartilage.

Figure 52.9 Anisotropy affecting the 
echogenicity of the supraspinatus tendon.  
A: The deep portion of the tendon appears 
hypoechoic close to its attachment to the 
greater tuberosity (*). B: The normal 
echogenicity is restored by angling the probe. 
SS, supraspinatus tendon; GT, greater 
tuberosity; DM, deltoid muscle.

A B

Figure 52.10 Impingement. There is bunching up of the 
thickened bursa (arrow) against the coracoacromial ligament 
(arrowhead). SS, supraspinatus tendon; GT, greater tuberosity.

in the younger population. The results of repair for large and 
massive tears are disappointing. Patients with no full thickness tear 
or a tear that is considered to be too extensive for repair may benefit 
from arthroscopic subacromial decompression.

DEGENERATION

The normal rotator cuff is uniformly echogenic. With age the tendon 
becomes degenerate and the echogenicity reduces. Degeneration 
may lead to swelling of the tendon, making it vulnerable to impinge-
ment in the confined space under the subacromial arch (Fig. 52.11). 
Often degeneration is accompanied by hypertrophy of the subacro-
mial bursa. It may be difficult to differentiate focal degeneration 
from partial thickness tears.
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Figure 52.11 Degenerate tendon. The tendon is hypoechoic and 
swollen. SS, supraspinatus tendon.

Figure 52.12 Small tear of the supraspinatus tendon. Fluid is 
seen in the gap in the tendon (arrow). There is fluid in the 
subacromial bursa (open arrowhead) seen medial to the 
coracoacromial ligament (arrowhead). SS, supraspinatus tendon; 
GT, greater tuberosity.

Figure 52.13 Full thickness tear of the supraspinatus tendon. 
There is loss of the normal convexity of the surface of the 
supraspinatus tendon. The deltoid is seen to sag into the tear 
(arrows). SS, supraspinatus tendon; GT, greater tuberosity;  
DM, deltoid muscle.

Figure 52.14 Transverse image of the rotator cuff showing 
a defect (arrows) representing a full thickness tear of the 
supraspinatus tendon. The infraspinatus tendon is intact. HH, 
humeral head; IS, infraspinatus.

Figure 52.15 Massive rotator cuff tear. Longitudinal image. 
No tendon can be seen between the deltoid muscle and the 
humeral head. GT, greater tuberosity; DM, deltoid muscle. Figure 52.16 Irregularity of the greater tuberosity (arrows). 

This is a common finding in patients with impingement and rotator 
cuff tears. GT, greater tuberosity.
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PARTIAL THICKNESS TEARS

Partial thickness tears are hard to differentiate from focal degenera-
tion of the tendon on ultrasound. In practice this is rarely an issue 
as the management of both conditions is usually the same. Partial 
tears usually involve the inferior surface of the tendon and are seen 
as focal hypoechoic lesions or mixed hyperechoic and hypoechoic 
lesions10 (Fig. 52.19). A partial undersurface tear at the distal end of 
the supraspinatus tendon involving the medial part of the tendon 
attachment is termed a rim rent tear. Partial tears of the superior 
surface of the tendon are easier to diagnose in the presence of a 
bursal effusion. Delamination tears originate from full thickness or 
partial thickness tears and dissect medially through the cuff. They 
may be seen occasionally on ultrasound as a hypoechoic layer 
within the tendon (Fig. 52.20). Joint fluid may be forced medially 
along the tear to create a cyst within the distal end of the muscle.11

POST ROTATOR CUFF REPAIR

Ultrasound following rotator cuff repair is difficult although good 
results have been reported.12 The repair may not be complete and 
defects in the cuff may be seen following satisfactory repair. If cuff 

Most tears are of a degenerative nature but acute rupture may 
occur, particularly of the supraspinatus and subscapularis tendons. 
In acute tears the retracted tendon end can usually be identified and 
the large gap is filled with fluid6 (Fig. 52.17).

The status of the rotator cuff muscles is an important predictor 
of success of a rotator cuff repair,7,8 and is particularly important in 
centres where repair of more advanced tears is regularly under-
taken. Although MRI is the more established method for identifying 
and grading atrophy of the muscle, ultrasound is also effective. 
Fatty infiltration is seen as loss of the normal pennate pattern and 
increase in echogenicity of the muscle9 (Fig. 52.18). By scanning the 
supraspinatus muscle in the short-axis plane, a measure of atrophy 
can be obtained by calculating the ratio of the cross-sectional areas 
of the muscle to the fossa.

Figure 52.17 Acute rupture of the supraspinatus tendon. 
Longitudinal scan showing retracted tendon with fluid in the defect 
(*). SS, supraspinatus tendon; GT, greater tuberosity.

Figure 52.18 Transverse scan showing fatty infiltration of the 
infraspinatus muscle. The muscle is echogenic when compared to 
the normal deltoid. IS, infraspinatus muscle; DM, deltoid muscle.

Figure 52.19 Partial articular surface tear of the supraspinatus 
tendon. There is a focal undersurface hypoechoic lesion at the 
tendon insertion (arrow). SS, supraspinatus tendon; GT, greater 
tuberosity.

Figure 52.20 Delamination tear of the supraspinatus tendon. 
There is a layer of fluid within the tendon (arrows). SS, 
supraspinatus tendon; GT, greater tuberosity; DM, deltoid muscle.
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surface of the cuff. More commonly bursitis is seen as a thickening 
of the bursa. The echogenicity may be similar to the underlying 
degenerate tendon, making assessment of the latter difficult. 
Dynamic imaging while moving the shoulder joint will help dif-
ferentiate the two.

Impingement of the bursa against the acromion and coracoacro-
mial ligament can be demonstrated by abducting the extended arm 
while imaging along the long axis of the supraspinatus tendon. In 
this position it is easy to appreciate the relationship of the bursa to 
the coracoacromial ligament, which is seen in cross-section as an 
echogenic structure on the surface of the bursa. On gentle abduction 
of the arm the bursa may be seen to bunch up distal to the ligament 
(Fig. 52.6). Further abduction is either not possible or painful. Occa-
sionally there is a palpable click as the thickened bursa flips under 
the ligament. Although not required to make the diagnosis of 
impingement, dynamic imaging is a useful manoeuvre to demon-
strate the pathology to the patient.

Injection of the bursa with steroids and local anaesthetic is an 
effective treatment for impingement syndrome. The procedure can 
be performed ‘blind’ by the clinician in the clinic or under ultra-
sound guidance. ‘Blind’ injections are usually performed from a 
posterior approach placing the needle tip on the undersurface of 
the acromion. Studies investigating the accuracy of the positioning 
of the needle show variable results.13,14 The advantage of ultrasound 
guidance is that the intrabursal position of the needle tip can be 
demonstrated. The procedure is best performed with the patient 
supine to avoid syncope. The needle entry point is chosen so that 
the needle is near parallel to the face of the ultrasound probe. With 
the bevel facing downwards the needle is advanced until the tip 
enters the bursa at a tangent (Fig. 52.23). Free flow of local anaes-
thetic from the needle confirms the intrabursal position of the 
needle tip. The syringe is changed and the steroid is injected. The 
use of a small connecting tube is helpful in preventing 

Figure 52.21 Subacromial bursitis. There is thickening of the 
normal hypoechoic line that represents the subacromial bursa 
(arrows). SS, supraspinatus tendon; GT, greater tuberosity.

Figure 52.22 Subacromial bursal effusion. A small effusion may 
be missed unless the bursal extension over the greater tuberosity 
(arrow) is scanned. SS, supraspinatus tendon; GT, greater 
tuberosity.

repair involves anchoring the tendon in a bony trough in the greater 
tuberosity, the integrity of the repair can be assessed by identifying 
intact tendon in the trough. Subacromial decompression has  
no effect on the accuracy of ultrasound in the assessment of the 
rotator cuff.

BURSITIS

The subacromial/subdeltoid bursa lies superficial to the rotator cuff 
and deep to the acromion and deltoid muscle. Laterally the bursa 
extends over the greater tuberosity. The bursa is invariably involved 
in impingement syndrome and may be the primary source of pain. 
If there is a full thickness cuff tear the bursa will communicate with 
the glenohumeral joint. Bursitis is diagnosed when there is a bursal 
effusion or bursal thickening (Fig. 52.21). With the patient seated, a 
small effusion is best detected over the greater tuberosity, as 
dependent fluid initially collects here (Fig. 52.22). Bursal fluid 
extends into partial or full thickness tears involving the superficial 

Figure 52.23 Subacromial bursal injection. The needle tip 
(arrows) is entering the bursa at a tangent. Fluid is seen flowing 
away from the needle tip (arrowheads). SS, supraspinatus tendon; 
GT, greater tuberosity.

Impingement

• Ultrasound is an accurate test for full thickness tears of the 
rotator cuff.

• Differentiating partial tears from degeneration is difficult.
• Bunching of the bursa against the coracoacromial ligament on 

arm abduction indicates impingement.
• Ultrasound can reliably guide injections into the bursa.
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SUPRASCAPULAR NERVE PALSY

Suprascapular nerve palsy results in weakness of supraspinatus 
and infraspinatus muscles and may be due to a number of condi-
tions, including brachial neuritis (Parsonage–Turner syndrome), 
repetitive trauma in overhead sports athletes and compression of 
the suprascapular nerve by a posterior labral cyst that has extended 
posteriorly towards the spinoglenoid notch. Although MRI is 
usually requested when this condition is suspected, ultrasound 
may reveal atrophy of the infraspinatus muscle and a cyst in the 
spinoglenoid notch (Fig. 52.26). If the cyst extends anteriorly the 
branch to supraspinatus may also be affected.

FROZEN SHOULDER

Frozen shoulder is primarily a clinical diagnosis although differen-
tiation from impingement may be difficult in some cases. Patients 
present with global reduction in joint movement and pain. The 
pathology is adhesive capsulitis involving primarily the region of 
the rotator cuff interval between the supraspinatus and the sub-
scapularis. Imaging is usually negative. Arthrography may show a 
reduced joint space volume, and MRI thickening and contraction of 
the inferior recess or rotator cuff interval. Ultrasound is usually 
negative, but occasionally, particularly in the early stages, a hyper-
vascular mass in the rotator cuff interval and/or thickening of the 
coracohumeral ligament may be seen (Fig. 52.27).18,19

BICEPS TENDON

Biceps tendon pathology is common and is usually associated with 
impingement syndrome.20 The tendon originates from the superior 
glenoid rim, courses through the joint in the rotator cuff interval, 
enters the bicipital groove and runs along the anterior aspect of the 
upper part of the humerus to the musculotendinous junction. A 
synovial sheath surrounds the tendon, extending from the joint 
space to a few centimetres distal to the groove. As the sheath com-
municates with the joint, fluid seen in the sheath is usually a sign 
of glenohumeral joint effusion rather than primary pathology of the 
biceps tendon. A small amount of fluid is normal. All but the most 
proximal part of the biceps tendon can be identified on ultrasound. 
The normal tendon is an echogenic structure and lies in the bicipital 
groove. The tendon is very sensitive to anisotropy. Marked reduc-
tion of echogenicity may be encountered on slight angulation of the 

Figure 52.24 Calcific tendinitis. A: ‘Hard’ calcification within the tendon with a well-defined echogenic border and acoustic shadowing 
(arrows). B: ‘Soft’ calcification seen as ill-defined echogenic area within the cuff (arrows).

A B

dislodgement of the needle tip while changing the syringe. The 
local anaesthetic usually results in a rapid improvement in  
symptoms. Most patients also experience longer-term benefit  
from the steroid. The value of injection in the presence of a full 
thickness tear is less reliable but may still be worth performing in 
some cases.

CALCIFIC TENDINITIS

Calcific tendinitis is a common condition of unknown aetiology. 
The calcific deposits, which may be entirely asymptomatic, can be 
hard or soft and paste-like. Ultrasound is very sensitive in detecting 
calcific deposits seen as echogenic foci usually accompanied by 
acoustic shadowing. With soft deposits the echogenicity may be 
more subtle and acoustic shadowing more variable (Fig. 52.24). All 
three of the main rotator cuff tendons may be involved although 
the supraspinatus is the most common site of symptomatic disease. 
Patients may present with chronic pain and impingement type 
symptoms or with an acute exacerbation of pain due to deposition 
of calcium in the tendon or extrusion of calcium into the subacro-
mial bursa. In most cases the calcification and symptoms will 
resolve with time, although this may take 2 to 3 years.15 Intervention 
is appropriate for patients who have disabling symptoms. Barbo-
tage refers to the percutaneous intervention leading to the fragmen-
tation and aspiration of calcific material. Initially a generous amount 
of local anaesthetic is injected into the subacromial bursa. For a 
well-defined calcific deposit an effective technique is to insert a 
needle into the deposit using a single pass and then repeatedly 
apply pulses of pressure to an attached syringe full of local anaes-
thetic. Gradually, increasing amounts of calcification are seen 
mixed with the local anaesthetic and the resistance to injection 
reduces. The calcium-containing fluid in the syringe may be 
exchanged for fresh saline periodically. When all the calcification 
has been aspirated only the outer rim is left like the skin of a balloon 
(Fig. 52.25). This can be broken up with multiple passes of the 
needle. Another described technique is to insert two needles into 
the deposit and irrigate the calcific material by injecting saline 
down one of the needles. Exclusively hard calcification can be 
broken up by means of multiple passes of a needle. A combination 
of these methods may be appropriate for any particular case. Fol-
lowing all of these procedures steroid may be injected into the 
subacromial space.16,17

Patients are usually very grateful as they leave the depart-
ment, but they must be warned that the pain may be exacerbated 
the next day as inevitably there will be calcific material in the  
subacromial space.
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Figure 52.25 Barbotage. A: A needle (arrows) has been inserted 
into the calcific deposit (*). B: This image has been taken towards 
the end of the procedure with positive pressure applied to the 
plunger. The deposit is distended with clear fluid that has replaced 
the calcific material (*). The echogenic calcific rim of the deposit 
remains intact (arrowheads). GT, greater tuberosity. C: Syringe 
containing aspirated calcific sediment.

A

B

C

Figure 52.26 Labral cyst. The cyst (*) is seen in the spinoglenoid 
notch. The infraspinatus muscle is echogenic due to atrophy. IS, 
infraspinatus tendon; DM, deltoid muscle.

Figure 52.27 Frozen shoulder. There is hypervascularity in the 
rotator cuff interval (arrow). BT, biceps tendon; SS, supraspinatus 
tendon; SSc, subscapularis tendon; GT, greater tuberosity; CHL, 
coracohumeral ligament.
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probe and care must be taken not to misdiagnose tendinosis  
(Fig. 52.28).

The biceps tendon is vulnerable to impingement, and chronic 
attrition leading to complete rupture is common in advanced 
rotator cuff disease. On ultrasound the tendon is attenuated or 
absent. Scanning in the longitudinal plane is best for determining 
tendon integrity. Rupture of the biceps tendon may result in the 
‘Popeye’ sign due to retraction and bulging of the muscle belly. 
Chronic rupture results in atrophy of the long head of biceps 
muscle, which appears echogenic relative to the short head  
(Fig. 52.29).

Primary biceps tendinitis is quite common. The tendon is hypoe-
choic and hypervascular and there may be an effusion in its sheath. 
Absence of the biceps tendon from its groove is due to rupture or 
dislocation of the tendon. Dislocation is common. The main stabi-
liser of the tendon is the coracohumeral ligament, which acts as a 
sling for the tendon proximal to the bicipital groove. The transverse 
ligament that forms the roof of the bicipital groove is a weak stabi-
liser. Dislocation of the tendon from the groove is usually accom-
panied by subscapularis pathology. With complete rupture of the 
subscapularis tendon the biceps tendon is displaced medially, pos-
sibly as far as the glenoid labrum (Fig. 52.30). If subscapularis is 
intact the dislocated biceps often lies on the lesser tuberosity.21 It is 
not uncommon for the tendon to dissect into the subscapularis 
tendon (Fig. 52.31).22 Intermittent dislocation may only be unmasked 
on dynamic imaging by externally rotating the arm. Proximal to the 

Figure 52.28 Anisotropy. A: Normal biceps 
tendon in transverse plane (arrow). B: Slight 
tilting of the probe results in a tendon 
appearing hypoechoic (arrow). GT, greater 
tuberosity; LT, lesser tuberosity.

A B

Figure 52.29 Fatty atrophy of the long 
head of biceps muscle on the left (A) due to 
ruptured tendon. The muscle is echogenic 
due to fatty atrophy. (Compare with the 
opposite side (B) which is normal.) LH, long 
head of biceps; SH, short head of biceps.

A B

Figure 52.30 Dislocated biceps tendon. The shallow bicipital 
groove is empty (*). The tendon is displaced medially (arrow). There 
is associated tear of the subscapularis tendon. LT, lesser tuberosity.

Rotator cuff disease other than impingement

• Ultrasound is sensitive for detecting calcific tendinitis.
• Barbotage under ultrasound control is effective.
• Imaging for frozen shoulder is generally unrewarding. 

Hypervascularity in the rotator cuff interval may be seen in early 
stages.

• Demonstration of dislocation of the biceps tendon may require 
dynamic imaging.

bicipital groove the biceps tendon is intra-articular and lies deep to 
the coracohumeral ligament, which may be involved by anterior 
extension of a supraspinatus tendon tear. Hypervascularity in the 
rotator cuff interval is sometimes seen in the early phase of frozen 
shoulder (Fig. 52.27).

ACROMIOCLAVICULAR JOINT

It is usually easy to differentiate acromioclavicular from gleno-
humeral disease as the patient will place a fingertip on the 
acromioclavicular joint when asked to point to the painful area. 
The joint is not usually included in the routine examination of the 
shoulder. The commonest pathology affecting the joint is osteoar-
thritis. Ultrasound shows osteophytes, capsular hypertrophy and 
an effusion. In advanced cases with loss of the intra-articular 
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meniscus and wear of the articular cartilage, impingement of the 
articular surfaces may be demonstrated by asking the patient to 
move the hand of the affected side onto the opposite shoulder. 
The joint space narrows as the two articular surfaces become 
apposed and fluid is extruded superiorly from the joint space. An 
acromioclavicular joint cyst presents as a growing mass superfi-
cial to the joint. The cyst is seen to arise from the acromioclavicu-
lar joint and there is invariably an associated full thickness tear of 
the rotator cuff (Fig. 52.32). The cyst is due to a defect in the 
capsule of the joint.23 A valve-like mechanism prevents the cyst 
from decompressing, resulting in a slowly growing mass which 
may reach the size of an orange. Although aspiration is easily 
performed, the fluid is likely to re-accumulate and surgery, either 
repair of the cuff or decompression of the cyst at the joint, may be 
required.24

Injection of the acromioclavicular joint is usually performed blind 
in the outpatient clinic. For ultrasound guidance the probe is posi-
tioned in the sagittal plane so that the joint space appears as a 
hypoechoic disc. The needle, inserted parallel to the surface of the 
probe, can be easily guided into the centre of the joint.

Figure 52.31 Dislocated biceps tendon. The tendon has 
dislocated medially and is seen to be lying within the supscapularis 
tendon (arrow). The shallow bicipital groove is empty (*). LT, lesser 
tuberosity.

Figure 52.32 Acromioclavicular joint cyst. There is a cyst 
(arrows) arising from the superior aspect of the acromioclavicular 
joint (*).

GLENOHUMERAL JOINT

A joint effusion may be seen using an anterior or posterior approach, 
the latter being preferred as the joint line is easier to identify. Using 
the axial plane the humeral head, glenoid and posterior glenoid 
labrum are identified. An effusion results in bulging of the posterior 
capsule by anechoic or hypoechoic fluid. Dynamic imaging may be 
helpful as small effusions are easier to see with the arm in external 
rotation. Aspiration is easy using a posterolateral approach. Ultra-
sound is also used to aid injection of the glenohumeral joint prior 
to MR arthrography.25 Although in good hands this may be done 
blind using surface landmarks,26 ultrasound guidance documents 
the correct position of the needle tip. The posterolateral approach 
is preferred. The needle is directed towards the articular surface of 
the humerus just lateral to the labrum.27 Correct position is 
confirmed when fluid flows freely from the needle tip and distends 
the joint.

Although osteophytes, articular cartilage defects on the exposed 
part of the humeral head and marginal erosions can be identified 

Figure 52.34 Extended field of view image showing a massive 
effusion of the subacromial bursa (arrows) containing debris. GT, 
greater tuberosity; HS, humeral shaft.

Figure 52.33 Rheumatoid arthritis. There is an erosion in the 
articular cortex (arrows). IS, infraspinatus tendon.
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Figure 52.35 Hill–Sachs deformity. The old impaction fracture 
is seen as a trough in the posterolateral aspect of the humeral  
head (*).

Figure 52.36 Fracture of the greater tuberosity. There is a 
break in the cortex indicating fracture (arrow). SS, supraspinatus 
tendon; GT, greater tuberosity.

The joints

• Large cysts arising from a degenerate acromioclavicular joint are 
associated with full thickness rotator cuff tears.

• Fluid in the biceps tendon sheath usually implies glenohumeral 
rather than biceps pathology.

• The posterior approach is recommended for identifying and 
aspirating effusion of the glenohumeral joint.

• Ultrasound has no established role in assessing instability of the 
glenohumeral joint.

• Spinoglenoid notch labral cyst may result in infraspinatus muscle 
wasting.

The Hill–Sachs deformity, indicating previous dislocation, can be 
readily diagnosed on ultrasound as a trough-like defect in the pos-
terolateral aspect of the humeral head (Fig. 52.35).

FRACTURE

Ultrasound is often requested in patients with ongoing symptoms 
following trauma in the presence of radiographs that have been 
interpreted as normal. A common finding is an undisplaced frac-
ture of the greater tuberosity. Ultrasound is sensitive for fracture as 
the break in the cortex is readily identified (Fig. 52.36).
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INTRODUCTION

The elbow is a complicated joint which is subject to a wide range 
of mechanical forces making it susceptible to a variety of conditions. 
Ultrasound is an excellent imaging technique for evaluating the 
elbow joint, either as the primary imaging modality or as an adjunct 
to other modalities, particularly magnetic resonance imaging 
(MRI).1 Ultrasound can also be used to guide interventional proce-
dures. This chapter covers ultrasound anatomy, technique and the 
appearances of common disorders at the elbow.

TECHNIQUE AND ANATOMY

The elbow is a complex hinge-pivot synovial joint which combines 
function with stability. It has three main components: the humero-
radial, humero-ulnar and radioulnar articulations. The humero-
ulnar articulation allows for flexion and extension, whilst pronation 
and supination occur at the radioulnar articulation. For the pur-
poses of ultrasound evaluation the elbow can be examined in four 
main compartments: anterior, posterior, medial and lateral.

Anterior compartment

The patient should be seated with the elbow supine and extended, 
resting on a couch or bed (Fig. 53.1). The most easily identified 
landmark is the radiocapitellar joint in the longitudinal plane. Artic-
ular cartilage is delineated as a thin low-echogenicity layer overly-
ing the echogenic cortex. In children the cartilaginous epiphyses are 
low echogenicity, have smooth margins and contain randomly 
interspersed small echogenic foci.2 The ossifying epiphyses develop 
small irregular ovoid or spherical echogenic sites of calcium  
deposition (Fig. 53.2).

As the probe is swept across the joint, the coronoid fossa is identi-
fied as a smooth depression in the distal humerus. Lying within the 
coronoid fossa is the echogenic anterior fat pad which lies superfi-
cial to the anterior joint lining.3 The fat pad is elevated when there 
is a joint effusion, synovitis or haemarthrosis (Fig. 53.3).

The biceps tendon inserts onto the radial tuberosity and dips 
down obliquely as it courses from a superficial to deep position. 
With a longitudinal scan, a direct anterior approach, the elbow 
extended and the forearm supinated the tendon has a hyperechoic 
fibrillar appearance. Visualisation of the distal biceps may be dif-
ficult due to anisotropy. This may be overcome by angling the 
transducer slightly laterally and flexing the elbow by a few degrees. 
Alternatively, if the probe is placed medially and directed laterally 
with the elbow flexed, abducted and supinated (the FABS position4) 
the effect of anisotropy can be reduced (Figs 53.4 and 53.5). The 
biceps tendon should also be imaged in the axial plane. It is best to 
start above the musculotendinous junction and slide the probe 
distally.

The brachialis muscle is the most superficial muscle in the distal 
arm. Its tendon inserts onto the proximal ulna and should not be 
mistaken for the biceps.

The major artery at the elbow is the brachial artery, which runs 
superficial to the brachialis muscle and medial to the biceps muscle 
and tendon. Approximately 1–2 cm distal to the elbow joint, at the 
level of the radial head, it divides into the radial and ulnar arteries. 
The cephalic and basilic veins run in the anterior superficial soft 
tissues.

The median nerve follows the axillary artery and lies superficial 
to the brachial muscle in the upper arm. It courses over the medial 
aspect of the elbow joint and enters the forearm between the two 
heads of pronator teres. Just distal to this point it gives off the 
anterior interosseous branch and then continues down the forearm 
between the flexor digitorum superficialis and profundus.5

The simplest way to detect the median nerve is to scan in the axial 
plane at the mid forearm, where the nerve is easily identified 
between the flexor digitorum superficialis and profundus, and to 
follow the nerve proximally to the elbow.

The radial nerve travels around the humerus in the spiral groove 
between the medial and lateral heads of the triceps, then pierces the 
intermuscular septum to enter the anterior compartment of the arm. 
It lies between the brachialis and brachioradialis muscles at the 
level of the lateral epicondyle, then divides into the motor posterior 
interosseous nerve and the sensory superficial radial nerve at the 
level of the radiocapitellar joint.6

James Teh
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The posterior interosseous nerve enters the radial tunnel beneath 
the arcade of Frohse, a musculotendinous band formed by the 
upper border of supinator. A leash of arterial branches (leash of 
Henry) crosses over the posterior interosseous nerve just before the 
arcade of Frohse.

Figure 53.1 The position for performing ultrasound of the 
anterior compartment of the elbow.

Figure 53.2 The radiocapitellar joint in a child. The arrowheads 
indicate the hypoechoic unossified cartilage of the capitellum (C) 
and the arrow indicates the unossified cartilage of the radial  
head (R).

Figure 53.3 The radiocapitellar joint in an adult. The extended 
field-of-view (FOV) image demonstrates the capitellum (C) and radial 
head (R). The echogenic anterior fat pad (arrow) sits within the 
coronoid fossa.

Figure 53.4 Anterior view of the biceps tendon (arrowheads). 
The position of the radial tuberosity is indicated.

Figure 53.5 The biceps tendon (arrowheads) attaching to the 
radial tuberosity (R) visualised with the elbow flexed, abducted and 
supinated.
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Posterior compartment

The patient should be positioned with the palm flat on the couch 
with the elbow flexed at 90° in the so-called crab position. A copious 
amount of ultrasound gel should be used to allow the tip of the 
olecranon to be visualised (Fig. 53.6).

The triceps tendon attaches to the tip of the olecranon. The ole-
cranon fossa contains the echogenic posterior fat pad, which can be 
displaced by an effusion, synovitis or haemarthrosis (Fig. 53.7).

The ulnar nerve is demonstrated in the ulnar groove with the 
probe placed between the olecranon and medial epicondyle. The 
nerve is normally of uniform thickness, measuring approximately 
2 × 3 mm. In the longitudinal plane it has a cord-like appearance 
with multiple linear fascicles (Figs 53.8 and 53.9). Ulnar nerve 
division is considered a normal variant.7 Comparison with the 
contralateral side is useful for assessing suspected alterations in 
morphology. Flexion and extension of the elbow shows medial 
subluxation of the nerve over the medial epicondyle in up to 20% 
of subjects.8 Subluxation is thought to be due to congenital laxity of 
Osborne’s fascia, which forms the roof of the epicondylar groove.

Distal to the epicondylar groove the ulnar nerve crosses the 
elbow, giving off articular branches and branches to the flexor carpi 
ulnaris and the medial half of the flexor digitorum profundus. It 
dips between the two heads of the flexor carpi ulnaris and continues 
into the forearm between this muscle and the flexor digitorum 
profundus.

Figure 53.6 The ‘crab’ position for examining the posterior 
compartment of the elbow.

Figure 53.7 The extended FOV image of the posterior aspect 
of the elbow demonstrating the triceps tendon (arrowheads) 
inserting onto the olecranon. The echogenic posterior fat pad 
(asterisk) sits within the olecranon fossa.

Figure 53.9 Longitudinal view of the ulnar nerve (arrowheads) 
at the level of the medial epicondyle demonstrating a uniform 
thickness.

Medial compartment

The patient is positioned in front of the sonographer with the elbow 
extended and the forearm supinated. Alternatively the patient may 
be examined lying supine with the arm extended above the head. 
The probe is placed longitudinally over the medial epicondyle and 
the origin of the common flexor tendon, which is formed by the 
pronator teres and superficial flexor muscles. The normal tendon 
has a hyperechoic triangular or beak-like appearance. The tendon 
should be assessed for altered echogenicity, thickening, calcifica-
tions and enthesopathic change. There should be no flow on 
Doppler interrogation (Fig. 53.10).

The ulnar collateral ligament has three main bands: anterior, 
posterior and oblique. The anterior band is attached to the anterior 
aspect of the medial epicondyle and the medial margin of the coro-
noid process. It is a cord-like structure which is taut with the elbow 
extended, with a hyperechoic fibrillar appearance.9 It has an impor-
tant role in stabilising the elbow against valgus stress (Fig. 53.11). 
The posterior band attaches the postero-inferior medial epicondyle 
to the medial margin of the olecranon. It is a fan-like structure 
which is taut with the elbow flexed, but is usually difficult to visu-
alise as a discrete structure. The oblique band passes from the 
medial olecranon to the medial aspect of the coronoid fossa. It plays 
only a minor role in stabilisation and is usually difficult to 
identify.

Figure 53.8 Axial view of the posteromedial aspect of the 
elbow demonstrating the echogenic fascicular structure of the ulnar 
nerve (arrowheads) sitting in the epicondylar groove.
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Figure 53.11 Longitudinal view of the ulnar collateral 
ligament (arrowheads).

Figure 53.12 The ‘praying’ position for examining the lateral 
aspect of the elbow.

Figure 53.13 Longitudinal view of the lateral aspect of the 
elbow demonstrating the common extensor origin (arrows) and the 
radial collateral ligament (arrowheads).

Technique and anatomy

• Ultrasound can detect as little as 1–3 mL of fluid in the elbow 
joint.

• Visualisation of the distal biceps tendon may be improved by 
slight flexion of the elbow joint and lateral angulation of the 
transducer.

• The ulnar nerve subluxes from the cubital tunnel when the elbow 
is flexed in 20% of subjects.

• The common flexor and extensor origins appear almost identical. 
They are triangular, fibrillar and echogenic.

Lateral compartment

The patient is positioned with the elbow in slight flexion and the 
forearm in the neutral position. An ideal position is easily achieved 
if the patient is asked to place both hands together (Fig. 53.12). In 
the longitudinal plane the common extensor origin has a triangular 
or beak-like hyperechoic fibrillar appearance, similar to the common 
flexor origin. The superficial fibres are composed of the extensor 
carpi radialis brevis, extensor digitorum, extensor digiti minimi and 
extensor carpi ulnaris. The deep fibres consist mainly of extensor 
carpi radialis brevis.10 The common extensor origin may be affected 
by anisotropy. If the probe is gently tilted or rocked, the area 
affected by anisotropy should regain its normal echogenicity 
whereas true tendinopathic areas or tears remain hypoechoic  
(Fig. 53.13).

The radial collateral ligament is a short narrow fibrous band, less 
distinct than the ulnar collateral, attached above to a depression 
below the lateral epicondyle of the humerus and below to the 
annular ligament. Some of its most posterior fibres pass over the 
annular ligament, to be inserted into the lateral margin of the ulna.

Figure 53.10 Longitudinal view of the medial aspect of the 
elbow demonstrating the echogenic beak-like appearance of the 
common flexor origin (arrowheads).

The annular ligament is attached to the margin of the trochlear 
notch of the ulna, and it encircles the head of the radius, functioning 
to keep the head in contact with the radial notch of the ulna. The 
proximal radioulnar joint is encapsulated by the elbow joint  
capsule.
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INDICATIONS AND PATHOLOGICAL 
CONDITIONS

Effusion and synovitis

Effusions may be simple or complex, when there is associated syno-
vial hypertrophy. An effusion may occur as a non-specific response 
to a wide range of insults, including trauma, infection, inflamma-
tory arthropathy and degeneration. Ultrasound can demonstrate 
effusions as small as 1–3 mL.11 The joint should be approached both 
anteriorly and posteriorly, preferably with the elbow slightly 
flexed.11 On ultrasound there is anechoic or low-echogenicity dis-
tension of the joint with elevation of the anterior and posterior fat 
pads (Fig. 53.14). Synovial thickening appears more echogenic than 
effusion and may demonstrate Doppler flow (Fig. 53.15). Dynamic 
compression helps to differentiate effusion from synovium, as fluid 
can be displaced. Ultimately, aspiration may be required to deter-
mine the cause of effusion.

Figure 53.14 Longitudinal view of a posterior elbow joint 
effusion (arrowheads) with displacement of the fat pad from the 
olecranon fossa.

Figure 53.15 Septic joint with effusion and synovitis. Axial 
dual image view of the olecranon fossae (O.F.) comparing abnormal 
(left) with normal (right) sides. The position of the joint capsule is 
indicated by the arrowheads; the asterisk represents the joint 
effusion and synovitis.

Loose bodies

The elbow is the second most common joint for loose bodies after 
the knee. A loose body originates from a small detached nidus of 
bone, articular cartilage or synovium which can be associated with 
trauma, degeneration, osteochondritis dissecans or a synovial pro-
liferative disorder. The nidus may increase in size over time, 
growing in a laminar fashion, receiving its nutrition from the syno-
vial fluid.12 Patients may present with pain, limitation of movement 
or locking.

If a loose body is suspected plain radiography should be per-
formed. If a loose body is not mineralised or lies deep within the 
coronoid or olecranon fossae it may be missed on radiographs. Dif-
ferentiation from osteophytes may be difficult in patients with  
osteoarthritis. Computed tomography (CT) and MRI accurately 
identify and localise loose bodies particularly in the presence of intra- 
articular contrast.13,14

Ultrasound is an excellent modality for demonstrating loose 
bodies, which usually appear echogenic with posterior acoustic 
shadowing. There may be an associated effusion (Fig. 53.16). If the 
joint is dry, injection of saline may significantly improve the con-
spicuity of loose bodies, particularly if they are small or of low 
echogenicity.15 Injection with 10–15 mL of saline can be achieved 
via a posterior approach. The articular surfaces should be examined 
if a loose body is seen to determine if the source is an osteochondral 
lesion such as osteochondritis dissecans (Fig. 53.17).

Synovial osteochondromatosis
Synovial osteochondromatosis is a synovial proliferative disorder 
characterised by synovial metaplasia.16 There are three recognisable 
phases. In the proliferative phase there is synovial hypertrophy 
only, with no evidence of loose bodies. In the transitional phase 
there is active synovial proliferation with multiple loose bodies.  
In the late stage of disease there are multiple ossified loose bodies 
with no active synovitis. In the early stage plain radiographs  
demonstrate fat pad elevation but no ossified loose bodies. In the 

Figure 53.16 Anterior longitudinal view demonstrating an 
echogenic loose body (arrow) sitting within the coronoid fossa.
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Figure 53.18 Synovial osteochondromatosis with distension of 
the joint capsule. Several small echogenic foci are present.

Figure 53.19 Biceps tendon rupture. Longitudinal extended FOV 
image demonstrating a full thickness rupture of the biceps tendon 
with retraction (arrow). The gap (arrowheads) lying adjacent to the 
brachial artery is partly filled with haematoma.

tendon.4 Conversely, an intact lacertus fibrosus prevents tendon 
retraction and may make assessment more difficult.

Ultrasound is a good technique for assessing biceps tendon inju-
ries.20,21 The biceps tendon should be approached in both the longi-
tudinal and transverse planes. Complete rupture results in 
disruption of the tendon fibres and hypoechoic or mixed-echogenic-
ity haemorrhage in the gap.21 The position of the proximal ruptured 
tendon end can be marked on the skin to allow surgical planning. 
Occasionally, a small avulsion fragment can be demonstrated  
(Fig. 53.19).

With a partial tear the abnormal segment of tendon is thickened 
or thinned but not discontinuous.4,20 It may have a wavy contour in 
the longitudinal plane indicating laxity. A partial tear may be  
difficult to differentiate from severe tendinosis (Fig. 53.20).

Associated features of biceps tendon tears include irregularity of 
the bicipital tuberosity of the radius, tenosynovitis and bicipitora-
dial bursitis. There may be muscle atrophy if the injury is chronic. 
If visualisation of the tendon is poor, MRI should be performed.

Triceps tendinosis
Triceps tendinosis is a relatively common condition usually occur-
ring in middle-aged or elderly men. There may be associated 
enthesopathic change with a small traction spur seen at the ole-
cranon. The tendon is swollen, heterogeneous and hypoechoic. 

transitional and late phases ossified loose bodies can be seen. Even-
tually secondary osteoarthritis may occur. The presenting symp-
toms are usually diffuse discomfort with decreased range of motion 
and an accompanying gritty or locking sensation. The loose body 
may result in ulnar, median or radial nerve compression.17,18 On 
ultrasound loose bodies can be detected prior to their appearance 
on radiographs. Multiple small echogenic loose bodies are typically 
seen with associated synovitis or effusion (Fig. 53.18).

Tendon injury

Biceps tendon injury
Distal biceps tendon injuries are uncommon, comprising around 
3% of biceps injuries. The biceps tendon is typically injured by 
forced extension of the flexed elbow with the biceps contracted, or 
by lifting a heavy weight. With partial tears, the cause may be 
chronic attrition and there may not be a good history of acute 
trauma.19 The patient is typically a middle-aged man or weight-
lifter. The tendon usually ruptures at the insertion. Attempted 
flexion of the biceps results in the ‘Popeye’ sign, with bunching up 
of the muscle belly in the mid-arm. Bruising may be present above 
the elbow.

Partial tears are usually managed conservatively and complete 
tears dealt with surgically. Attachment to the brachialis improves 
flexion but not supination. Reattachment to the radial tuberosity 
provides the best functional outcome but usually requires two inci-
sions and may put the radial nerve at risk. The degree of tendon 
retraction can be assessed, allowing the surgeon to plan the surgical 
approach. Significant tendon retraction indicates injury of the lac-
ertus fibrosus, a thin fibrous band that crosses over the distal biceps 

Figure 53.17 Osteochondritis dissecans in a 15-year-old 
gymnast demonstrating an osteochondral lesion (arrowheads) of the 
capitellum (C) with an in-situ fragment (arrow). The radial head is 
indicated (R).
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inflammatory arthropathy, diabetes, gout, renal failure, local steroid 
injections and olecranon bursitis. Patients present with pain and 
swelling, and limited ability to extend. A palpable gap may be 
present. The tear may be partial or complete. As with biceps tendon 
injuries, complete tears usually require surgery whereas partial 
tears may heal with conservative therapy.23 Ultrasound may iden-
tify an echogenic avulsion fragment from the olecranon with associ-
ated posterior acoustic shadowing.24 Dynamic scanning in the 
longitudinal plane with the patient’s elbow passively extended and 
flexed may allow differentiation of a partial from a complete tear. 
With partial tears there is disruption of the fibrillar echo pattern 
with remnant intact fibres seen. There may be associated thickening 
of the tendon due to associated tendinosis. With complete tears 
there is discontinuity with a hypoechoic gap in the tendon24 
(Fig. 53.22).

Tennis elbow
Tennis elbow or lateral epicondylitis is a common cause of elbow 
pain. The term ‘epicondylitis’ is a misnomer as there is no signifi-
cant inflammatory change; rather the condition reflects tendinosis 
or enthesopathic change of the common extensor origin due to 
repetitive microtrauma during supination of the forearm and dor-
siflexion of the wrist.10,25 The microtears lead to formation of repara-
tive tissue resulting in angiofibroblastic hyperplasia. Patients are 
usually aged 35–55 years and present with symptoms over the 
lateral epicondyle, exacerbated by use. The condition is usually 
diagnosed clinically and is often self-limiting. Imaging may be 
required if the symptoms do not respond to therapy, and if inter-
vention or surgery is being considered.

Ultrasound shows loss of the normal echotexture of the common 
extensor origin with generalised or focal areas of decreased echo-
genicity, and loss of the fibrillar structure.10 There may be general-
ised swelling of the tendon.26 In most symptomatic cases there is 
increased vascularity on Doppler, indicating vascular in-growth. 
The deep fibres of the tendon tend to be affected more commonly 
than the superficial fibres. Tendon tears manifest as linear hypoe-
choic lines or clefts. Bony changes may be present, with traction 
spur formation or cortical irregularity at the lateral epicondyle26 
(Figs 53.23 and 53.24). In chronic cases there may be mineralisation 
within the tendon. Macroscopic partial tears of the common exten-
sor origin are common and seen as discrete cleavage planes travers-
ing the tendon. The adjacent radial collateral ligament may also be 
injured.10 Comparison with the contralateral elbow is very useful, 
particularly if changes are subtle.

There is often increased flow on Doppler interrogation. Small cal-
cifications may be present within the tendon close to the insertion 
indicating enthesopathic change. Associated olecranon bursitis is 
common22 (Fig. 53.21).

Triceps tendon ruptures
Triceps tendon ruptures are uncommon. They occur as a result of 
a direct blow to the posterior aspect of the elbow or eccentric 
loading on a contracting triceps.23 Predisposing factors include 

Figure 53.20 Longitudinal image demonstrating a full 
thickness tear of the biceps tendon with only a small gap 
(arrow). The tendon appears thickened and lax. The brachial artery 
is marked by the asterisks.

Figure 53.21 Longitudinal view demonstrating triceps 
tendinosis (arrowheads) with a small olecranon spur (arrow). 
There is minor flow on power Doppler interrogation.

Figure 53.22 Triceps tendon rupture. Longitudinal extended 
FOV image demonstrating a ruptured triceps tendon with retraction 
(arrowheads) in a weight-lifter.
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Figure 53.25 Bicipitoradial bursitis. Longitudinal extended FOV 
image demonstrating a sausage-shaped heterogeneous distended 
bicipitoradial bursa (arrowheads).

Figure 53.26 Bicipitoradial bursitis. Sagittal STIR sequence 
demonstrating a distended bicipitoradial bursa (arrowheads) with 
distal biceps tendinosis and partial tear (arrow).

bursal distension there is a combination of fluid and synovial 
hypertrophy, often with increased vascularity on Doppler. Soft 
tissue debris, calcifications and septations28 and occasionally rice 
body formation may be present.29 Bursal distension may compress 
the radial or posterior interosseous nerves.30 Bursitis is often associ-
ated with distal biceps injury19 and may also occur with overuse, 
inflammatory arthropathies and infection. Occasionally, the bursa 
is the site for synovial proliferative disorders such as synovial oste-
ochondromatosis. The degree of synovial hypertrophy may be so 
severe that it may be difficult to exclude a neoplasm on imaging 
grounds alone. If bicipitoradial bursitis is present the elbow  
joint should be carefully examined to exclude underlying joint 
synovitis, which may indicate inflammatory arthropathy (Figs 53.25 
and 53.26).

Olecranon bursitis
Olecranon bursitis, also known as miner’s elbow or student’s elbow, 
is a common condition which can be caused by trauma, overuse, 
gout or inflammatory arthropathy. Infection is implicated in around 
20% of patients with olecranon bursitis. Staphylococus aureus is the 
most common organism. Patients present with a painful swelling 
which may be accompanied by skin erythema. The diagnosis is 
usually clinical but imaging may be necessary to exclude a soft 
tissue neoplasm or involvement of the joint. Ultrasound shows 
distension of the bursa with compressible low-echogenicity fluid, 
usually in association with synovial thickening.22 Sometimes the 
bursa has a completely solid appearance due to florid synovial 
hypertrophy. Doppler flow may be seen in the solid components. 
Calcified loose bodies are seen occasionally. If infection is suspected 
ultrasound allows guided aspiration (Fig. 53.27).

Figure 53.23 Tennis elbow. Longitudinal image of the common 
extensor origin demonstrating tennis elbow with a hypoechoic tear 
(arrowhead) of the deep fibres (extensor carpi radialis brevis). Note 
the presence of power Doppler signal at the tendon insertion.

Figure 53.24 Tennis elbow. Longitudinal image of the common 
extensor origin demonstrating chronic tennis elbow with a 
heterogeneous tendon, enthesopathic change and small areas of 
mineralisation. The arrowheads indicate the abnormal common 
extensor origin.

Golfer’s elbow
Golfer’s elbow or medial epicondylitis, sometimes called pitcher’s 
elbow, represents tendinosis or enthesopathic change at the 
common flexor origin. Patients present with focal pain and tender-
ness over the medial epicondyle, worse on using the arm. The 
ultrasound manifestations are similar to lateral epicondylitis with 
focal or generalised altered echotexture of the tendon and swelling. 
Increased Doppler signal may be present.27

Bursitis

Bicipitoradial bursitis
The bicipitoradial or cubital bursa is a potential space lined by 
synovial tissue that drapes around the distal biceps tendon but does 
not completely encircle it. The bursa reduces friction between the 
distal biceps tendon and the radial tuberosity during pronation and 
supination of the forearm. A normal bursa may be imperceptible or 
may appear as a low-echogenicity cleft surrounded by a thin hyper-
echoic lining.

Bursal distension may be simple or complex. With simple bursal 
distension there is anechoic distension of the bursa. With complex 
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may be unsuspected on plain radiographs.38–41 If a lipohaemarthro-
sis is demonstrated on ultrasound there is invariably an associated 
cortical break.40

Fractures of the lateral humeral condyle in children may cause 
difficulties in diagnosis and treatment, as the fracture line usually 
involves the cartilaginous trochlea, which cannot be visualised on 
plain radiographs. Ultrasound can differentiate stable from unsta-
ble lateral condyle fractures. The latter can be diagnosed when the 
fracture extends through the physis to the articular surface.42 Unsta-
ble fractures of the lateral condyle usually require surgery whereas 
stable fractures can be managed conservatively.

Avulsion fractures of the medial epicondyle can also be demon-
strated on ultrasound.43 Ultrasound has also been used to assess 
radial neck fractures involving the physis44 (Fig. 53.29).

Although further imaging by ultrasound, CT and MRI can reveal 
more injury than radiographs alone,45,46 routine use of these modali-
ties remains controversial as the additional information appears to 
have little bearing on treatment or clinical outcome.46,47

The pulled elbow is a common injury in young children. Most 
cases do not require radiographs or ultrasound. Imaging is recom-
mended if there is a non-typical history, deformity or the child is 
over 6 years of age.48 In cases of pulled elbow the radial head slips 
beneath the annular ligament resulting in an increase in the distance 
between the radial head and capitellum, and also the radiocoronoid 
distance48–50 (Fig. 53.30).

Figure 53.27 Olecranon bursitis. Axial image of a distended 
thickened olecranon bursa with increased vascularity on power 
Doppler interrogation.

Ligament injury

Ulnar collateral ligament injury
The ulnar collateral ligament is prone to injury when there is valgus 
stress on the elbow, particularly from repetitive overhead throwing 
sports such as basketball, javelin throwing and American football. 
Patients present with localised pain and instability. Chronic valgus 
instability (the medial tension–lateral compression phenomenon) 
may result in medial epicondylitis, ulnar neuropathy, posterome-
dial olecranon impingement and osteophytes and loose body 
formation.31,32

The ligament is usually readily identified deep to the common 
flexor origin and should have a well-defined fibrillar structure. Mid-
substance ruptures account for nearly 90% of injuries.33 In the acute 
phase following injury there is loss of the normal architecture with 
heterogeneous echogenicity seen in the gap due to haematoma.34 
Dynamic scanning with valgus stress improves the specificity of 
diagnosis, and also allows real-time assessment of instability.35 Com-
parison with the contralateral side is extremely useful (Fig. 53.28).

Radial collateral ligament injury
The radial collateral ligament is often injured by dislocation of the 
elbow and may be associated with tendinosis or previous surgery 
for tennis elbow.36,37 There is loss of the normal structure with loss 
of continuity of fibres on ultrasound. There may be fluid in the gap. 
The adjacent common extensor origin should be assessed for tendi-
nosis or tears. On Doppler interrogation increased vascularity may 
be present in the common extensor origin indicating degeneration 
with vascular in growth.

Paediatric bony injury

Ultrasound can be used to reveal effusions, cortical breaks and 
transphyseal fractures through unossified epiphyseal cartilage that 

Pathological conditions

• Tears of the distal biceps tendon result in disruption of tendon 
fibres, haematoma in the gap and possibly tendon retraction but 
retraction does not occur if the lacertus fibrosus is intact.

• Bicipitoradial bursitis results in distension of the bursa with fluid or 
synovium.

• Intra-articular loose bodies may be better seen with an ultrasound 
arthrogram.

• Epicondylitis produces swelling, reduced echogenicity, loss of the 
normal echo pattern in the tendon ± hyperostosis and 
neovascularity.

• Dynamic scanning improves detection of ulnar collateral ligament 
tears.

Figure 53.28 Longitudinal dual image view of the medial 
elbow demonstrating the normal (left, arrowheads) and torn (right, 
arrow) ulnar collateral ligament.

Paediatric injury

• Ultrasound has a valuable role in evaluating transphyseal 
fractures.

• In cases of pulled elbow the radial head slips beneath the annular 
ligament, increasing the radiocapitellar distance.



CHAPTER 53 • Ultrasound of the elbow

1052

Figure 53.31 Longitudinal image demonstrating focal 
thickening of the ulnar nerve (arrowheads) in the epicondylar 
groove in a patient with a subluxing nerve.

Nerve entrapment

• An entrapped nerve may be hypoechoic and swollen, with loss of 
the normal fibrillar echotexture.

• Entrapment of the ulnar nerve usually occurs at the epicondylar 
groove.

• Entrapment of the posterior interosseous nerve may occur due to 
elbow synovitis.

n The epicondylar groove is a fibro-osseous tunnel that is 
bound by the olecranon and medial epicondyle, and covered 
by a fibrous band. A shallow groove or disruption of the band 
may result in subluxation of the ulnar nerve resulting in 
neuritis. Spontaneous subluxation of the ulnar nerve out of 
the cubital tunnel occurs in 20% of the population.8 With 
flexion and extension of the elbow there may be medial 
subluxation of the ulnar nerve, with the patient reporting a 
click or snap.52,53 This important feature is usually only 
present with dynamic imaging and may not be appreciated on 
MRI. Patients with symptomatic ulnar nerve subluxation may 
benefit from nerve transposition surgery. Any cause of mass 
effect within the epicondylar groove such as a spur, synovitis 
or ganglion may also lead to nerve compression.

n The cubital tunnel runs between the two heads of the flexor 
carpi ulnaris, which are connected by a continuation of the 
fibrous covering of the epicondylar groove (Osborne’s 
ligament). As the elbow flexes, the tunnel flattens.

n When the ulnar nerve exits the flexor carpi ulnaris it can be 
compressed at the flexor-pronator aponeurosis.

With entrapment the nerve may become hypoechoic and lose its 
normal speckled structure in cross-section. There may also be 
calibre changes. Thickening of the nerve indicates neuropathy.54,55 
A cross-sectional area greater than 0.1 cm2 is suggestive of neuropa-
thy. Assessment in the longitudinal plane may demonstrate focal 
swelling. Normally no changes are present on Doppler evaluation 
(Fig. 53.31).

Posterior interosseous nerve compression
Posterior interosseous neuropathy initially results in pain and 
weakened extension of the ring and middle fingers. Eventually 
there is weakness in extension of all the fingers and in thumb 
abduction.

To identify the posterior interosseous nerve on ultrasound, the 
radial nerve should first be identified at the radial groove in the 
axial plane. As the nerve is followed down, bifurcation of the radial 
nerve into superficial and deep components can be seen. The deep 

Figure 53.29 Longitudinal image of the proximal radius 
demonstrating a Salter–Harris type II fracture (arrow) involving the 
unossified physis (asterisks). There is a lipohaemarthrosis 
(arrowheads).

Figure 53.30 Pulled elbow. Longitudinal dual image comparing 
the normal (left) with a pulled elbow (right) in a 9-year-old girl. The 
radiocapitellar joint (marked by RAD and CAP) is widened and 
contains the echogenic body (arrow) shown at surgery to represent 
the annular ligament.

Nerve entrapment

Ulnar nerve entrapment
The features of ulnar nerve entrapment vary from mild intermittent 
paraesthesia in the ring and little fingers to clawing of the digits 
with muscle wasting. Patients may have difficulty opening jars.

There are five potential areas of ulnar nerve compression around 
the elbow.51 The most common sites of entrapment around the 
elbow are the olecranon groove and the cubital tunnel.
n Intermuscular septum compression may occur at the ligament 

of Struthers, a myofascial band seen in association with a 
supracondylar spur, which is a normal variant. This occurs 
approximately 8 cm above the medial epicondyle or at the 
medial head of triceps, which may snap over the medial 
epicondyle.

n Following a fracture of the medial epicondyle chronic 
stretching of the ulnar nerve may occur.



1053

References

controlled trials comparing the various treatments and as a result 
there is no consensus as to which technique is the best.62 A recent 
meta-analysis has shown that physiotherapy may be more success-
ful than steroid injections in the long term.60

The diagnosis of epicondylitis is often made on clinical grounds 
without imaging. Many clinicians perform therapeutic injections 
without imaging guidance. If therapy has failed, or there is doubt 
as to the diagnosis, the patient may be referred for ultrasound 
diagnosis and guided injection.

Depending on local practice, a simple steroid and local anaes-
thetic injection may be performed around the tendon origin using 
a longitudinal approach. Some practitioners advocate intra- 
tendinous injection but this carries a small risk of tendon rupture. 
Following introduction of local anaesthetic the tendon origin may 
be dry-needled, by repeated to-and-fro needle perforations of the 
tendon to elicit micro-haemorrhage. Autologous blood injection 
involves drawing a small volume of venous blood from the patient 
and re-injecting this in and around the tendon origin.63 This proce-
dure has been shown to reduce the number of interstitial tears and 
decrease the neovascularity.
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branch penetrates the supinator muscle as the posterior interos-
seous nerve. Entrapment of the posterior interosseous nerve may 
result from a variety of conditions including severe elbow joint 
synovitis, bicipitoradial bursitis, a radiocapitellar ganglion, trauma, 
misplaced surgical screws or impingement at the arcade of 
Frohse.6,56,57 Nerve compression due to hypertrophy of the leash of 
Henry has also been documented. In supinator syndrome, the nerve 
may become thickened as it is impinged at the level of supinator58 
(Fig. 53.32).

ULTRASOUND-GUIDED INTERVENTIONAL 
PROCEDURES

Joint aspiration and injection

Elbow joint aspiration may be required in suspected infection or 
inflammatory arthropathy. A posterior approach is safest. The 
patient should be positioned with the elbow flexed and abducted. 
Children may be scanned sitting on a parent’s lap with the elbow 
flexed. Ideally a probe cover should be used to ensure an aseptic 
technique. The probe should be positioned longitudinally over the 
dorsal aspect to demonstrate the effusion. A small volume of sub-
cutaneous local anaesthetic may be used. Under continuous direct 
guidance the distended joint can be entered using a 20G needle. The 
aspirate should be routinely sent for microbiology and crystals.

Ultrasound-guided injection of the elbow may be performed for 
an arthrogram or therapy. The posterior approach is also recom-
mended. The needle tip is directed into the olecranon fossa where 
the posterior recess is distended easily.

Injection of the common extensor and 
flexor origins

Physiotherapy, ultrasound and shock-wave therapy, steroid injec-
tions, dry needling, acupuncture, autologous blood injection and 
surgery have all been utilised for the treatment of epicondylitis, 
with varying success.59–61 To date there have been no randomised 

Figure 53.32 Longitudinal image of the anterior elbow joint 
demonstrating a radiocapitellar ganglion (arrows) in a patient with 
posterior interosseous nerve syndrome (supinator syndrome).
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INTRODUCTION

Ultrasound (US) provides exquisite detail of superficial structures, 
dynamic assessment and rapid examination and is the first-line 
imaging modality in the assessment of the soft tissues of the wrist 
and hand.1,2 Applications of US include the diagnosis of extensor 
and flexor tendon abnormalities, retinacula-related disorders, some 
ligament injuries and compressive or traumatic neuropathies. 
Accurate diagnosis and adequate treatment is essential given the 
importance of normal hand function in sporting, professional and 
everyday activity. The aim of this chapter is to review the clinically 
relevant anatomy and US appearances of tendons, ligaments  
and nerves of the wrist and hand and to emphasise the role of US 
in assessing them. Rheumatological disorders are described in 
Chapter 59.

NORMAL ANATOMY AND  
SCANNING TECHNIQUE

The wrist is crossed by flexor and extensor tendons along its ventral 
and dorsal aspects respectively. The extensor tendons pass through 
a series of osteofibrous tunnels composed of depressions in the 
surface of the radius and ulna that are covered by the extensor reti-
naculum. From the deep surface of the retinaculum, vertical fibrous 
bands insert into the bone, dividing the extensor tunnel into six 
compartments numbered from radial (I) to ulnar (VI). As shown in 
Figure 54.1, the first compartment contains the abductor pollicis 
longus (APL) and extensor pollicis brevis (EPB) tendons. Medial to 
this, the second compartment houses the extensor carpi radialis 
longus (ECRL) and brevis (ECRB), which insert on the base of the 
second and third metacarpals. The third compartment is separated 
from the second by the bony prominence of Lister’s tubercle, and 
contains extensor pollicis longus (EPL) which, with EPB, forms the 
dorsal and volar boundaries of the anatomical snuff-box. The fourth 
compartment is wide and encloses the four tendons of extensor 
digitorum communis (EDC) for the II–V fingers, and the tendon of 
the extensor indicis proprius (EIP), which is absent or rudimentary 
in approximately 40% of normal subjects. The fifth compartment 

encloses the extensor digiti minimi (EDM). The sixth compartment 
includes extensor carpi ulnaris (ECU), which inserts into the base 
of the fifth metacarpal. These tunnels give lateral stability to the 
extensor tendons during wrist and fingers movements.

US depicts each tendon as a rounded or oval echogenic fibrillar 
structure from the musculotendinous junction to its insertion.3,4 
Dynamic scanning during passive finger flexion and extension may 
help to assess their integrity and gliding quality.

Transverse US images are first obtained at the distal radius to 
identify the Lister tubercle, the landmark that separates the second 
and third compartments. Then the probe is swept proximally and 
distally along the axis of the tendon or directed radially or ulnarly 
to change the compartment to be examined. Depending on probe 
positioning, the normal extensor retinaculum surrounding the 
tendons may assume a hypoechoic appearance from anisotropy. 
This should not be misinterpreted as tenosynovitis.5

In the fingers, the extensor tendons become broad and flat, like 
an aponeurotic expansion, that covers the dorsal aspect of the meta-
carpophalangeal joint (MCPJ) and proximal phalanx and narrows 
distally (extensor hood). Each tendon has three slips: one central, 
which runs in the midline to insert onto the middle phalanx, and 
two lateral, which pass on each side of the central to insert on the 
distal phalanx. Over the metacarpal head, the extensor tendon 
complex is stabilised by a retinaculum, which is known as the sagit-
tal band.6

When examining the dorsal wrist, transverse planes are the best 
to depict and correctly identify the extensor tendons. Longitudinal 
images may be helpful to assess tendon gliding and check the distal 
tendon insertions dynamically.

At the volar aspect of the wrist, nine flexor tendons cross the 
carpal tunnel: they include four slips from the flexor digitorum 
superficialis (FDS) and four from the flexor digitorum profundus 
(FDP) for the II–V fingers and the flexor pollicis longus (FPL) (Fig. 
54.2). At the wrist, the FDS and FDP tendons have a common syno-
vial sheath, whereas the FPL crosses the tunnel enveloped by a 
separate sheath. After exiting the carpal tunnel, the flexor tendons 
diverge to reach the respective fingers. At the base of the proximal 
phalanx, the FDS tendon divides into two slips which pass on each 
side of the FDP tendon. More distally, the FDS slips cross dorsal to 
the FDP and insert into the shaft of the middle phalanx, whereas 
the FDP continues its straight course to reach the base of the distal 
phalanx. The FPL tendon traverses the thenar eminence between 
the superficial and deep bellies of the flexor pollicis brevis muscle. 
It then enters the thumb, passing in between the sesamoids to insert 
at the base of the distal phalanx.

US shows the finger flexor system in excellent detail.3,4 In each 
finger, the flexor tendon are invested by a single synovial sheath 
and stabilised by a fibrous envelope consisting of a complex system 
of annular pulleys and cruciform bands.7 The annular pulleys are 
located at five specific locations along the tendon sheath and are 
numbered from proximal (A1) to distal (A5) (Fig. 54.3). Of the five 
pulleys, the A2 is the strongest and the A4 has the greatest stiffness. 
Both attach to the bone while the A1, A3 and A5 pulleys arise from 
the palmar plates. In the thumb, the flexor digital sheath includes 
two pulleys lying over the MCPJ (A1) and the head of the proximal 
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metacarpal. The palmaris longus (PL) tendon is a thin tendon which 
passes midline and superficial to the transverse carpal ligament.

The two most important intrinsic ligaments of the wrist are the 
scapholunate (SLL) and lunotriquetral (LTL) ligaments. On dorsal 
transverse planes, the SLL is a compact echogenic fibrillar band 
between the lunate and the scaphoid, just distal to the Lister tuber-
cle. The SLL is fundamental to carpal stability. Identification of a 
normal ligament is useful. Non-visualisation of the ligament on 
dorsal scans does not necessarily indicate a complete tear as its 

phalanx (A2) and an oblique pulley over the volar shaft of the 
proximal phalanx. The primary flexors of the wrist, the flexor carpi 
radialis (FCR) and the flexor carpi ulnaris (FCU), travel outside the 
carpal tunnel. The FCR is a long tendon invested by its own syno-
vial sheath and inserts on the second metacarpal after coursing 
close to the scapho-trapezio-trapezoid (triscaphe) joint. The FCU is 
not invested by a synovial sheath and courses on the ulnar side of 
the wrist to insert into the pisiform (which is considered a sesamoid 
bone in the tendon), the hook of the hamate and the fifth 

Figure 54.1 Extensor tendons. A: Schematic drawing of the six compartments of the extensor tendons numbered I–VI from radial to 
ulnar: abductor pollicis longus (APL), extensor pollicis brevis (EPB), extensor carpi radialis longus (ECRL), extensor carpi radialis brevis 
(ECRB), extensor pollicis longus (EPL), extensor digitorum communis (EDC), extensor indicis proprius (EIP), extensor digiti minimi (EDM) 
and extensor carpi ulnaris (ECU). Arrow, Lister tubercle; asterisk, distal radioulnar joint. B: Cadaveric view shows the EPL tendon running 
alongside the Lister tubercle (arrow). Distally EPL deflects toward the thumb crossing over the ECRB and ECRL. Asterisk, ulnar head.
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Figure 54.2 Flexor tendons. A: Schematic drawing illustrates the carpal tunnel at its distal level. The transverse carpal ligament (hollow 
arrowheads) inserts on the tubercle (white arrow) of the trapezium and the hook (asterisk) of the hamate. Nine tendons cross the carpal 
tunnel: four from flexor digitorum superficialis (FDS), four from flexor digitorum profundus (FDP) and flexor pollicis longus (2). The flexor 
carpi radialis (1) travels outside the tunnel, close to the trapezium. The median nerve (hollow arrow) lies radially in the carpal tunnel, 
immediately deep to the transverse carpal ligament. At the hamate level, the ulnar nerve has already divided into superficial sensory (black 
arrowhead) and deep motor (black arrow) branches. PL, palmaris longus tendon. B: Corresponding cadaveric slice of the distal carpal 
tunnel. The tunnel is delimited by carpal bones and a fibrous roof formed by the transverse carpal ligament (arrowheads) that inserts on the 
tubercle (white arrow) of trapezium and the hook (asterisk) of the hamate. The flexor digitorum tendons from the FDS and FDP are bundled 
up in the tunnel. Relative to them, the FCR (1) and the FPL (2) assume a more radial position.
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The UN crosses the wrist through the Guyon tunnel, which is 
superficial and medial to the carpal tunnel. It is bounded by the 
pisiform (medially), the transverse carpal ligament (floor) and the 
palmar carpal ligament (roof). The UN bifurcates within the tunnel 
into the superficial (sensory) branch and the deep (motor) branch, 
the latter supplying most of the intrinsic muscles of the hand. Distal 
to the Guyon tunnel, the sensory branch has a straight course while 
the motor branch reflects across the palm to end at the first interos-
seous space.

On the radial aspect of the distal forearm, the superficial cutane-
ous branch of the RN pierces the fascia between the tendons of the 
ECRL and the brachioradialis to move into the subcutaneous tissue 
that overlies the anatomical snuff-box, traversing the extensor 
tendons of the first compartment in close relationship with the 
cephalic vein.

TENDON TEARS

Most extensor tendon tears occur in the fingers, causing typical 
deformities that are easily diagnosed at physical examination. On 
the other hand, identification of extensor tendon ruptures in the 
wrist may not be straightforward clinically and US can be invalu-
able. In closed injuries, US can recognise the cause of the tear, often 
due to bony spurs or attrition from surgical hardware.

ventral part might be intact.8 The LTL can be located by shifting the 
probe slightly to the ulnar side. Its US appearance is similar to that 
of the SLL.3

The triangular fibrocartilage complex (TFC) or radioulnar disc is 
attached by its apex to a depression between the styloid process 
and the head of the ulna; and by its thin base to the prominent edge 
of the radius, which separates the ulnar notch from the carpal 
articular surface. It is interposed between the distal radioulnar and 
radiocarpal joints. At US, it appears as a homogeneously echogenic 
inverted triangular structure deep to the ECU tendon.3

Three nerves cross the wrist: median (MN), ulnar (UN) and the 
superficial cutaneous branch of the radial (RN).9,10 In the wrist, the 
UN is accompanied by the ulnar artery (UA) and the MN gives off 
a secondary sensory nerve, the palmar cutaneous branch (PCBMN).

In the distal forearm, the MN courses in the hyperechoic fascial 
plane between the FDS and FDP. As the MN approaches the wrist, 
it shifts radially and then moves superficial passing alongside the 
lateral margin of the FDS to align itself in the midline before enter-
ing the carpal tunnel. On short-axis planes, the MN has an oval 
cross-section at the proximal tunnel and becomes more flattened as 
it progresses distally to the level of the hamate hook. Throughout 
the carpal tunnel, it is covered by a localised thickening of fascia 
known as the flexor retinaculum or transverse carpal ligament. In 
carpal tunnel syndrome the cross-sectional area (CSAMN) of the 
MN11 should be sampled at the site where the MN is maximally 
enlarged and histopathological changes are maximal. In general, 
this occurs just cranial to the proximal boundary of the retinaculum, 
a position located slightly cranial to the pisiform. Two methods are 
used to measure the CSAMN: the indirect method, based on calcula-
tion of the nerve diameters by callipers and application of the 
ellipse formula (transverse diameter × anteroposterior diameter × 
π/4) and the direct method, based on manual tracing and auto-
mated calculation of the area.11,12 There is a high degree of correla-
tion between the methods,12,13 which are easily learned.13 Probe 
positioning can potentially affect the variability of CSA measure-
ments. The US beam should be always directed perpendicular to 
the MN, even when the nerve runs obliquely from superficial to 
deep. Optimal probe orientation can be defined dynamically by 
tilting the probe over the nerve or inducing slight changes in the 
carpal position.

Figure 54.3 Annular pulley system. A: Schematic 
drawing shows the positions of the five annular pulleys. 
The A1, A3 and A5 pulleys lie over the heads of the 
metacarpal, proximal phalanx and distal phalanx, 
whereas the A2 and A4 pulleys attach to the shaft of 
the proximal and middle phalanx respectively.  
B: Cadaveric dissection of the flexor tendons at 
the level of the proximal phalanx illustrates the two slips 
of the FDS tendon passing on each side of the FDP. 
They are firmly restrained by the A2 pulley.
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Normal anatomy

• The wrist is traversed by a series of twelve extensor and twelve 
flexor tendons, most of which are invested by synovial sheaths, 
and by three nerves, the median, ulnar and the sensory branch of 
the radial nerve.

• The MN and nine tendons from the FDS, FDP and FPL pass 
through the carpal tunnel.

• The Guyon tunnel houses the UN and the UA.
• In the fingers, both flexor and extensor tendons insert into the 

middle and the distal phalanges.
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The most frequently torn extensor tendon in the hand is EPL, 
which is also the second most commonly injured tendon in the 
upper limb. EPL tears produce loss of extension at the interphalan-
geal joint of the thumb and inability to grip with the other fingers. 
US shows a gap between tendon ends that is occupied by a continu-
ous or discontinuous hypoechoic interval due to debris or frayed 
residual fibres. The tendon ends may appear stump-like or, follow-
ing elongation trauma, tapered.14,15 Apart from spontaneous rup-
tures in patients with rheumatoid arthritis, on local or systemic 
steroids or due to sports/work-related repetitive stress, EPL rupture 
may be due to injury and wrist fractures, impingement by ortho-
paedic devices (e.g. Kirschner wire fixation, volar plating) or stab 
wounds. There is an increased risk of EPL rupture in non-displaced 
radial fractures (Fig. 54.4). The intact extensor retinaculum causes 
decreased compliance and raised compartmental pressure in the 
osteofibrous tunnel delimited by the Lister tubercle.16 A vascular 
watershed in the tendon at the Lister tubercle level may increase 
tendon vulnerability. In EPL tears that occur following volar plate 
fixation, US may show the tips of the screws perforating the dorsal 
radial cortex of the radius and causing the tendon rupture (Fig. 
54.5).17 This may be difficult to assess with magnetic resonance (MR) 
imaging due to metallic artefact. In patients with EPL rupture, the 
status of the EIP should be evaluated as it may be used as a graft. 
US can also confirm tears of tendons that cannot be easily assessed 
clinically, such as the EIP, ECRB and ECRL.

Flexor tendon injuries are less frequent than extensor tears. 
Rupture usually follows a penetrating injury or in association with 
systemic disorders or therapy with steroids or quinolones. Preop-
eratively, US is particularly helpful in locating the two ends of the 
ruptured tendon as they may be retracted considerable distances 
from the tear. Accurate localisation helps to plan the surgical 
approach (Fig. 54.6). If there is significant retraction, use of extended 
field-of-view images can improve the presentation of the US infor-
mation for the surgeon. Alternatively, the position of the tendon 
ends can be related to landmarks that are palpable (e.g. bones) or 
can be readily identified by the surgeon. Dynamic scanning may 
help to distinguish partial from complete tears when the injury has 
occurred with an elongation mechanism. In jersey finger, US con-
firms the traumatic FDP tendon avulsion from the distal phalanx 
and shows if the tendon is attached to an avulsed bone 
fragment.18

Many factors influence recovery following flexor tendon tears, 
the most important of which is the location of the injury. Flexor 
tendon injuries are divided into five zones, as follows: zone 1, distal 
to the FDS insertion; zone 2, from the A1 pulley to zone 1; zone 3: 

Figure 54.4 Extensor pollicis longus tendon tear presenting as 
weak thumb extension after distal radial fracture. A: Transverse US 
shows fragmentation (asterisk) and discontinuity (arrowheads) of the 
floor of the third compartment at the level of the Lister tubercle and 
an empty EPL tendon sheath (arrows) due to a torn and retracted 
EPL tendon. B: Correlative lateral radiograph demonstrates a 
non-displaced fracture (arrows) of the distal radius.
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Figure 54.5 Screw tip impingement of the ECRL tendon following volar plating for distal radial fracture. Transverse (A) and 
longitudinal (B) US images obtained over the second compartment at the level of the Lister tubercle show the tip of a screw (arrow) 
protruding inside the ECRL tendon. The adjacent ECRB is spared.
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from the distal edge of the flexor retinaculum to the A1 pulley; zone 
4, within the carpal tunnel; zone 5, proximal to the carpal tunnel. 
The functional outcome of zone 2 injury is poorer and the com-
plication rate, including adhesions, contracture, triggering and 
pulley failure, is greater than that associated with injury in other 
zones.19 Postoperatively, a repaired tendon usually appears more 
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that involve repetitive flexion and extension of the wrist, such as in 
rowing, weight-lifting, canoeing and rice-harvesting. It may mimic 
de Quervain disease. The limited gliding space between the radius 
and the extensor fascia of the forearm seems to play a predisposing 
role.20 US may identify fluid surrounding the radial wrist extensors 
at the crossing point and loss of definition between the two 
compartments.

The distal intersection syndrome involves the crossover of the 
ECRB and ECRL (second compartment) and the EPL tendon (third 
compartment) just distal to the Lister tubercle. It is not related to 
overuse. In most cases, the deep surfaces of the second compart-
ment tendons are impinged by bony spurs due to osteoarthritis, 
SLAC wrist (scapho-lunate advanced collapse) or Colles fracture16 
that cause distension of the ECRB–ECRL sheath. The retinaculum 
of the third compartment is likely to exert a constricting role, 
making the EPL vulnerable. US demonstrates a variable combina-
tion of tendinosis and tenosynovitis affecting the second and third 
compartments (which may communicate) and underlying bony 
spurs impinging on the tendons.

On the volar aspect of the wrist, degenerative osteoarthritis 
affecting the triscaphe (scapho-trapezio-trapezoid) joint may lead 
to FCR tendinopathy due to impingement by a ridge of osteophytes 
on the ventral aspect of the scaphoid.22 FCR tendinopathy may 
occur in isolation but is most often associated with a SLAC wrist. 

heterogeneous than normal. The tendon boundaries are often unde-
fined as a result of fibrotic changes. Intratendinous sutures may be 
seen as bright linear echoes with faint reverberation artefact. 
Dynamic scanning during finger flexion and extension is a critical 
means to assesses how the tendon glides and to rule out adhesions. 
Passive traction of peritendinous tissues during tendon movement 
is the main sign indicating adhesions between the parietal and 
visceral layers of the tendon sheath and confirms the need for 
further rehabilitation or tenolysis. Discontinuity in the tendon and 
detection of sutures floating freely in an empty sheath indicate a 
re-tear.

OVERUSE TENDINOPATHIES AND 
RETINACULA-RELATED DISORDERS

Some wrist tendons may be involved by specific overuse or degen-
erative changes. The proximal intersection syndrome, also known 
as ‘oarsman’s forearm’ or ‘crossover syndrome’, arises on the dor-
soradial aspect of the distal forearm, several centimetres proximal 
to the Lister tubercle. It results from friction between the myotendi-
nous junctions of the APL and EPB with the tendon sheath contain-
ing the ECRB and ECRL20,21 and is typically encountered in activities 

Figure 54.6 Flexor tendon tear. A: Longitudinal US image over the thenar compartment demonstrates complete rupture of the FPL 
tendon. The torn tendon appears slightly hypoechoic with loss of the fibrillar echoes. Fluid (asterisk) in the empty sheath is visible distal to 
the tendon end (arrows). B, C: Corresponding transverse US images obtained (B) over the ruptured tendon and (C) distal to the rupture.
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A1 pulley is an alternative but is ineffective in patients with type 1 
diabetes, and surgical release remains the treatment of choice in this 
subset of patients.27 US may have value guiding intrasheath steroid 
injections and assisting percutaneous release of the pulley.28,29

De Quervain disease causes pain around the radial styloid asso-
ciated with movement of the thumb. It is most common in the 
30–50-year-old age group with high prevalence in new mothers 
(baby wrist).30 The main US signs of de Quervain disease include a 
thickened retinaculum, local fusiform swelling of APL and EPB 
tendons, tenosynovial fluid distal to the retinaculum and intra- and 
peritendinous hyperaemia at Doppler imaging (Fig. 54.9A).24 
Dynamic imaging shows difficult gliding of the tendons as they 
pass under the retinaculum during thumb extension. In severe 
disease, the tendons may form a rounded complex on the short-axis 
view under a thickened and hypo-anechoic retinaculum and cannot 
be distinguished from each other. Care should be taken not to 
confuse the retinaculum (non-compressible and located at the level 
of the radial styloid) for intrasheath fluid (compressible and usually 
found distal to the radius). Surgical release may be required when 
the retinaculum is markedly thickened. Mild abnormalities may be 
treated conservatively. Occasionally a vertical septum splits the 
compartment into two subtunnels for each of the tendons.31 As de 
Quervain disease may selectively involve only the dorsal tunnel 
containing EPB (Fig. 54.9B) and the septum may form a barrier to 
drug diffusion, the clinician should be informed if this variant is 
present in order that steroids are injected into the appropriate half 
of the compartment or that both tunnels are decompressed at 
surgery.32

The main function of retinacula and annular pulleys is to stabilise 
tendons.7 Tears lead to tendon subluxation or dislocation, most 

US demonstrates a swollen and heterogeneous FCR with tenosyno-
vial fluid, longitudinal splits, thickening of the retinaculum and 
peritendinous tissues and scaphoid osteophytes encroaching on the 
FCR (Fig. 54.7). Patients complain of a painful lump and tenderness 
over the ventral radial aspect of the wrist. The role of US is to 
exclude a ganglion and redirect the diagnosis. FCU tendinopathy 
is rare, mainly occurs in the context of calcific tendinitis23 and is 
related to repetitive activities such as typing. US shows calcific 
material in a swollen and heterogeneous tendon, proximal to the 
pisiform (Fig. 54.8). In acute phases, deposits may be semiliquid.

As a result of fibrosing degeneration, retinacula and annular 
pulleys may become thickened, producing painful gliding, block-
age or triggering (a partial blockage that abruptly unblocks) of the 
underlying tendons, usually at the level of the A1 pulleys (trigger 
finger) for the flexor tendons or at the first compartment of the 
extensor tendons (de Quervain disease).24,25 Patients with trigger 
finger complain of either blockage or triggering of one or more 
fingers (the middle finger most commonly) from flexion to exten-
sion caused by stenosing tenosynovitis at the level of the A1 pulley, 
possibly extending distally between the A1 and A2 pulleys. US 
shows a thickened A1 pulley, local swelling of the flexor tendons 
distal to the pulley, distal tenosynovitis and small cysts at the pulley 
boundaries due to fluid trapping.26 In severe cases, dynamic scan-
ning during passive flexion and extension shows difficult tendon 
gliding underneath the abnormal pulley. Doppler imaging may 
depict a hypervascular pattern in the A1 pulley and surrounding 
soft tissues.25 It is unclear if thickening of the A1 pulley initiates the 
blockage and tendon inflammation or if the thickening is secondary 
to tendinopathy.26 Surgical release of the A1 pulley is the treatment 
of choice. Steroid injection into the flexor sheath at the level of the 

Figure 54.7 Flexor carpi radialis tendinopathy in a 65-year-old woman complaining of a painful palpable lump over the ventral 
radial aspect of the right wrist. The patient was referred for US examination for a suspected ventral ganglion cyst. A: Anteroposterior 
radiograph reveals scapholunate diastasis and advanced triscaphe arthritis (arrows). B: Transverse US image over the lump demonstrates 
a swollen and heterogeneous FCR tendon (arrows) stabilised over the scaphoid tubercle by a thickened retinaculum (white arrowhead).  
C: Longitudinal US image shows bony spurs (hollow arrowhead) from the ventral aspect of the scaphoid and the trapezium (tra) impinging 
on the undersurface of the abnormal tendon. The retinaculum is thickened (solid arrowheads).
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Figure 54.8 Flexor carpi ulnaris tendinopathy in a 50-year-old patient with sudden onset of pain in the right pisiform region. 
A: A radiograph reveals amorphous calcific deposits (ring) proximal and volar to the pisiform. B: US identifies a conglomerate of 
slurry echogenic calcifications (arrowheads) within and around a heterogeneous FCU tendon. C: Correlative fat-suppressed gradient-
echo T2*-weighted MR image confirms a hyperintense peritendinous mass (arrowheads) related to reactive inflammatory changes.
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Figure 54.9 de Quervain disease: spectrum of findings. A: Transverse US image obtained over the radial styloid reveals a thickened and 
hypoechoic retinaculum (arrowheads) and the swollen EPB (1) and APL (2). The two tendons form a rounded complex and cannot be 
separated from each other as they are constricted by the abnormal retinaculum. B: Transverse US image obtained over the radial styloid 
shows selective thickening of the dorsal portion of the retinaculum (hollow arrowheads) and the vertical septum (arrow) enveloping the EPB 
tendon (1), whereas the more ventral portion of the retinaculum (white arrowheads) and the APL tendon (2) retain a normal appearance. In 
this case, steroids were selectively injected into the sheath of the EPB.
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(DRUJ) changes.35 Pannus disrupts the retinaculum. The ECU tends 
to migrate to the volar surface of the ulna and behaves as a flexor 
of the wrist rather than an extensor, permitting dislocation of the 
distal ulna relative to the radius. US shows the status of the ECU 
and its position relative to the ulnar groove at rest and during 
stressing.36,37

Sagittal band rupture over the dorsal aspect of MCPJs is typically 
encountered in boxers as a result of repetitive direct trauma, but 
may occur from trivial injury. It most often involves the long finger 
and leads to ventral dislocation of the extensor tendon over the 
ulnar or, less commonly, radial slope of the metacarpal head during 
fist clenching.38 Physical examination usually establishes the diag-
nosis. Dynamic US may help to differentiate sagittal band injuries 
from partial tendon tears if the tendon position cannot be palpated 
because of soft tissue swelling or clinical findings are atypical.38 
Dislocation of the extensor tendon is easily visualised during finger 

commonly at the sixth extensor compartment for the ECU, over the 
dorsal aspect of the metacarpal heads for the extensors (boxer’s 
knuckle) and on the ventral aspect of the fingers for the flexors 
(climber’s finger). Depending on the site and applied biomechanical 
forces, tendon instability may occur during specific joint move-
ments and muscle contraction (transient) or even at rest (perma-
nent). In intermittent instability, dynamic US demonstrates the 
tendon dislocating and relocating relative to its groove.

ECU instability typically occurs in professional tennis players. 
Repeated sudden pronation movements from a supinated position 
strip the ventral attachment of the retinaculum from the ulnar head 
causing volar tendon subluxation or dislocation.33 The patient 
usually complains of a painful ‘snap’ over the ulnodorsal aspect of 
the wrist, particularly on forearm rotation.34 ECU instability is often 
observed in patients with longstanding rheumatoid arthritis, 
causing hypertrophic ECU tenosynovitis and distal radioulnar joint 

Figure 54.10 Annular pulleys and climber’s finger. Longitudinal (A) and transverse (B) US images over the left long finger of an elite 
rock-climber show the normal A2 pulley as a thin hypoechoic band (arrowheads) restraining the flexor tendons against the shaft of the 
proximal phalanx. Longitudinal (C) and transverse (D) US images over the injured right long finger of the same patient demonstrate 
bowstringing and volar displacement of the flexor tendons secondary to A2 pulley rupture with an increased tendon-to-bone distance 
(double arrow) over the proximal phalanx and an effusion (asterisks) between tendons and bone.
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flexion by placing the probe in the transverse plane over the meta-
carpal head. Treatment is by splinting in full extension or direct 
repair of the torn sagittal band and relocation of the central tendon.

Annular pulley tears are typically encountered in extreme rock-
climbers who use fingers-holds, often consisting of one or two 
fingers only, to hang their body weight.39 This creates tremendous 
overload on the pulley system during proximal interphalangeal 
joint (PIPJ) flexion, leading to various combinations of A2, A3 and 
A4 pulley tears. US may be particularly helpful to confirm isolated 
A2 or A4 pulley tears that may not be easily recognised at physical 
examination. Dynamic US examination along the long axis of the 
finger during resisted flexion shows that instead of coursing along 
the concavity of the phalanx in contact with the bone, the tendon 
lies at a variable distance from the bone (Fig. 54.10).7,39–41 The site of 
maximal volar bowstringing usually corresponds to the position of 
the torn pulley.

LIGAMENT AND FIBROCARTILAGE 
DISORDERS

Injuries to the extrinsic (i.e. radiocarpal and ulnocarpal) and intrin-
sic (i.e. intercarpal) wrist ligaments can lead to chronic wrist pain 
and carpal instability.42,43 US identifies the dorsal bands of the 
scapholunate (SLL) and lunotriquetral (LTL) ligaments in 97% and 
61% of cases. Their palmar bands are visible in 93% and 40% of 
cases respectively when the transducer is placed over the ventral 
wrist.42 On the palmar side of the wrist, the radioscaphocapitate, 
radiolunotriquetral, ulnotriquetral and scaphotriquetral ligaments 
can also be visualised.42,44

The dorsal band of the SLL can be considered torn if its fibres are 
not visualised and instability of the scapholunate articulation is 
observed while scanning during ulnar and radial deviation of the 
wrist. Irregularity of the ligamentous fibres indicates a partial tear 
or fraying.45,46 An increase in joint width and abnormal mobility of 
the scaphoid and lunate during ulnar deviation of the wrist suggest 
a complete tear and indicate that further imaging is required to 
confirm the diagnosis (Fig. 54.11).8,44,47,48 Using tricompartmental 
wrist arthrography as the reference standard, US results seem more 
promising for the SLL (100% sensitivity; 92% specificity) than for 
the LTL (25–50% sensitivity; 100% specificity).46

The triangular fibrocartilage complex can be evaluated by 
coronal scans using the ECU tendon as an acoustic window. Detec-
tion of an intrasubstance hypoechoic cleft or defect is the most 
reliable signs of TFC disc tear on US (86% sensitivity and 100% 
specificity).46 A thinned fibrocartilage may also be associated with 
a tear. However, part of the TFC cannot be evaluated as it is 
obscured by the ulnar styloid. In the authors’ opinion, US seems 
inadequate to distinguish traumatic from degenerative lesions.

Tears of the ulnar collateral ligament (UCL) of the MCPJ of the 
thumb (gamekeeper’s thumb or ‘skier’s thumb’) are reliably 
assessed by US.49 The UCL is an important stabiliser of the first 
MCPJ and limits valgus opening during forceful grasp. It lies deep 
to the aponeurosis of the adductor pollicis (AddPA). Tear patterns 
include avulsion of the distal ligament insertion with avulsion of a 
bone fragment from the base of the proximal phalanx; an intrasub-
stance tear when the ligament ends remain deep to the AddPA; and 
a displaced tear with proximal migration of the ligament superficial 
to the cranial edge of the aponeurosis, the Stener lesion. Distin-
guishing a displaced from a non-displaced tear is important as 
displacement of the proximal end of the ruptured UCL over the 
AddPA aponeurosis prevents healing. Surgical repair is needed to 
avoid permanent instability and early osteoarthritis.50–52 In undis-
placed tears, the UCL appears swollen (partial tear) or discontinu-
ous (complete tears) and the AddPA can be appreciated as a thin 
gliding band overlying the abnormal ligament during flexion and 
extension of the interphalangeal joint (Fig. 54.12A). In the Stener 
lesion the ruptured ligament appears as a rounded hypoechoic 
nodule retracted over the metacarpal neck. During flexion and 

Figure 54.11 Scapholunate ligament. A: Transverse US image 
over the dorsal aspect of the wrist shows the normal dorsal 
component of the scapholunate ligament (arrows) which appears as 
an echogenic fibrillar band. B, C: Scapholunate dissociation. 
Transverse US images over the dorsal aspect of the scapholunate 
joint obtained B with ulnar (diverging arrows) and C radial deviation 
(converging arrows) of the wrist demonstrate non-visualisation of 
the ligament and widening of the scapholunate distance (distance 
between the vertical bars) in ulnar deviation. This can be considered 
an indirect sign of ligament tear.
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WRIST NEUROPATHIES

US is a well-recognised diagnostic modality to evaluate the MN, 
the UN, the RN and their divisional branches as they cross the wrist 
and hand.2,9,10

Carpal tunnel syndrome (CTS) is the most common entrapment 
neuropathy of the upper limb. The main US signs include: an 
increased CSAMN at the proximal tunnel or, more commonly, at the 
proximal edge of the flexor retinaculum and flattening of the nerve 
within the distal tunnel (Figs 54.13 and 54.14).53,54 Occasionally the 
US changes are inverted and the swollen segment of MN is located 
distally, just beyond the distal edge of the retinaculum. In severe 
cases and longstanding disease, Doppler imaging depicts intraneu-
ral hyperaemia55 and increased palmar bowing of the retinaculum.53 
Dynamic scanning may reveal restricted motion of the compressed 
nerve beneath the retinaculum during flexion and extension of the 
fingers. Measurement of the maximum CSAMN is the most reliable 
parameter to diagnose nerve compression but there is no consensus 

Figure 54.12 Gamekeeper’s thumb and Stener lesion. A: Non-displaced ligament tear. Coronal US image obtained over the ulnar 
aspect of the MCPJ of the thumb shows an abnormally thickened ligament (asterisk) lying deeply to the adductor aponeurosis 
(arrowheads). B: Stener lesion. Coronal US image over the ulnar aspect of the first MCPJ reveals a swollen and retracted ulnar collateral 
ligament presenting as a hypoechoic pseudomass (asterisk) located proximally and in a more superficial position relative to the AddPA 
(arrowheads). ProxPh, proximal phalanx; MHead, metacarpal head.
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Figure 54.13 Carpal tunnel syndrome. Longitudinal US image 
over the carpal tunnel shows the MN as it passes underneath the 
proximal edge of the retinaculum (arrowheads). The MN appears 
flattened in the carpal tunnel and swollen proximal to it. Note 
synovial sheath distension of the underlying flexor tendons 
(asterisks).
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Tendon tears, retinacula-related and ligament disorders

• In tendon tears, dynamic scanning may help to distinguish partial 
from complete tears. US accurately measures the gap length and 
assesses the position of the retracted proximal tendon end in 
complete tears.

• In de Quervain and trigger finger diseases, thickened retinacula 
and annular pulleys may lead to painful gliding, blockage or 
triggering of the underlying tendons.

• Traumatic rupture of retinacula and annular pulleys cause tendon 
subluxation or dislocation.

• Dynamic US helps to evaluate scapholunate ligament tears.
• In the gamekeeper’s/skier’s thumb, US distinguishes between 

undisplaced ulnar collateral ligament tears and Stener lesions.

extension of the distal phalanx, the AddPA is seen as a  
straight echogenic line clashing against this nodule (Fig. 54.12B). 
This figure recalls the ‘yo-yo sign’ visible at MR imaging and 
increases diagnostic confidence in distinguishing displaced from 
undisplaced tears.

Collateral ligament injuries of the finger joints are common in 
sportsmen, especially in ball-handing sports, such as volleyball and 
basketball. Most occur at the PIPJ level and can be readily assessed 
with US. Joint synovitis secondary to phalanx dislocation, avulsion 
of small flecks of bone at the ligament insertion sites and palmar 
plate injuries are often associated with these lesions.6

In the fingers, hyperextension trauma or longitudinal compres-
sion may cause PIPJ instability in the sagittal plane leading to 
palmar plate tear without or with collateral ligament injury. These 
tears occur when the base of the middle phalanx is driven against 
the head of the proximal phalanx. The impact of the force is 
absorbed by the volar capsule, resulting in simple avulsion of the 
palmar plate, avulsion of the palmar plate plus a chip of bone from 
the base of the middle phalanx that can be diagnosed on radio-
graphs or a tear at the attachment of the accessory collateral liga-
ment to the palmar plate. In the absence of a fracture, US shows 
avulsion and proximal migration of the palmar plate over the neck 
of the proximal phalanx leading to a decreased distance between 
the flexor tendons and the head of the phalanx.
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At the ventral ulnar aspect of the wrist, the UN can be trapped 
in the Guyon tunnel (zone I). Distally, its divisional branches can 
be selectively damaged as they pass alongside (motor branch – zone 
II) or over the tip (sensory branches – zone III) of the hamate hook. 
Ganglion cysts arising from the hamate-triquetrum or the piso- 
triquetrum joints are the most frequent cause of Guyon tunnel 
syndrome10 and compress the main nerve trunk against the pisi-
form or its motor branch against the hamate hook (Fig. 54.15). 
Pseudoaneurysms of the ulnar artery and anomalous muscles (e.g. 
accessory abductor digiti minimi) are rare causes of nerve entrap-
ment in this area.

Over the radial aspect of the wrist, the sensory branch of the RN 
can be damaged (Wartenberg syndrome) as a result of penetrating 
trauma, a tight watch-strap or iatrogenically (e.g. due to cephalic 
vein cannulation or retinaculum release in de Quervain disease). 
The patient presents with pain and sensory loss over the dorsora-
dial aspect of the hand and dorsal thumb (cheiralgia paraesthetica). 
US can detect scar encasement of the nerve secondary to previous 
surgery or a stump neuroma involving the main nerve trunk or one 
of its distal branches as a result of penetrating trauma.

US is accurate and reliable in assessing penetrating and closed 
injuries of nerves in the wrist and hand. In complete nerve tears, 
assessing the exact location of the nerve ends and measuring the 
length of the gap on longitudinal scans is crucial preoperatively. US 

on the most appropriate threshold for establishing the diagnosis, 
and cut-off values ranging from 9 mm2 to 12 mm2 have been pro-
posed.56 Factors including gender, weight, body mass index and 
race are responsible for the lack of consensus.57 Comparison between 
CSAMN measurements obtained at the carpal tunnel and the prona-
tor quadratus58 or mid-forearm59 have been proposed to eliminate 
intersubject and internerve variability.

Although US measures a different parameter (nerve swelling) 
from the nerve conduction velocities measured at electrodiagnostic 
study, a positive correlation has been found between the CSAMN 
and the severity of electromyographic findings.56 In the diagnostic 
work-up of suspected CTS, US has been suggested as the initial 
diagnostic test. If US yields positive results, CTS is confirmed. If the 
results are negative, the patient could be referred for an electrodi-
agnostic study.60 Besides assessing the area of the MN, US can 
demonstrate extrinsic causes of nerve entrapment, including teno-
synovitis of flexor tendons, ganglion cysts, soft tissue tumours, 
anomalous muscles and displaced bone.9 If symptoms persist or 
recur after carpal tunnel release, US may show residual nerve 
entrapment due to fibrous scarring or incomplete sectioning of the 
retinaculum or demonstrate palmar cutaneous branch injury.61,62 
After decompression, MN swelling may be reversed. The higher the 
CSAMN reduction on postoperative US, the better the clinical 
outcome.63

Figure 54.14 Carpal tunnel syndrome. Transverse US images obtained (A) at the distal radius and (B) at the distal tunnel level. 
In A, the MN (arrows) is markedly enlarged and its individual fascicles are less clearly defined. In B, marked narrowing of the MN (arrows) 
is observed deep to the thickened flexor retinaculum (arrowheads).
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Figure 54.15 Guyon tunnel syndrome. 
A: Transverse US image over the hook of the 
hamate reveals an hourglass-shaped ganglion 
(asterisks) compressing the motor branch (white 
arrow) of the UN. The superficial sensory branch 
(hollow arrow) and the ulnar artery (arrowhead) are 
spared. B: Operative view obtained before resection 
shows the close relationship of the cyst (asterisk) 
with the branches (arrows) of the UN.
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slow-growing mass which arises from the synovium of tendon 
sheaths and can cause bone erosions.67 US demonstrates a solid 
well-delineated hypoechoic mass adjacent to a flexor tendon, often 
encircling the tendon and adjacent phalanx67,68 (Fig. 54.17). The 
mass does not move with the tendon as it arises from the parietal 
sheath and not from the tendon. Although highly suggestive, the 
US appearances do not allow a conclusive diagnosis. MR imaging 
confirms the diagnosis by showing susceptibility artefact on T2*-
weighted images.67

Other soft tissue masses in the wrist and hand include neurogenic 
tumours, lipomas, pseudoaneurysms, accessory muscles and 
glomus tumour.69 Schwannomas and neurofibromas are solid 
hypoechoic masses in continuity with the nerve of origin at their 
proximal and distal poles.

Hand lipomas are indolent lobulated masses with ill-defined 
margins. They typically develop over the palmar aspect of the hand 
and the thenar eminence, extending with elongated processes 
between muscles and tendons. US can characterise these lesions 
based on their echotexture and compressibility but it may be diffi-
cult to assess the full extent of large, deep-seated lesions.

In aneurysms and pseudoaneurysms, Doppler imaging shows 
the afferent artery and whirling blood flow within a pulsatile mass. 
Accessory muscles may present as painless lumps mimicking soft 
tissue tumours (e.g. extensor digitorum brevis manus) or disturb 

Figure 54.16 Wrist ganglia. A: Dorsal wrist ganglion. Transverse 
US image over the scapholunate ligament (arrowheads) 
demonstrates an irregularly shaped fluid-filled anechoic mass 
developing inside the dorsal capsular layers (1) and partially 
extruding into the superficial soft tissues (2). The dashed line 
indicates the assumed level of the outer capsular boundaries 
crossed by the cyst. B: Ventral wrist ganglion. Longitudinal colour 
Doppler US image obtained over a palpable lump reveals an 
elongated anechoic cyst (asterisk) alongside the radial artery 
(arrow).
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Wrist neuropathies

• In carpal tunnel syndrome the cross-sectional area of the median 
nerve is increased at the proximal edge of the retinaculum and 
the nerve is flattened within the distal tunnel.

• Accessory signs of median neuropathy include palmar bowing of 
the retinaculum, decreased mobility of the median nerve during 
passive flexion and extension of the index and long fingers and 
hyperaemia of the nerve.

• In carpal tunnel syndrome, there is no consensus on what is an 
abnormal cross-sectional area measurement of the median nerve: 
proposed values range from 9 mm2 to 12 mm2.

• Comparison between the cross-sectional area of the median 
nerve obtained at the carpal tunnel and more proximally may be 
an alternative.

• US accurately identifies compressive and traumatic neuropathies 
of the ulnar and radial nerves in the wrist and hand.

is more accurate than MR in the acute setting because oedema and 
haemorrhage lead to high signal intensity on T2-weighted images 
that may be similar to the hyperintense signal of the nerve ends. As 
any traumatic neuroma should be excised when the nerve is 
repaired, the measurement should be taken by adding the neuroma 
length to the actual gap length (starting measurement at the base 
of neuroma, where the normal CSA and fascicular echotexture of 
the nerve bundle are preserved). In partial nerve tears, meticulous 
US assessment establishes the percentage of CSA with injured fas-
cicles and shows that usually superficial fascicles are interrupted 
whereas deep ones appear normal. In other cases, a fusiform hyp-
oechoic swelling develops in the absence of nerve discontinuity. 
Penetrating injuries of the MN often involve contiguous structures, 
such as the FCR and the palmaris longus. UN tears often coexist 
with FCU and UA injuries. In the hammer syndrome, repeated 
microtrauma over the ventral ulnar aspect of the wrist may  
cause damage to the divisional branches of the UN around the 
hamate hook.

SPACE-OCCUPYING LESIONS

The most common masses of the wrist and hand are ganglion cysts. 
They are well-defined cystic masses and contain jelly-like viscous 
fluid and an epithelial lining.64 US demonstrates ganglia as anechoic 
cystic masses of variable size and shape, usually located near a joint. 
They have posterior acoustic enhancement and may exhibit fine 
septa, a lobulated appearance and a thin and tortuous stalk con-
necting the cyst with the joint capsule. At the wrist, 70% of ganglia 
are dorsal and 30% volar.2 Most dorsal wrist ganglia originate from 
the level of the joint capsule, just superficial to the SLL (Fig. 54.16A). 
The capsule here is not reinforced by the dorsal radiocarpal liga-
ment and seems to be vulnerable to shear stresses during forced 
dorsal and palmar flexion of the wrist.65 Small ganglia may be occult 
at physical examination. Dorsal ganglia tend to expand between the 
II and IV compartments of the extensor tendons.65 Ventral ganglia 
are usually located on the radial aspect of the wrist (Fig. 54.16B), 
arise from the triscaphe joint and typically expand between the FCR 
and the radial artery. If large, they may displace the artery. In the 
fingers, ganglia usually present as small stiff cysts located palmar 
to the proximal phalanx, in close relationship with the A1 pulley. 
Rarely, ganglia originate from a tendon sheath or expand within 
the tendon substance. Dynamic US shows that an intratendinous 
ganglion moves with excursion of the tendon. US can guide cyst 
aspiration and injection of steroids.66

Giant cell tumour of tendon sheath (GCTTS), also referred 
to as ‘localised pigmented villonodular synovitis’, is a solid 
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nerve function if located in proximity to or within osteofibrous 
tunnels (e.g. accessory abductor digiti minimi, reversed palmaris, 
anomalous FDS of the index finger). The US diagnosis relies on 
recognition of their typical location, echotexture and contraction 
pattern.70,71 The glomus tumour takes its origin from the neuromy-
oarterial glomus beneath the nail or over the palmar aspect of the 
fingertip. US reveals a small solid hypoechoic mass beneath the nail, 
pressure erosion of the distal phalanx and a hypervascular pattern 
at Doppler imaging.72

Note: Figures 54.13–54.15 were obtained with a 12.5 MHz 
transducer. All other images were obtained with a 17.5 MHz 
transducer.
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INTRODUCTION AND  
TRANSDUCER CHOICE

When assessing the pelvic region for musculoskeletal abnormality 
the examination should commence with the highest frequency 
transducer available (>12 MHz) followed by lower frequencies if 
image quality dictates.

Ultrasound evaluation of musculoskeletal disease in the adult 
pelvis has limitations, but the technique plays an important role in 
diagnosis, intervention and dynamic evaluation of the region. This 
chapter reviews the role of ultrasound in musculoskeletal hip and 
pelvis disease for diagnosis and intervention.

HIP JOINT EFFUSION

The presence of an effusion can be difficult to define. Causes are 
varied and the ultrasound appearances frequently non-specific 
(Table 55.1).1–3

Ultrasound evaluation for hip joint effusion is made using an 
anterior approach parallel to the longitudinal axis of the femoral 
neck (Fig. 55.1). At the junction of the femoral neck and head the 
normal capsular margin should follow this bony contour. Effusion 
or other intra-articular pathology produces outward capsular 
displacement.

Capsular measurements and comparison with the opposite hip 
have previously been proposed for detection of capsular abnormal-
ity and effusion.2,3 Measurements include capsular thickening or 
displacement in excess of 5–10 mm or asymmetry of >2 mm 
between the two hips. In practice normal variation is quite marked 
and a thickened capsule can normally be present as part of ageing, 
degenerative disease, post surgery or in previously treated synovi-
tis (Figs 55.2 and 55.3). Direct visualisation of anterior fluid is the 
most specific feature for effusion but its absence does not exclude 
effusion as fluid can settle in the posterior recess of the joint, escap-
ing detection.1

Purely hypoechoic fluid suggests simple fluid. Complex fluid 
with internal echoes suggests active inflammation or infection (Fig. 
55.2B). These features should be used to support any underlying 
clinical diagnosis as ultimately normal or markedly abnormal ultra-
sound features are not disease specific (Table 55.1).

Ultrasound-guided aspiration and  
injection of the hip

Ultrasound provides an excellent guide for needle placement for 
aspiration or injection of the hip joint. Techniques include ‘blind’ 
or direct visualisation (see below). Common to all techniques is 
marking of an appropriate skin entry point, chosen while scanning, 
followed by aseptic skin preparation. Local anaesthetic is injected 
at the skin site followed by introduction of the aspiration needle. 
For aspiration this ideally should be at least 18-gauge in size and 
over 5 cm long; however, choice will vary with patient body 
habitus. If an effusion is present but is too thick to aspirate, sterile 
normal saline should be injected through the needle and then re-
aspirated. An aseptic technique is essential to avoid sample con-
tamination and reduce the risk of iatrogenic infection. The risk of 
infection should be explained when consent is sought, although in 
reality the incidence of iatrogenic infection is extremely low 
(<1/1000).2

‘Blind’ aspiration or injection
In this method ultrasound is used to visualise the long axis of the 
femoral neck and the margins of the probe footprint are be marked. 
The probe is removed and the centre of the footprint marked. After 
skin preparation the aspiration needle is introduced vertically 

Philip Robinson



CHAPTER 55 • Musculoskeletal ultrasound of the adult hip and groin

1070

through the footprint centre, advanced until bone is reached and 
aspiration performed. This technique is particularly useful in 
patients who are agitated or have a large body habitus because once 
the area is marked needle advancement is rapid with no need to 
coordinate probe movement.

Direct needle visualisation
Direct needle visualisation requires a needle skin entry site at the 
margin of the probe and is performed in either the transverse or 
longitudinal plane of the femoral neck, although the transverse 
position is easier to perform (Fig. 55.4). After skin preparation the 
aspiration needle can be advanced under direct guidance into the 
joint and effusion aspirated.

This technique is also preferred for hip injection as it allows 
confirmation of needle and injectate position. Diagnostic procedures 

Figure 55.1 A: Longitudinal extended field-of-view (eFOV) sonogram shows femoral head (F), acetabulum (A), rectus femoris (RF) 
and triangular labrum (small arrow). At the anterior joint margin is the capsule (arrowheads) merging with overlying iliopsoas tendon (large 
arrow). B: Transverse eFOV sonogram shows right femoral head (F), sartorius (S), femoral vessels (FV), rectus femoris (RF) and iliopsoas 
muscle (IP). Iliopsoas tendon (arrow) adjacent to labrum and anterior capsule (arrowhead).

A B

Summary of main uses

• Hip effusion and aspiration.
• Hernia detection and classification.
• Muscle and tendon abnormality.
• Guided therapeutic injection.

Table 55.1 Causes of adult hip joint effusion and capsular thickening

Cause Primary Secondary

Infection Post surgery/arthroplasty, e.g. Staphylococcus, TB Intravenous drug abuse (from psoas 
and abdomen)

Inflammatory arthritides Seropositive
Seronegative

Treatment complications (avascular 
necrosis, infection)

Intra-articular trauma Femoral neck fracture
Osteochondral fracture

Avascular necrosis

Degenerative disease Primary disease Secondary to articular debris, 
inflammatory arthritis and osteonecrosis

Post surgery/arthroplasty Infection (acute/chronic)
Aseptic loosening

Wear debris (granulomatous disease, 
metal wear)

Intra-articular neoplasm Bone – osteoid osteoma, giant cell tumour
Soft tissue – pigmented villonodular
synovitis, synovial osteochondromatosis

include intra-articular local anaesthetic to confirm joint-based 
symptoms and contrast for magnetic resonance (MR arthrography). 
Therapeutic procedures include corticosteroid injection for 
arthritides. When the needle is in the joint there should be little 
resistance to injection. The injectate flows away from and does not 
collect around the needle tip (Fig. 55.4). Local pooling indicates an 
extra-articular position.

TRAUMA – FEMORAL NECK FRACTURE

MR imaging is the technique of choice for definition of radiographi-
cally occult fracture. Ultrasound may show an intra-articular  
haematoma but is insensitive and non-specific.

LABRAL ABNORMALITIES AND 
FEMOROACETABULAR IMPINGEMENT

The labrum is a rim of fibrocartilage around the acetabulum that 
plays an important role in stabilising the hip joint by increasing the 
functional articular surface area of the acetabulum (Fig. 55.1). 
Labrum degeneration and deformity can result in pain and limita-
tion of movement, particularly on flexion and internal rotation. The 
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anterior and superior labrum may develop a linear tear from acute 
injury or more commonly from femoro-acetabular impingement 
(FAI)4 due to a primary acetabular deformity (‘pincer’) (Fig. 55.5) 
or more commonly prominence of the femoral head and proximal 
neck (‘cam’).4 Associated femoral head and acetabular cartilage 
damage are frequent and a paralabral cyst can also form (Fig. 
55.5B). Treatment is surgical with osteotomy of the femoral promi-
nence, labral repair/trimming and chondroplasty.

MR arthrography is the examination of choice for FAI, although 
there are recognised limitations in the assessment of cartilage.4 
Ultrasound can only assess the anterior and superior labrum (where 
most pathology occurs) but is insensitive for undisplaced tears or 
articular cartilage damage. Ultrasound can show labral thickening, 
an associated cyst or alternative diagnoses such as iliopsoas tendon 
abnormalities or hernias.5,6

Figure 55.2 Longitudinal eFOV sonograms show (A) irregular 
degenerate femoral head (F), acetabulum (A), capsular bulging 
(arrowheads) with asymptomatic solid capsular thickening (*) and 
(B) capsular bulging (arrowheads), fluid (*) with complex echoes 
(arrows) adjacent to the femoral head consistent with gas shown to 
be septic arthritis.

A

B

Figure 55.3 Longitudinal sonogram shows resurfacing 
femoral hip prosthesis (arrows) with effusion (asterisk) shown to 
be sterile and presumed reactive.

Figure 55.4 Direct guidance needle placement for hip 
injection or aspiration (see text). Transverse sonogram shows 
22-gauge needle (arrows) and air (arrowheads) in injectate flowing 
away from the needle tip over femoral head (F).

HIP ARTHROPLASTY AND 
INSTRUMENTATION

Complications of hip arthroplasty are well recognised and are not 
uncommon because of the large volume of procedures performed.

Normally after any articular procedure the hip capsule appears 
thickened on ultrasound due to scar tissue and haemorrhage at 
operation. The metal prosthesis has a very echogenic margin and 
causes varying degrees of reverberation artefact.3 Complications 
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Overuse (training errors), injury elsewhere in the kinetic chain, 
adjacent pathology (e.g. joint degeneration) or increasing age can 
alter a tendon’s matrix, collagen composition and consequently its 
susceptibility to injury.

Ultrasound evaluation and findings for muscle and tendon 
disease are discussed in Chapter 60, and the same principles apply 
when investigating the pelvic region. Full muscle and tendon visu-
alisation can be difficult due to tendon obliquity and increased soft 
tissue bulk in the pelvis when compared to the shoulder, knee and 
ankle regions. Careful technique is essential to eliminate anisotropy 
as a cause of hypoechoic change both from obliquity (e.g. iliopsoas) 
or crossing of multiple fibrils (e.g. adductor, hamstring and gluteal 
tendons).

In the pelvis the main tendons that present symptomatically are 
those of the proximal hamstring, adductor longus, gluteal, tensor 
fascia lata and iliopsoas muscles. Areas of mechanical friction are 

include infection (acute or chronic), aseptic implant loosening and 
granulomatous disease (wear disease secondary to debris) (Fig. 
55.3).7 All can produce effusion and other non-specific imaging 
features. Large periarticular effusions and masses with resurfacing 
femoral head arthroplasties may be secondary to a localised, non 
infectious, immune response.7

Ultrasound plays an important role in detecting and aspirating 
joint effusions, hypoechoic periarticular collections and oedema 
associated with metalwork infection which are not seen on radiog-
raphy or obscured by artefact on MR imaging (Fig. 55.6).3 Ultra-
sound detects associated diagnoses such as gluteal muscle tears or 
snapping tendons (see below).

PELVIC MUSCLE AND TENDON INJURY

Acute pelvic muscle injuries and overuse injuries (athletic or degen-
erative) resulting in tendinopathy are common8,9 but catastrophic 
tears of normal tendons are rare.

During activity tendons and not muscles go through the greatest 
range of movement shortening and lengthening to transmit and 
absorb associated forces. The muscle–tendon–bone unit is weakest 
at the myotendinous junction in normal skeletally mature patients 
while the bone (apophysis) is weakest in skeletally immature 
patients. In older patients a chronically degenerate tendon can 
rupture with relatively minor trauma. Injuries occurring in unusual 
sites for a patient’s age should be treated with suspicion; for 
example, a tendon tear in a young patient may indicate steroid 
abuse or bone avulsion in an elderly patient may indicate a patho-
logical fracture.

Figure 55.5 Labral tears. A: Dysplastic labral tear. Longitudinal sonogram shows markedly enlarged labrum (arrowheads), dystrophic 
calcification (arrows) and fissuring (*). A, acetabulum; F, femur. B: Transverse sonogram shows torn deformed labrum (*) and paralabral 
cyst (arrowheads).

A B

Figure 55.6 Right hip pain thought to be due to aseptic metal 
loosening. Longitudinal sonogram shows loosened screw (1), femur 
(F) and surrounding complex oedematous tissues (arrowheads) 
confirmed as infected at surgery.

Muscle and tendon

• Grading of acute muscle and tendon injury.
• Evaluation of healing and complications of muscle injury.
• Diagnosis of tendon snapping.
• Guided injection of symptomatic tendons, especially iliopsoas, 

hamstrings, gluteals and adductors.
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important for the development of chronic damage and tendon 
snapping occurring at the iliopectineal eminence (iliopsoas tendon), 
greater trochanter (gluteal tendons and TFL) or from overlap of 
adjacent tendons (gluteal and proximal hamstring tendons).5,10–13 
Adductor longus tendinopathy is common but can be asympto-
matic while tenoperiosteal disease seems to be a more important 
source of chronic groin pain (see later).

Although MR imaging may give a larger and more consistent 
field of view of the pelvic musculoskeletal soft tissues, ultra  -
sound is still excellent for focused and dynamic examination of 
muscle, tendon and adjacent bone abnormality, and for targeted 
intervention.3

Anterior thigh

Iliopsoas
This compound muscle has a primary function of hip flexion and 
lateral rotation. It originates from the spine and pelvis. Its distal 
tendon attaches to the lesser trochanter of the femur.5,11 The tendon 
can be difficult to visualise in the last few centimetres but anterior 
to the iliopectineal eminence and hip joint it is well seen (Fig. 55.1) 
and can be assessed for tendinopathy, bursitis, snapping and any 
adjacent hip or iliopectineal abnormality (Figs 55.7–55.9).5,13,14 
Primary tendon or paratenon abnormality arises from overuse inju-
ries, especially in runners. Secondary involvement can be due to 
adjacent hip disease or bony irregularity (osteophytes, prosthesis/
cement or fracture) (Fig. 55.8).15 Iliopsoas tendinopathy or bursitis 
can be difficult to diagnose clinically and should always be consid-
ered as part of the ultrasound investigation of hip or groin pain.

Ultrasound evaluation is made in the transverse plane at the level 
of the iliopectineal eminence and hip joint.5,13 Tendinopathy appears 
hypoechoic with thickening and loss of the normal fibrillar pattern. 
Adjacent bony abnormality (spur, osteophyte or prominent acetab-
ular prosthesis) may be present. Tendon sheath fluid is seen often 
with a normal tendon. The iliopsoas tendon and hip joint frequently 
communicate and joint pathology may be the cause of fluid in the 
tendon sheath fluid rather than a primary tenosynovitis (Fig. 55.7).

Clinically iliopsoas snapping is felt as a sudden flick that can be 
reproduced on hip flexion and extension. This may be due to intrin-
sic tendinopathy but is more commonly secondary to paratenon 
oedema from overuse at the level of the iliopectineal eminence. 
Ultrasound visualisation is best in the transverse plane at the ilio-
pectineal imminence where the tendon lies just medial to the ante-
rior inferior iliac spine (Fig. 55.9). The tendon may appear normal 
but there is usually some hypoechoic oedema which can be quite 
subtle. Snapping is confirmed on dynamic hip flexion. The normal 
smooth translation of the tendon from lateral to medial is replaced 
by juddering and sudden displacement correlating with symp-
toms.13 Ultrasound-guided injection of steroid and anaesthetic is an 
effective treatment to reduce inflammation and allow rehabilita-
tion.5,14 The injection is performed under direct guidance using a 
transverse approach. The needle is introduced from the lateral 
aspect to avoid the femoral vessels (Fig. 55.9B).

Quadriceps and sartorius
Rectus femoris is the most frequently injured quadriceps muscle as 
it has a dual head proximally and spans two joints, increasing its 
susceptibility to eccentric injury. Proximally its two tendons origi-
nate from the anterior inferior iliac spine (long head) and acetabu-
lum (short or reflected head) adjacent to the hip capsular margin. 
Proximal tendon disease is rare but acute apophyseal avulsions 
occur at the anterior inferior iliac spine in skeletally immature 
patients usually during kicking or tackling. This mechanism also 
commonly affects the sartorius origin from the superior iliac spine. 
A large bone fragment can be confirmed on plain film but avulsions 
frequently involve the superficial fibrocartilage with only a small 

Figure 55.7 Transverse sonogram shows femoral head (F) 
with no effusion, iliopsoas tendinopathy (arrowheads) and complex 
bursitis (*).

Figure 55.8 Longitudinal sonogram shows iliopsoas 
tendinopathy (arrows) impinging on osteophyte (arrowheads) 
arising from acetabulum (A).

flake of bone. Ultrasound shows the intact tendon, and associated 
bone and cartilage fragment and the extent of displacement which 
determines if surgical reattachment is necessary (Fig. 55.10).

In skeletally mature athletes proximal myotendinous injuries 
occur at the merger of the two heads of rectus femoris just distal to 
the level of the hip joint. This injury is not as common as distal 
myotendinous injuries but occurs particularly in kicking athletes 
when the leg is drawn back, with hip extension and knee flexion 
producing significant eccentric loading at this point. The quadri-
ceps muscles are also common sites for scarring and myositis  
ossificans because of frequent athletic injury and contusion.
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Direct shearing injury of the tensor fascia lata at its junction with 
the overlying subcutaneous fat and fascia results in haematoma 
between the fascia and the fat with resulting fat necrosis. This can 
occur in contact sport athletes and in elderly patients after a simple 
fall. The underlying TFL appears normal. This is easier to appreci-
ate on ultrasound as the complex hypoechoic fluid and oedema 
overlying the fascia can obscure this detail on MR imaging. Particu-
larly in elderly patients the haematoma may persist and become 
walled off and present as a persisting soft tissue mass known as 
Morel–Lavallée lesion (see Chapter 58).

Hamstrings
Overuse tendinopathy and paratenon inflammation of the proximal 
hamstring tendons is seen in athletes, particularly footballers and 
distance runners, and can result in debilitating symptoms. Ana-
tomically the area is complex as the tendons overlap as they origi-
nate from the ischial tuberosity. Although commonly described as 

Posterior and lateral thigh

Tensor fascia lata (TFL)
The TFL originates from the iliac crest with a broad short tendon 
extending to the muscle, which then forms the iliotibial band that 
extends distally to the tibia. The main function of the fascia and 
muscle is to stabilise the knee in flexion and extension. The tendon 
occasionally undergoes a proximal partial tear or tendinopathy at 
the iliac crest and may cause groin pain. At ultrasound the proximal 
tendon appears swollen, hypoechoic and loses its normal fibrillar 
pattern (Fig. 55.11).10

Slightly more distally impingement of the iliotibial band over the 
greater trochanter and adjacent gluteal tendons can result in tendi-
nopathy and snapping. At ultrasound the tendon appears hypoe-
choic with adjacent bony irregularity and abnormal movement on 
hip flexion.13

Figure 55.9 Snapping iliopsoas tendon and injection. Transverse sonograms show (A) iliopectineal eminence (*), iliopsoas tendon 
(arrow) and oedema (arrowheads), (B) injection needle (arrowheads) placed in oedematous sheath deep to tendon (arrow). F, 
femoral head.

A B

Figure 55.10 Longitudinal sonogram shows acute sartorius 
avulsion with intact cartilage (*), avulsed bone (arrows) from origin 
(arrowhead).

Figure 55.11 Longitudinal sonogram shows proximal TFL 
tendinopathy (*) arising from the iliac crest (IC).
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bursitis, discrete fluid collections are rarely seen. Subtle paratenon 
oedematous changes are more easily seen at MR imaging than 
ultrasound (Fig. 55.12A). The tendons often appear normal but can 
be thickened if the process is longstanding, the athlete is elderly or 
there has been previous hamstring muscle injury. Ultrasound-
guided injection of steroid and anaesthetic for treatment of symp-
tomatic paratenon oedema resistant to conservative management is 
best performed with a transverse approach to allow direct visualisa-
tion of the needle and avoid the sciatic nerve (Fig. 55.12B).

The hamstring muscles are the most commonly injured of all 
muscles due to athletic activities. Biceps femoris is most frequently 
affected. Proximal hamstring muscle injuries can present with 
diffuse symptoms because of haematoma causing direct sciatic 
nerve irritation or muscle spasm. Ultrasound can evaluate the site 
and grade of acute injury as well as haematoma or subsequent 
chronic scar tissue impingement on the sciatic nerve. In skeletally 
immature patients ischial tuberosity avulsions are also common.

Gluteal
The gluteal muscles are important postural muscles that act on the 
hip and femur to produce abduction and external rotation during 
normal gait. Gluteal tendinopathy particularly of medius and 
minimus is commonly symptomatic where they attach to the greater 
trochanter and are crossed by gluteus maximus and TFL. Bursae 
occur between the individual tendons and between the tendons and 
the greater trochanter (Fig. 55.13).16,17 Although symptoms in this 
area are commonly attributed to bursitis, in practice a fluid collec-
tion is rarely seen and tendinopathy and oedema are more com-
monly found on imaging (Fig. 55.14). Clinical correlation is 
necessary as asymptomatic tendinopathy, tendon thickening and 

Figure 55.12 Hamstring paratendinopathy and injection. Paratenon change seen on MRI. Transverse sonograms show (A) subtle 
hypoechoic oedematous and ill-defined tissues (arrows) at ischial tuberosity (IT) and (B) needle placement (arrowheads) into oedematous 
tissues (*) at injection.

A B

entheseal changes (ossification and irregularity of greater tro-
chanter) are common in elderly patients.12,17 Ultrasound can be used 
to guide injection of steroid and anaesthetic for treatment.

Acute gluteal tendon tears are rare and occur mainly in elderly 
patients, especially if they have undergone previous hip replace-
ment surgery (Fig. 55.15). Muscle atrophy is a common asympto-
matic finding in hip replacement patients. Tendon avulsions are 
rare in asymptomatic patients and should be considered clinically 
significant.17

Medial thigh

The thigh adductor muscle group consists of adductors longus, 
brevis and magnus and the gracilis muscle. They originate from the 
pubic body and inferior pubic ramus and pass distally to the femur 
and tibia. Their main action is thigh adduction with some hip 
flexion and they are functionally important in sports where fre-
quent changes of direction are required.18 The adductor muscles are 
best visualised as they originate from the pubis and inferior pubic 
ramus with the thigh in abduction and external rotation and the 
knee flexed. In this position adductor longus is the most prominent 
muscle and is easily palpable. The transducer is placed on the  
longitudinal axis of the muscle and is moved obliquely along this 
plane towards the symphysis pubis, following the muscle through 
the myotendinous junction to its tendon and origin at the pubis 
(Fig. 55.16).19

Acute muscle injuries usually occur when the leg undergoes 
forced abduction. Adductor longus is the most commonly injured 
muscle with tears occurring at the proximal or distal myotendinous 
junction. Proximal tendon avulsion is more common in mature 
athletes due to chronic background tendinopathy (Fig. 55.17).18
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Figure 55.15 Longitudinal eFOV sonogram shows gluteus 
medius tendon tear with haematoma (*), adjacent greater 
trochanter (GT), retracted muscle and tendon (arrow).

Figure 55.16 Asymptomatic adductor tendinopathy. 
Longitudinal sonogram shows fanning out (arrows) of normal 
adductor tendon over the pubis (P) with anisotropy and cortical 
irregularity (arrowheads).

ABDOMINAL MUSCLES

The musculature of the lower abdominal wall includes the external 
oblique, internal oblique, transversus abdominis and rectus 
abdominis muscles. They have an important postural function and 
a linear configuration. The rectus abdominis lies either side of the 
midline raphe running inferiorly to blend with the superior aspect 
of the symphysis pubis and the adductor musculature.20 The other 
muscles form three layers at the lateral margin of the rectus 
abdominis. The external oblique is outermost, transversus 
abdominis innermost and internal oblique lies between.21 Acute 
injuries are relatively rare except in athletes. Rectus abdominis is 
the most commonly affected (especially in weight-lifters, tennis 
players and gymnasts). Haematomas form after trauma, surgery or 
spontaneously in patients taking anticoagulants. This group of 
muscles is best evaluated transversely in the midline, locating 
rectus abdominis and then moving laterally to the oblique abdomi-
nal muscles. The rectus sheath is visualised as thick echogenic 
fascia, which blends with the investing fascia of the oblique muscles. 

Figure 55.13 Longitudinal eFOV sonogram shows normal 
irregularity of greater trochanter (GT) and the overlapping gluteal 
tendons (arrowhead and arrows).

Figure 55.14 Longitudinal sonogram shows gluteal 
tendinopathy (*) and greater trochanter (GT). The tendon is 
hypoechoic and swollen.

Once the anatomy of these muscles has been defined, the position 
of any pathology or hernia can be identified.

HERNIAS

Inguinofemoral hernias

Overview and differing imaging modalities
The majority of clinically significant hernias can be diagnosed on 
clinical examination and managed without the use of diagnostic 
imaging. However, a significant proportion of patients with symp-
toms suggestive of a hernia are found to have inconsistent clinical 
examination findings.22,23 Surgical exploration can be performed if 
symptoms are severe, but as this is invasive and has potential mor-
bidity there is a role for imaging in patients with equivocal clinical 
features.

Herniography is sensitive but non-specific and demonstrates 
asymptomatic hernias in 6–18% of patients.24,25 Herniography has a 
low complication rate but is relatively invasive and requires ionis-
ing radiation.24,26,27 False negative herniography findings occur due 



Hernias

1077

allows the contents to enter the canal and leave the abdomen 
(Figs 55.18 and 55.19) before extending obliquely, medially and 
inferiorly through the canal to exit at the superficial (external) 
inguinal ring, a defect in the external oblique fascia. Superficial to 
the canal are subcutaneous fat and skin. Deep to the canal lie the 
iliopsoas muscle medially and the external iliac vessels laterally 
(Figs 55.18 and 55.19). Peritoneum and small bowel lie 
posterosuperiorly.

The inferior epigastric vessels are an important landmark. They 
arise from the external iliac vessels and course superiorly to lie deep 
to rectus abdominis. Just after their origin from the external iliac 
vessels they lie immediately medial to the deep inguinal ring. If a 
hernia arises lateral to these vessels, it is indirect (passing through 
the internal ring) but if it arises medial to the vessels it is a direct 
hernia (passing through the posterior wall).

Examination technique and normal  
ultrasound appearances

Initially it is important to identify the inferior epigastric vessels and 
deep inguinal ring.6 One method is to scan rectus abdominis trans-
versely, identify the inferior epigastric vessels within the deep 
aspect of the rectus sheath, then scanning continuously in the trans-
verse plane to follow the vessels inferiorly where they join the 
external iliac vessels. In obese patients it is difficult to continuously 
scan inferiorly because of abdominal protrusion and another tech-
nique is to identify the femoral vessels in the transverse plane and 
move cranially until the epigastric vessels are seen at their origin. 
A longitudinal image of the inguinal canal is then obtained. The 
inguinal ligament is a linear fibrillar echogenic structure deep to the 
subcutaneous fat and blends with the deep fascia (Fig. 55.18A). 
Deep to the ligament are multiple hyperechoic and hypoechoic 
linear structures (representing vessels, nerves and cord) within the 
canal. Deep to the canal are the psoas muscle, echogenic perito-
neum and hypoechoic bowel (and a varying amount of preperito-
neal fat).6

The canal should also be assessed in its short axis, which is the 
anatomical sagittal plane (Fig. 55.19A). To obtain this view the 
external iliac/femoral vessels should be scanned longitudinally and 
the transducer moved medially to view the short axis of the inguinal 
canal, its hypoechoic tubular contents with peritoneum and bowel 
posterosuperiorly.

Assessment of the canal with the patient at rest and straining 
(performing a slow Valsalva manoeuvre) is performed. It is impor-
tant to instruct the patient to perform the Valsalva manoeuvre 
slowly (i.e. not cough) and to ensure that transducer pressure is not 
applied too firmly, otherwise any potential hernia will be main-
tained in reduction. Normally there may be mild bulging of the 
posterior wall and peritoneum but it should not occlude the canal 
(see later) (Fig. 55.20). On straining in a normal subject, there may 
be slight vessel dilatation and sliding of contents within the canal 
but bowel should only move towards the canal and not completely 
efface or enter it.6

Ultrasound appearance of inguinal hernias
In the transverse plane an indirect hernia arises lateral to the epi-
gastric vessels and extends through the long axis of the canal (Fig. 
55.18B). When scanning sagittally (short axis of the canal) the indi-
rect hernia distends the canal and effaces its contents (Fig. 55.19B). 

to small hernias, loculation of contrast preventing flow into the 
hernial sac or hernias that predominantly consist of fat.6,25

Studies of computed tomography (CT) and MR imaging have not 
been performed in patients with equivocal clinical findings but 
reviews of abdominal CT series have shown this to be an effective 
technique for defining abdominal hernias in patients with symp-
toms and palpable abnormality.28–30 Although some studies of 
dynamic MR technique have been performed in patients with clini-
cally evident hernias prior to surgery, MR studies have not been 
widely accepted or evaluated in clinical practice.31

Ultrasound in infants can confirm clinically evident inguinal 
hernias but a varied accuracy is reported for assessment of the 
contralateral inguinal canal.32,33 In adults ultrasound is accurate 
both for confirming hernias evident on clinical examination (sen-
sitivity 86–100% and specificity 82–97%)31,34–36 and for clinically 
equivocal patients.6 More varied accuracy is reported for hernia 
classification (45–85%),31,34–36 although use of lower-frequency 
transducers may be responsible for poor results.31,35 Ultrasound 
detects fat-filled hernias not seen at herniography, probably 
because real-time visualisation of the hernia contents does not 
depend on the secondary sign of peritoneal contrast movement.6 
False negative findings for ultrasound have been attributed to 
small hernias or technical errors due to operator inexperience.31,35 
False positive findings have been attributed to over-reporting of 
bulging and inguinal lipomas as direct and indirect hernias 
respectively.31,35

Inguinal canal evaluation

Normal anatomy

The inguinal canal transmits vessels, nerves, lymphatics and the 
spermatic cord (round ligament in females) from the abdomen to 
the external genitalia.21 The posterior wall of the canal is formed 
by the muscle, aponeurosis and fascia of transversus abdominis 
and also part of the internal oblique. The anterior wall is formed 
from the fascia of the external oblique muscle. The deep (internal) 
inguinal ring is a defect in the transversus abdominis fascia that 

Figure 55.17 Acute adductor longus tendon tear secondary 
to tendinopathy. Transverse sonogram shows haematoma (*), 
pubis (P) and irregular retracted tendon (arrow).

Examination technique

• Can normally use a linear transducer in most patients.
• Identify inferior epigastric vessels in the transverse plane.
• The canal is assessed in the long and short axis during slow 

Valsalva manoeuvre.
• Same principles are applied for patients with postoperative pain.
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transverse plane a direct hernia protrudes through the posterior 
defect medial to the epigastric vessels (Fig. 55.18C). In the sagittal 
plane the direct hernia pushes into the canal from the posterior 
aspect and effaces its contents (Fig. 55.19C).

Occasionally preperitoneal fat also herniates into the canal and 
appears more homogeneous and hyperechoic compared to bowel 
and sometimes moving with the bowel and peritoneum. Careful note 
should be made of less common inguinal abnormalities, e.g. lipoma, 
haematoma, lymph node, cyst of Nuck or undescended testicle.

The hernia usually consists of hyperechoic peritoneum, fat and 
hypoechoic bowel. Occasionally the hernia is congenital due to a 
persistent processus vaginalis, but this can be an incidental finding 
seen in 29% of adults. A persistent processus vaginalis appears 
similar to peritoneum with two thin opposing echogenic layers seen 
sliding over each other on straining.

Direct inguinal hernias occur due to a defect in the posterior 
inguinal wall and rarely continue distally along the inguinal canal, 
being much more localised in comparison to indirect hernias. In the 

Figure 55.18 Normal right inguinal canal anatomy and hernias (longitudinal axis). A: Longitudinal sonogram of inguinal canal shows 
subcutaneous fat (S), inferior epigastric vessels (IE) laterally, inguinal ligament (small arrows), deep transversalis fascia (large arrows) and 
linear contents (arrowheads). B: Indirect hernia (arrowheads) of fat and bowel entering the canal lateral to the epigastric vessels (IE). 
C: Direct hernia (arrowheads) of bowel (note echogenic gas) entering the canal medial to the epigastric vessels (IE), displacing the inguinal 
ligament (arrows).

A

B C
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repair, ultrasound can help differentiate between recurrent hernia 
and a static haematoma, infection or seroma. Mesh is seen as a 
hyperechoic linear structure just adjacent to the epigastric vessels 
(Fig. 55.21A). Occasionally after repair of indirect hernias, perito-
neum is seen entering the canal although the repair is sufficient to 
prevent bowel herniation. This is because the peritoneal sac is often 
left intact to reduce any trauma to the spermatic vessels during 
surgery. Patients can also develop a preperitoneal lipoma which 
shows only minor movement on straining. Neuralgia is another 
relatively common postoperative complication (2%) and ultrasound 
is usually normal. Focal pain may be due to post-surgical neuromas 
and stitch granulomas (Fig. 55.21B).

Femoral hernia – technique and appearance

The femoral canal is a potential space that contains fat and lymph 
nodes and lies medial to the femoral vein just distal to the inguinal 

‘Bulging’ and ‘pre-hernia complex’
Bulging of the transversalis fascia, where the posterior inguinal wall 
almost occludes the canal on straining without actual herniation, 
has been proposed as a source of pain or ‘pre-hernia’ condition (Fig. 
55.20). Ultrasound6,37,38 and herniography27,39 do not confirm that 
this correlates with pain or is part of the spectrum of direct hernia. 
As it does not represent a definite hernia it should be cautiously 
interpreted. Comment can be made when wall bulging occurs on 
the symptomatic side and is markedly asymmetrical with the 
asymptomatic side.

Postoperative evaluation
Several surgical procedures are described for hernia repair. In prin-
ciple all involve reduction of the hernia and correction of the defect 
by oversewing or mesh insertion. When a mass recurs after surgical 

Figure 55.19 Normal inguinal canal anatomy and hernias (short axis). A: Sonogram of inguinal canal shows inguinal canal (arrows), 
vessels (*), peritoneum (arrowheads) and psoas (P). B: Indirect hernia (arrowheads) of fat and bowel expanding the canal with intact 
echogenic deep fascia (arrow). C: Direct hernia (arrowheads) entering the canal through a fascial defect (arrow) and compressing the 
canal contents (*).

A

B C
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a Valsalva manoeuvre the femoral vein should distend and the 
adjacent tissues are not distorted. This expansion of the vein into 
the potential space of the adjacent femoral canal implies there is no 
mass effect from within the canal itself.

A femoral hernia expands the canal, compressing or preventing 
the normal expansion of the femoral vein (Fig. 55.22). The hernia 
should be confirmed by scanning over the canal in the longitudinal 
plane. Bowel and peritoneum extend inferiorly, deep to the inguinal 
canal and into the femoral canal.

ligament. Femoral hernias are relatively infrequent in male  
patients and are commoner in middle-aged female patients. Patho-
logically the hernia sac passes from the abdomen deep to the 
inguinal canal and into the femoral canal. Quite commonly bowel 
does not completely enter the canal but pushes preperitoneal fat 
into it.

The femoral canal is located just inferior to the inguinal canal and 
immediately medial to the femoral vein.6,40 Normally on performing 

Figure 55.20 Inguinal wall bulging. Sonogram shows short-axis 
inguinal canal (arrowheads) on straining with movement (arrows) 
and compression of the canal into a crescent shape.

Figure 55.21 Patients with postoperative pain. A: Large hypoechoic haematoma (arrowheads) expanding the long axis of the canal 
and outlining the thickened echogenic mesh (arrows) inserted at surgery. B: Stitch granuloma and infection with oedematous hypoechoic 
tissue (*) surrounding echogenic suture (arrowheads) and granuloma (arrow).

A B

Figure 55.22 Femoral hernia. Transverse sonogram taken during 
straining shows femoral artery (FA), femoral hernia (arrowheads) 
expanding the canal and compressing adjacent vein (FV).

Hernias

• Accurate technique for patients with clinically equivocal findings.
• Currently superior to other techniques for inguinal, femoral and 

abdominal hernias.
• Inguinal ‘bulging’ not fully evaluated and currently not a reliable 

finding.
• Postoperative patients can be evaluated using the same 

techniques.



Athletic groin pain (pubalgia)

1081

Chronic degeneration and irregularity of the symphysis pubis is 
a non-specific finding commonly seen in elderly people, postpar-
tum women and professional athletes (Fig. 55.24).9,42 Joint margin 
irregularity also occurs secondary to chronic enthesopathy at the 
adductor origins or with more acute inflammatory joint conditions 
(e.g. fracture or osteomyelitis).

Clinical overview

Chronic insidious-onset groin pain is a significant clinical problem 
that has potentially poor prognostic implications for athletes. Con-
siderable biomechanical stresses are produced across the anterior 
pelvis, particularly in single stance (changing direction or kicking). 
Players who develop chronic pain describe slight discomfort at the 
end of a game gradually progressing to stiffness on waking in the 
mornings. Initially features ease with warming up but soon symp-
toms appear during playing and are exacerbated by cutting-in and 
kicking.

Pathologies that have been proposed as the primary cause of 
symptoms include osteitis pubis, adductor tenoperiosteal (enthesis) 
injury, pubic subchondral bone stress fractures, rectus abdominis 
insertion tears and inguinal canal abnormalities (pre-hernia 
complex, subclinical inguinal hernias or external oblique and con-
joint tendon dehiscence).41 Neuralgia of the ilioinguinal nerve has 
also been described, resulting either from posterior inguinal canal 
weakness with ballooning on straining (see section on ‘bulging’ and 
‘pre-hernia complex’, earlier), or from small tears in the abdominal 
muscles (mainly external oblique).43 Referred pain from the spine 
or hip (FAI) should also be considered.4

Clinical definition of these various pathologies is difficult as 
symptoms and examination findings are similar or overlap  
markedly.18 Most players respond to active rehabilitation and 
core stabilisation but may take many months to return to full activ-
ity.8 Several surgical procedures have developed to treat non-
responders but no controlled trials have been described.

Radiological evaluation of athletes with pubalgia includes  
MR imaging, ultrasound and herniography.9,27,37,44 Conventional 
radiographs and scintigraphy are often unhelpful. Pubic sclerosis, 
irregularity and increased isotope uptake are commonly seen in 
asymptomatic athletes, presumably due to chronic shearing forces 
and remodelling.

Abdominal wall and incisional hernias

These hernias involve protrusion of at least peritoneum and preperi-
toneal fat through a defect in the abdominal wall musculature  
and fascia. They can be classified as Spigelian, incisional and 
umbilical.6,28

Spigelian hernias occur through a weakness of the lateral rectus 
abdominis sheath at its margin with the oblique muscles (linea 
semilunaris), particularly at the point where the inferior epigastric 
vessels penetrate the rectus sheath (Fig. 55.23).

Incisional hernias arise from muscular weakness and fascial 
defects due to previous surgery and scar tissue. This is a common 
clinical problem with an estimated 10% of all hernia operations 
being for repair of this type of hernia. Umbilical or paraumbilical 
hernias present in the midline and can be congenital, postpartum 
or in patients with abdominal distension (obesity or ascites).

For all these conditions the area to be evaluated can be confirmed 
on taking a history. The role of ultrasound is to confirm the presence 
and contents of the hernia (fat and/or bowel) as well as measuring 
the size of the defect in the echogenic deep fascia (Fig. 55.23).

ATHLETIC GROIN PAIN (PUBALGIA)

Although a large number of pathologies can cause groin pain, 
including infection, neuralgia and tumour, the following discussion 
will concentrate on chronic athletic groin pain (pubalgia).

Anatomy and normal  
ultrasound appearances

Symphysis pubis and adductor muscles
The anatomy and ultrasound appearances of the adductor muscles 
and inguinal soft tissues have already been described. Chronic 
tendinopathy, especially of the proximal adductor longus, is 
common in many athletes and is often relatively asymptomatic  
(Fig. 55.16).41

The symphysis pubis is a fibrocartilaginous joint and is the con-
fluence for the thigh adductors, rectus abdominis and the medial 
aspect of the inguinal ligament.20,21 The superior and anterior echo-
genic pubic cortex is visualised on ultrasound by scanning rectus 
abdominis transversely and moving inferiorly to the symphysis. 
The hypoechoic capsular margin and superior pubic ligament 
merge anteriorly with a fibrocartilaginous disc occasionally seen 
within the joint as an echogenic stripe (Fig. 55.24).

Figure 55.23 Transverse eFOV sonogram shows Spigelian 
hernia (arrowheads) of fat herniating through defect (arrows) 
between rectus abdominis (RA) and lateral abdominal muscles (Ab).

Figure 55.24 Symphysis pubis. Transverse oblique sonogram 
shows anterior capsule (large arrows), normal irregular pubic body 
cortical margin (small arrowheads) and ill-defined echogenic disc 
(small arrow) and needle placement (large arrowheads) during joint 
injection.



CHAPTER 55 • Musculoskeletal ultrasound of the adult hip and groin

1082

transverse position may lead to piercing of the medial inguinal 
contents. When infiltrating around the adductor tendon origins, a 
20-gauge needle usually suffices, as the adductor muscle is rela-
tively superficial when the thigh is abducted and externally rotated.

PELVIC MUSCULOSKELETAL SOFT 
TISSUE MASSES

The ultrasound appearances of soft tissue masses and neoplasms 
are described in Chapter 58. Pseudomasses, particularly haemato-
mas, subcutaneous fat necrosis and Morel–Lavellée lesions, are 
particularly frequent in the pelvis and proximal thigh region sec-
ondary to trauma.
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Figure 55.25 Symptomatic adductor longus tendinopathy. 
Longitudinal sonogram shows tendinopathy with convex swelling 
(arrows) and focal hypoechoic areas (*) shown not to be anisotropy.

The role of ultrasound

Ultrasound is initially performed in parasymphyseal pain to rule 
out inguinal hernia or acute on chronic tendon or muscle strain 
(particularly of adductor longus). Features that suggest that an area 
of chronic tendinopathy may be symptomatic are marked focal 
tenderness on transducer pressure and evidence of superimposed 
acute changes within the tendon including haematoma or oedema 
causing convex swelling (Fig. 55.25).

If ultrasound is normal and the clinician confident of an inguinal 
soft tissue abnormality (e.g. external oblique or conjoint tendon 
tear), no other imaging is performed as ultrasound cannot detect 
the small tears described in surgical series or subtle adductor enthe-
sis change.41,43 If the clinical opinion is that the pain is symphyseal 
in origin, MR imaging can assess the degree of symphyseal and 
adductor entheseal oedema, which significantly correlates with 
symptoms.9,44,45

Ultrasound-guided intervention

Ultrasound-guided symphysis pubis injection may help refine the 
clinical diagnosis or provide long-term symptom relief.46–48 Its 
overall benefit is not proven. Some studies that lacked control 
groups have reported an early return to pain-free activity.46–48 When 
unilateral symptoms predominate infiltration around the adductor 
tendon origin (enthesis) may be sufficient.

For both types of injection a freehand technique can be used. For 
injection of the symphysis pubis a 22-gauge spinal needle is intro-
duced using a transverse oblique approach (Fig. 55.24), as a pure 

Pubalgia

• Pubalgia = chronic athletic groin pain (>3 months).
• Multiple aetiologies implicated involving the symphyseal and 

inguinal soft tissues.
• Athletes commonly have some background asymptomatic 

adductor tendinopathy.
• MR imaging can define symptomatic adductor entheseal change.
• Ultrasound is used to exclude hernia or acute tendon injury but is 

frequently negative in athletes with chronic symptoms.
• Ultrasound allows image-guided injection of the symphysis pubis 

or adductor region.
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INTRODUCTION

Ultrasound is a valuable tool in the investigation of the knee. 
Although unable to compete with magnetic resonance imaging 
(MRI) in the investigation of the menisci, cruciate ligaments or bony 
abnormalities, ultrasound provides superb detail of anatomy and 
pathology in the extensor mechanism, popliteal fossa, and medial 
and lateral knee and distinguishes cystic from solid masses.

ANATOMY AND ULTRASOUND 
EXAMINATION

The examination should be performed using a high-frequency 
linear array transducer. The European Society of Skeletal Radiology 
provides detailed guidance on examination technique at http://
essr.org/html/img/pool/knee.pdf. The knee is best considered as 
having four separate quadrants: anterior, posterior, medial and 
lateral.

The anterior knee includes the quadriceps muscles and tendon, 
patella, patellar tendon, suprapatellar recess and infrapatellar 
(Hoffa’s) fat. The anterior knee is examined with the hip extended 
and the knee in slight flexion with the patient supine and a small 
pad under the knee.

The quadriceps muscles (Fig. 56.1) consist of the rectus femoris 
muscle which lies superficially and in the midline, vastus 

intermedius which lies deep to rectus femoris, and vastus medialis 
and lateralis on either side of rectus femoris and superficial to 
vastus intermedius. The quadriceps muscles narrow inferiorly to 
form the quadriceps tendon. The rectus femoris component of the 
tendon is the first to form proximally, then vastus intermedius. The 
vastus medialis and vastus lateralis muscles extend quite far dis-
tally, particularly lateralis, and join the tendon obliquely.

The suprapatellar recess (Fig. 56.2) lies deep to the quadriceps tendon. 
It is seen as a thin echogenic line if there is no fluid in the recess.

The quadriceps tendon inserts into the upper pole of the patella 
although fibres cross the front of the patella in continuity with the 
patellar tendon, which runs from the inferior pole of the patella to 
the tibial tuberosity. The patellar tendon (Fig. 56.3) is uniform in 
calibre and texture although both ends are slightly expanded and 
the edges tapered (Fig. 56.4A,B). The tendon measures 10–15 mm 
in width and 3–6 mm in depth.1 The medial and lateral retinacula 
are thin hypoechoic structures that extend from the patella on trans-
verse images.

With the leg slightly externally rotated, the medial structures are 
examined. The medial collateral ligament (Fig. 56.5) extends from 
the medial femoral epicondyle to the medial cortex of the proximal 
tibia. The ligament is usually of uniform texture and is slightly 
wider inferiorly. Occasionally a small bursa lies between its deep 
and superficial layers. The medial meniscus (Fig. 56.5) is deep to 
and in continuity with the collateral ligament. The pes anserinus 
tendons, from anterior to posterior, sartorius, gracilis and semi-
tendinosus, lie posteromedial to the medial collateral ligament and 
insert on the proximal tibia alongside semimembranosus.

The lateral structures are examined with the leg slightly inter-
nally rotated. The iliotibial band (Fig. 56.6) is the most anterior 
structure. It inserts on Gerdy’s tubercle on the anterolateral aspect 
of the proximal tibia. Behind this is the lateral collateral ligament, 
which runs obliquely from the lateral femoral epicondyle to insert 
on the fibular head, usually in a conjoined tendon with biceps 
femoris, which is the most posterior of the lateral structures.

The posterior structures are examined with the patient prone and 
the knee extended or minimally flexed. The medial and lateral 
heads of gastrocnemius arise from the respective femoral condyles. 
The popliteal vessels lie between the gastrocnemius heads. The pes 
anserinus tendons lie medial to the medial head of gastrocnemius. 
The semimembranosus tendon lies just deep to semitendinosus; the 
two tendons may be hypoechoic and simulate cysts if the trans-
ducer is not perpendicular (Fig. 56.7). The common peroneal nerve 
lies on the lateral border of the lateral head of gastrocnemius, and 
runs distally around the neck of the fibula.

ANTERIOR KNEE

Patellar tendinosis

Tendinosis usually affects the proximal end of the patellar tendon 
(‘jumper’s knee’) and is thought to be the result of overuse, although 

Ian Beggs

http://essr.org/html/img/pool/knee.pdf
http://essr.org/html/img/pool/knee.pdf
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Figure 56.1 Quadriceps muscles: transverse, extended field-of-
view image (RF, rectus femoris muscle; VM/VI/VL, vastus medialis/
intermedius/lateralis muscles respectively).

Figure 56.2 Quadriceps tendon, patella and patellar tendon: 
longitudinal extended field-of-view image. There is a small effusion 
in the suprapatellar recess.

Quadriceps

Patella

Patellar tendontendon

Small effusion in
suprapatellar recess

Figure 56.3 Longitudinal scan of patellar tendon (arrows) 
running from inferior pole of patella to tibial tuberosity. The tendon 
is well defined and uniform in calibre and texture.

Patella                             Tibia

Figure 56.4 Patellar tendon. A: Transverse scan of patellar tendon (arrows). It is well defined, echogenic and uniform in calibre and 
texture although its edges are tapered. B: Same position as A. Altering the angle of insonation from 90° makes the tendon hypoechoic 
and more conspicuous.

A B

Figure 56.5 Longitudinal scan of medial collateral ligament 
(thick arrows) showing similar appearance to tendons. The medial 
meniscus (small arrow) is deep to the ligament and is triangular  
and echogenic.

Figure 56.6 The iliotibial band (arrows) appears identical to other 
ligamentous structures.

Patellar tendon

• The patellar tendon may appear hypoechoic due to anisotropy.

Focused examination

• Ultrasound examination of the knee is usually targeted on a 
specific problem and does not examine the whole knee.
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Figure 56.7 Semimembranosus and semitendinosus tendons. A: Transverse scan of popliteal fossa showing neck (narrow arrow) of 
small Baker’s cyst emerging between medial head of gastrocnemius (between neck and cyst) and semimembranosus and semitendinosus 
tendons (short arrows). The tendons are virtually anechoic due to anisotropy. This effect can be used to make tendons more conspicuous. 
B: Altering transducer angulation makes the tendons (small arrows) appear echogenic. The broader arrow points to the medial head of 
gastrocnemius.

A B

Figure 56.8 Longitudinal scan of jumper’s knee: the proximal 
patellar tendon (arrow) adjacent to the lower pole of the patella is 
swollen, hypoechoic and ill defined. Cystic change is present.

various aetiological theories have been proposed.1–4 Histologically 
the normal, highly organised pattern of collagen bundles is  
disrupted. Increased amounts of mucoid ground substance and 
cellular infiltrates, particularly tenocytes, are present. Capillary 
proliferation and deposits of cartilage and bone are also features. 
Inflammatory changes are absent.2,5

Ultrasound shows hypoechoic swelling (Fig. 56.8) of the proximal 
patellar tendon adjacent to the inferior pole of the patella. The 
swelling is focal, usually posterior, and involves only part of the 
width of the tendon. The deep surface is ill defined. The paratenon 
may be thickened. Echogenic foci of ossification or calcification (Fig. 
56.9) in the tendon and hyperostosis at the inferior pole of the 
patella may be present in longstanding cases. There is generally 
good agreement between ultrasound and MRI in assessing the 
extent of morphological changes but asymptomatic morphological 
changes are common.1,5 Neovascularity (Figs 56.10–56.12) on 
colour or power Doppler correlates strongly with pain.6,7 Abnormal 
Doppler signal is less conspicuous when the tendon is under tension 

Figure 56.9 Tendinosis. A: Longitudinal scan: microcalcification is 
present in the segment of tendinosis. B: The transverse scan 
shows that the tendinosis involves only part of the width of the 
tendon (arrows at tendon margins). The swelling is posterior. 
Calcification and cystic change are also present.

A

B
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have a systemic disease such as rheumatoid arthritis, gout, systemic 
lupus erythematosus, diabetes mellitus, chronic renal failure or 
hyperparathyroidism. Patients present with swelling and inability 
to extend the knee although a post-traumatic joint effusion without 
tendon damage may have an identical clinical presentation, while 
extension may still be possible with partial tears.

Most quadriceps tears are incomplete and involve the superficial 
rectus femoris component of the quadriceps tendon. The tear occurs 
in the distal 1–2 cm of the tendon or at its insertion into the patella.10 
Ultrasound shows a gap (Fig. 56.13) in the tendon fibres that is 
easier to identify if occupied by hypoechoic haematoma, which may 
track subcutaneously and between muscle and tendon layers (Fig. 
56.14). The proximal tendon edge is retracted and may be made 
more conspicuous by gentle flexion of the knee.

Complete tears of the quadriceps tendon also involve the distal 
tendon although occasionally the proximal pole of the patella (Fig. 
56.15) is avulsed. All layers of tendon are involved and the swollen 
tendon edges are separated by a liquid haematoma which may 

and more obvious after exercise.8 Neovascularity suggests a better 
prognosis and inhomogeneity a poorer outcome.9 Progression from 
tendinosis to a full thickness tear is rare.

Treatment of jumper’s knee is usually conservative and involves 
physiotherapy. However, dry needling and injections of autologous 
blood or sclerosants under ultrasound guidance have been advo-
cated as treatments that are directed at the neovascularity.1

Tears of quadriceps and patellar tendons

Tears of the quadriceps and patellar tendons occur less often than 
tears of the rotator cuff or Achilles tendon.

Quadriceps tears are due to sudden contraction of the extensor 
mechanism. Patients are usually middle-aged or older and may 

Figure 56.10 Neovascularity on power Doppler correlates with 
symptomatic tendinosis. The tendon is swollen, hypoechoic, ill 
defined and contains echogenic foci of calcification or ossification.

Figure 56.11 Neovascularity typically extends into adjacent soft 
tissues.

Figure 56.12 Transverse power Doppler scan of tendinosis at 
distal end of patellar tendon. The tendon is eccentrically swollen, 
heterogeneously hypoechoic and contains new vessels. The 
adjacent paratenon (arrow) is thickened and hypoechoic.

Figure 56.13 Longitudinal scan of tear of quadriceps tendon 
(arrows at tear margins). Hypoechoic haematoma occupies the gap.

Figure 56.14 Longitudinal scan of tear of rectus femoris 
tendon. Haematoma between the patella and retracted tendon 
extends superficial to the patella and superficial and deep to the 
rectus tendon (arrows).

Edge of torn 
rectus tendon

Haematoma

Patella

Haematoma

Tendon changes

• Morphological changes in the patellar tendon may be 
asymptomatic. Neovascularity correlates with pain.
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Osgood–Schlatter disease

Osgood–Schlatter disease occurs in adolescents and is the result of 
chronic avulsive stress where the patellar tendon inserts into the 
tibial apophysis. Hirano et al.13 have shown that the primary injury 
is in the apophysis and that the tendon changes are secondary. 
Patients present with pain, tenderness and swelling. The diagnosis 
is usually clinical.

Ultrasound shows swelling of the distal patellar tendon, apophy-
seal cartilage and pretibial soft tissues, fragmentation of the ossifica-
tion centre and distension of the infrapatellar bursa. Neovascularity 
may be present in the tendon and bursa. Similar changes at the 
inferior pole of the patella are seen in Sinding-Larsen–Johansson 
disease.14,15

Joint effusion

Ultrasound detects small amounts of fluid (Fig. 56.16) in the supra-
patellar recess, first seen in the recesses on either side of the patella. 
Larger effusions extend proximally and clinically may simulate a 
solid mass. Early synovial hypertrophy results in hypoechoic thick-
ening of the wall of the suprapatellar recess. In advanced cases  
the recess is distended by solid pannus. Colour and power  
Doppler distinguish between active pannus, which is vascular, and 
fibrous pannus, which is hypovascular.16 Contrast-enhanced power 
Doppler shows reduced perfusion in response to treatment.17

A post-traumatic haemarthrosis contains hypoechic fluid 
although echogenic thrombi may also be present. A lipohaemar-
throsis is due to escape of medullary fat through an intra-articular 
fracture. Ultrasound performed soon after the injury shows two 
layers and an intervening fluid–fluid level (Fig. 56.17) as the echo-
genic fat floats on the hypoechoic blood. After about 3 hours the 
serum and red blood cells (RBCs) separate and a three-layer, two 
fluid–fluid levels appearance may develop. The superior echogenic 
band of fat, middle almost anechoic layer of serum and synovial 
fluid, and dependent layer of hypoechoic RBCs are separated by 
thin fluid–fluid levels.18,19 Ultrasound is more accurate than radio-
graphs in the identification of lipohaemarthrosis.20

Figure 56.15 Quadriceps tendon tear. Transverse scan: the 
echogenic focus is a small fragment of the proximal pole of the 
patella that has been avulsed with the quadriceps tendon still 
attached.

Figure 56.16 Joint effusion. A: Transverse scan showing tiny joint effusion in suprapatellar recess beside femoral condyle. Hypoechoic 
articular cartilage lies between the fluid and the condyle. B: Longitudinal scan showing small effusion in suprapatellar recess between 
patella and femur.

A B

Fluid in  suprapatellar recess

Femoral
condyle

Articular cartilage

Patella

Fluid in suprapatellar recess

Femur

Quads and patellar tendon tears

• Tears of the quadriceps and patellar tendons may be more 
conspicuous if the examination is performed with the knee flexed.

track into adjacent tissues. Traction on the patella makes the defect 
more obvious and helps to distinguish between complete and 
incomplete ruptures.

Ultrasound has 100% sensitivity for partial and complete quad-
riceps tendon tears and 100% specificity for complete tears.10,11

Patellar tendon ruptures involve the proximal tendon. They are 
less frequent than quadriceps tears and are due to sporting injuries 
in younger patients. There may be pre-existing tendinosis. Patients 
present with pain, swelling and inability to extend the knee. Radio-
graphs show proximal retraction of the patella. Ultrasound demon-
strates a fluid-filled defect in the tendon12 and an irregular, 
redundant appearance of the distal tendon.
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POSTERIOR KNEE

Baker’s cyst

The most frequent indication for ultrasound examination of the 
posterior knee is to confirm the presence and define the nature of 
a space-occupying lesion in the popliteal fossa, usually due to a 
semimembranosus–gastrocnemius bursa or Baker’s cyst or other 
synovial cyst. They are generally anechoic and well defined, 
although hypoechic fluid contents may be present. Prominence of 
a normal medial or lateral head of gastrocnemius muscle also 
accounts for a number of referrals.

Baker’s cysts are common and frequently asymptomatic, although 
they may present with swelling and/or mild discomfort. An MRI 
study of asymptomatic knees found Baker’s cysts in 20% of knees, 
almost all <3 cm in diameter.21 The essential criterion for the diag-
nosis of a Baker’s cyst is identification of the fluid-filled neck (Fig. 
56.7) of the cyst running from the posterior aspect of the knee joint 
between the medial head of gastrocnemius laterally and the semi-
membranosus and semitendinosus tendons medially.22 This is best 
achieved on transverse scans with the knee very slightly flexed. The 
neck of the cyst is narrow, may be effaced by pressure between 
gastrocnemius and semimembranosus when the knee is fully 
extended and can function as a one- or two-way valve resulting in 
a swelling that waxes and wanes. In uncomplicated cysts either or 
both the gastrocnemius and semimembranosus components of the 
cyst contain anechoic fluid and may extend distally or proximally 
respectively. The fluid may be partly or wholly replaced by hypoe-
choic pannus or contain echogenic foci (Fig. 56.19) of synovial 
osteochondromatosis.

Rupture of a Baker’s cyst presents with a painful, swollen calf 
that clinically resembles a deep vein thrombosis (DVT). Both a 
ruptured cyst and a DVT should be sought on ultrasound as they 
may coexist. Cyst rupture (Fig. 56.20) usually occurs distally and 
the shape of the distal border of the cyst changes from convex to 
pointed. Rupture results in cyst deflation although the cyst re-
expands when the leak seals. The fluid tracks along tissue planes, 
subcutaneously and between muscles. Anticoagulated patients may 
present with a swollen, painful calf due to haemorrhage into a 
Baker’s cyst resulting in hypoechoic fluid or echogenic clots in the 
cyst. Cyst haemorrhage and rupture may coexist.

If no abnormality is found, the transducer should be moved dis-
tally to look for a ‘tennis leg’ by identifying a tear of the medial 
head of gastrocnemius or a fluid collection between the aponeuro-
ses of the soleus and medial head of gastrocnemius muscles.23

Figure 56.17 Lipohaemarthosis. A: Transverse scan of 
lipohaemarthosis. The echogenic fat lies superficial to the blood and 
synovial fluid forming a fluid–fluid level (arrow). B: Longitudinal scan 
of fluid–fluid level (broad arrow) due to lipohaemarthosis in 
suprapatellar recess. The narrow arrow points to the patella.

A

B

Figure 56.18 Longitudinal scan of distended prepatellar 
bursa overlying distal patellar tendon. Echogenic synovium and a 
small amount of fluid fill the bursa.

Joint effusions

• Small joint effusions can be identified by ultrasound.
• A fluid–fluid level is typical of a lipohaemarthrosis and indicates 

that a fracture is present.

Other anterior bursae

A small amount of fluid in the deep infrapatellar bursa which lies 
posterior to the distal patellar tendon is normal. Deep infrapatellar 
bursitis may occur in association with distal patellar tendinopathy 
but the difference between normal and pathological bursae has not 
been defined.

Fluid in the prepatellar bursa may be symptomatic and caused 
by prolonged kneeling, ‘housemaid’s knee’ superficial to the patella 
and ‘clergyman’s knee’ superficial to the patellar tendon. The bursal 
wall may be thickened, abnormal flow present on colour or power 
Doppler, and pain produced by palpation in bursitis,12 but small 
amounts of fluid in the prepatellar bursa may be without clinical 
significance. Synovial hypertrophy may be present (Fig. 56.18).
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Figure 56.19 Transverse scan of small Baker’s cyst (wide 
arrow points to neck of cyst) that contains an irregular, echogenic 
focus of synovial osteochondromatosis (narrow arrow).

Figure 56.20 Ruptured Baker’s cyst (broad arrow). Fluid (narrow 
arrows) tracks deep and superficial to the medial gastrocnemius 
muscle.

Baker’s cysts

• The stalk of a Baker’s cyst lies between medial head of 
gastrocnemius and the semimembranosus and semitendinosus 
tendons. The tendons may appear hypoechoic and cystic due to 
anisotropy.

• Rupture of a Baker’s cyst may present like a DVT.

Cruciate ligaments

Normal cruciate ligaments are not well demonstrated on ultra-
sound because of their oblique orientation and the effect of anisot-
ropy. Tears of the cruciate ligaments are frequently associated with 
other bone and soft tissue injuries and are best investigated with 
MRI. However, the ultrasound appearances of cruciate injuries 
have been reported.

The normal posterior cruciate ligament (PCL) is seen on longitu-
dinal scans as a hypoechoic band running obliquely to its insertion 

on the posterior margin of the tibia inferior to the tibial plateaux. 
Tears of the PCL result in focal discontinuity or diffuse swelling 
compared with the opposite PCL.24

The normal anterior cruciate ligament is not seen on ultrasound 
but a hypoechoic haematoma on the lateral wall of the intercondy-
lar notch on a posterior transverse scan is said to indicate the pres-
ence of an anterior cruciate ligament tear.25

Anechoic, well-defined ganglion cysts are occasionally seen in or 
adjacent to the cruciate ligaments.26

MEDIAL KNEE

Medial collateral ligament

Isolated injuries of the medial collateral ligament (MCL) result from 
valgus stress. Most are treated conservatively and require no 
imaging. MRI is indicated if more complex injuries are suspected.

Most MCL injuries are proximal and involve the deep layer more 
frequently than the superficial layer. A grade I sprain is really a 
peri-ligamentous injury without instability and produces hypoe-
choic fluid and swelling adjacent to the MCL. A grade II sprain is 
a partial tear and additionally results in instability and swelling of 
the MCL. A grade III injury is a complete tear and causes gross 
instability. Hypoechoic fluid or haematoma occupies the defect in 
the disrupted deep and superficial layers. Thickening or calcifica-
tion, the Pellegrini–Stieda lesion seen on radiographs, adjacent to 
the medial epicondyle represents an old injury.27

Medial meniscus

MRI rather than ultrasound is the imaging examination of choice 
for the meniscus. The normal medial meniscus is triangular and 
echogenic (Fig. 56.5). Tears (Fig. 56.21) appear as anechoic or hyp-
oechoic, occasionally hyperechoic, clefts or as an absent or trun-
cated meniscus. Swelling, reduced echogenicity and extrusion 
occur in meniscal degeneration. Focal echogenic areas suggest 
meniscal calcification. A gap between the meniscus and the MCL 
suggests meniscocapsular separation.

Figure 56.21 Torn medial meniscus and stalk of associated 
meniscal cyst.
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echogenicity of the affected segment of the iliotibial band and may 
also show a deeper hypoechoic area due to bursitis or soft tissue 
inflammation.30

Iliotibial band tendinopathy occurs in older patients who have 
osteoarthritis or a knee prosthesis and results from altered stresses 
due to an angular deformity or rubbing against the edge of the tibial 
component respectively. It causes lateral or anterior knee pain. 
Ultrasound shows swelling, reduced echogenicity and loss of the 
normal fibrillar pattern of the distal iliotibial band. Changes may 
be subtle and comparison with the opposite side may help.31

Lateral meniscus

Tears and cysts of the lateral meniscus appear identical to those in 
the medial meniscus. Fluid around the popliteus tendon as it runs 
through the posterior horn of the meniscus should not be mistaken 
for a cyst.

Biceps femoris and popliteus tendons

Tendinopathy results in swelling and reduced echogenicity but is 
not common. A superficial bursa may be present (Fig. 56.23).

Proximal tibiofibular joint

Synovial cysts or ganglia may emerge from the anterior or posterior 
aspects of the proximal tibiofibular joint. They are frequently 
asymptomatic but may become palpable. Anterior cysts that run 
across the anterior and lateral aspects of the fibular neck may com-
promise or invade the common peroneal nerve as it runs from the 
popliteal fossa, between the peroneus longus muscle and the fibular 
neck to lie anterior to the proximal fibula.

The cyst or ganglion is identified on ultrasound as a well-defined 
anechoic mass. It is usually oval or pear-shaped, with its narrower 
end close to the tibiofibular joint, and has a thick wall. A narrow 
stalk may connect the joint and the cyst.32
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Lateral collateral ligament
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Meniscal cysts

• Meniscal cysts are usually associated with meniscal tears.
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INTRODUCTION

Ultrasound examination of the foot and ankle is a clinically valuable 
technique which has gained popularity due to improved knowl-
edge of anatomy, recognition of the value of dynamic stress imaging 
and improvement in ultrasound resolution for superficial soft tissue 
structures.

Most of the important structures in the foot are close to the 
surface and easily examined by ultrasound with the exception of 
the internal structure of bones. Increasing use of ultrasound has led 
to increased understanding of the technique and appreciation of its 
strengths and weaknesses, particularly when compared with con-
ventional radiographs and magnetic resonance imaging (MRI). 
Knowledge of the pathophysiology of each syndrome and disease 
is essential in order to recognise both advanced and early changes. 
The same disease will give different findings depending on its  
duration and severity.1–3

David Wilson and Gina Allen

The European Society of Skeletal Radiology Ultrasound Sub 
Committee presents a standard set of imaging planes as a basis  
for each examination (http://www.essr.org/cms/website.php?id=/
en/index/educational_material.htm).

ANATOMY AND TECHNIQUE 
(Figs 57.1 to 57.3)

Examination technique will often include comparison with the 
normal side. Particular note should be made of tender or sympto-
matic areas, using ultrasound examination to identify the structure 
involved.

Posterior ankle

Achilles region
The Achilles tendon is the largest weight-bearing tendon of the 
body, carrying up to 50 newtons when the individual is standing. 
It is formed from the medial and lateral heads of the gastrocnemius 
muscle and the soleus muscle and has a posterior portion from the 
gastrocnemius muscles and an anterior portion from the soleus 
muscle. These components may be likened to a rope with two 
twisted elements that run in a spiral pattern in different planes. The 
bundles are easily distinguished using good quality ultrasound 
machines. Dynamic examination in the transverse plane shows a 
moving image of the rotation and clearly separates the two major 
parts of the tendon.

The Achilles tendon varies in length from 0 to 9 cm,4 and meas-
ures approximately 5 mm in maximum sagittal diameter. It is either 
ovoid or kidney bean shaped in cross-section with a little increase 
in bulk medially. There is normally an anterior indentation or 
smooth convexity in its mid-portion although it is rounder near to 
the insertion.

The accessory soleus has been described as an additional muscle 
attaching to the tendon (Fig. 57.4), but a better description may be 
that it is a normal variation of the muscle insertion into the tendon 
with a low musculotendinous junction leading to a shortened free 
component of the Achilles tendon.

Normal variants due to incomplete fusion of the gastrocnemius 
and soleus tendons can lead to split or accessory tendons.

Rather than having a tendon sheath the Achilles has a loose con-
nective tissue surrounding called the paratenon. This is less adher-
ent posteriorly than anteriorly and is bound to the back of the 
calcaneus by fascia that acts as a ‘retinaculum’. Bursae are present 
anterior and posterior to the tendon at the level of the calcaneus. 
and act as cushion pads. In utero the bursae contain synovium 
which can persist. The whole unit acts like a synovial joint in  
the fetus with extension into the plantar fascia. It is part of the 
‘enthesis organ’ where the tendon is attached to the calcaneus by 
fibrocartilage which extends into the bone in plugs that penetrate 
the cortical bone and show a ‘sieve’-like appearance on ultrasound 

http://www.essr.org/cms/website.php?id=/en/index/educational_material.htm
http://www.essr.org/cms/website.php?id=/en/index/educational_material.htm
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examination. Kager’s fat pad lies deep to the tendon. In motion it 
slides against the bursa and tendons, dissipating the load of the 
body evenly through the tendon5 (Fig. 57.5).

Ultrasound examination of the Achilles tendon is best performed 
with the patient prone and the feet hanging off the end of the couch 
(Fig. 57.6), allowing the sonographer to plantar- or dorsiflex the foot 
in order to assess the integrity of the Achilles tendon or the size of 
a tear in the tendon. With dorsiflexion some stretch can be placed 
on the Achilles tendon and the echogenicity and size of the tendon 
can be assessed (Figs 57.7 and 57.8). The foot should be placed in 
plantarflexion to assess neovascularisation, which can be obliter-
ated by extreme dorsiflexion. Care should be taken in looking at the 

Figure 57.1 Anatomy of the lateral ankle.

Peroneus longus

Peroneus brevis

Calcaneofibular ligament Abductor digiti minimi

Talofibular ligament

Anterior tibiofibular ligament

Figure 57.2 Anatomy of the medial ankle ligaments.

Achilles tendon Plantar fascia

Tibiotalar part of  deltoid ligament

Tibiocalcaneal part of  deltoid

Talonavicular part of  deltoid ligament

Spring ligament

Figure 57.3 Anatomy of the medial ankle tendons.

Tibialis anterior

Flexor digitorum longus

Flexor hallucis longus

Tibialis posterior

Figure 57.4 Longitudinal ultrasound image of the distal 
Achilles tendon with a low-lying ‘accessory’ soleus.

Achilles tendon

Soleus muscle

Important anatomy to know in the ankle

Posterior ankle
• Achilles tendon
• Plantaris tendon
• Pre Achilles bursa
• Post Achilles bursa
• Kager’s fat pad
• Sural nerve
• Saphenous vein

Medial ankle
• Tibialis posterior tendon
• Flexor digitorum
• Flexor hallucis longus
• Posterior tibial nerve
• Posterior tibial artery 
• Posterior tibial vein
• Deltoid ligament
• Spring ligament

Lateral ankle
• Peroneus longus tendon
• Peroneus brevis tendon
• Peroneus tertius tendon
• Peroneus quartus tendon
• Common peroneal nerve
• Peroneal artery and vein
• Anterior talofibular ligament
• Anterior inferior tibiofibular ligament
• Calcaneofibular ligament

Anterior ankle
• Tibialis anterior tendon
• Extensor hallucis longus tendon
• Extensor digitorum
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function of a ruptured Achilles tendon and mask the clinical signs 
of rupture. Plantaris may be used for tendon reconstruction.

The plantaris tendon can be found on the medial and anterior 
aspect of the Achilles tendon when it is present. Both axial and 
longitudinal images are useful in first identifying the tendon and 
then tracing it to its insertion.

The sural nerve descends lateral to the Achilles tendon with the 
short saphenous vein and passes distal to the lateral malleolus, 
supplying the lateral side of the foot and little toe.

medial and lateral margins of the Achilles tendon on transverse and 
longitudinal scans as these areas can be obscured by edge artefact 
and may be a site for tearing or paratenon inflammation. Sclerosing 
tendinopathy can occur and the importance of dynamic assessment 
cannot be overstated. Scanning the tendon during the motion that 
brings on the patient’s symptoms can be useful, for example when 
examining a ballerina who is standing en pointe.

Plantaris
Approximately 90% of individuals have an additional muscle/
tendon called the plantaris, which arises from the lower part of the 
supracondylar line of the femur and the oblique popliteal ligament. 
It forms a tendon that runs obliquely between the gastrocnemius 
and soleus muscles to lie on the medial side of the Achilles tendon6 
as a separate tendon that runs to the calcaneus or merges with the 
Achilles at varying levels (Fig. 57.9). It may take over some of the 

Figure 57.5 Longitudinal ultrasound image of the distal 
Achilles tendon with the Kager’s fat pad seen indenting the pre 
Achilles bursa.

Pre Achilles Bursa

Kagers fat pad

Figure 57.6 A patient lying prone with the foot off the end of the 
bed with the foot held in dorsiflexion while examining the Achilles 
tendon with ultrasound.

Figure 57.7 Longitudinal ultrasound image taken of the distal 
Achilles tendon with the foot in dorsiflexion.

Figure 57.8 Extended field-of-view longitudinal image of the 
Achilles tendon.

Figure 57.9 Longitudinal ultrasound image of the plantaris 
tendon.

Achilles tendon

Plantaris tendon
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(Fig. 57.13). An accessory ossicle, os naviculare may be incorporated 
in the distal navicular attachment.

The flexor digitorum longus tendon develops from the flexor 
digitorum muscle, which arises from the anterior medial tibia and 
extends to the terminal phalanges of the toes excepting the great 
toe. The flexor hallucis longus muscle arises from the posterior 
medial tibia and its tendon inserts into the terminal phalanx of the 
great toe. The flexor hallucis brevis (FHB) tendon also inserts by 
two slips into the terminal phalanx but this muscle is formed in the 
plantar aspect of the foot. Within the two tendon slips of the FHB 
are the sesamoid bones at the level of the metatarsophalangeal 
(MTP) joint (Fig. 57.14).

The medial ligamentous complex, the deltoid ligament, is made 
up of a fan of ligaments that pass from the medial malleolus (Fig. 
57.2). The superficial portion comprises from anterior to posterior 
the tibionavicular ligament, tibiospring ligament and tibiocalcaneal 
ligament (Fig. 57.15).

Medial ankle

The medial aspects of the ankle are best assessed with the patient 
sitting, the knee flexed and the leg pushed slightly outwards (Figs 
57.10 and 57.11).

On the medial side of the ankle are from anterior to posterior the 
tibialis posterior, flexor digitorum and flexor hallucis longus 
tendons. A neurovascular bundle lies between the flexor digitorum 
longus tendon and the deeper flexor hallucis longus (FHL) tendon. 
A mnemonic that helps is ‘Tom, Dick and very nervous Harry’ 
(Tibialis posterior, flexor Digitorum longus, Artery, Vein, Nerve, 
flexor Hallucis longus) (Fig. 57.12).

The posterior tibial nerve is the largest nerve second only to the 
sciatic nerve in the lower limb. It arises from the sciatic nerve above 
the popliteal fossa with the common peroneal nerve and gives rise 
to the medial and lateral plantar calcaneal nerves at the level of the 
calcaneus.

The tibialis posterior tendon extends from the tibialis muscle, 
which originates on the posteromedial aspect of the tibia and runs 
to the navicular, with a second slip of the distal tendon extending 
on the undersurface of the foot forming the medial arch of the foot 
and inserting it into the cuneiforms and bases of the metatarsals 

Figure 57.10 A patient lying with their medial ankle 
uppermost, lying slightly on the hip while examining the medial 
ankle tendons.

Figure 57.11 A patient lying with their lateral ankle 
uppermost, lying slightly on the hip while examining the lateral 
ankle tendons.

Figure 57.12 Transverse ultrasound image of the tibialis 
posterior, flexor digitorum, flexor hallucis tendons and the 
neurovascular bundle.

Flexor hallucis

Flexor digitorum
longus

Tibialis
posterior

Neurovascular
bundle

Figure 57.13 Longitudinal ultrasound image of the distal 
insertion of the tibialis posterior tendon in a patient with 
tendinopathy.

Tibialis posterior
tendon

Fluid in tendon
sheath
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The tibionavicular ligament may be difficult to identify on 
imaging. The deep portion consists of the anterior and posterior 
tibiotalar ligaments. The anterior tibiotalar ligament is absent in 
50% of people.7 The ligament is crossed by the tibialis posterior and 
flexor digitorum longus tendons.

The spring ligament or plantar calcaneonavicular ligament spans 
from the sustentaculum tali to the navicular and fuses with the 
distal fibres of the anterior portion of the deltoid ligament8 
(Fig. 57.16).

Anterior ankle

The anterior aspect of the ankle is best examined with the patient 
sitting and the foot relaxed. The anterior tendons are well demon-
strated in this position (Fig. 57.17A and B).

The anterior joint can also be visualised at this point (Fig. 57.18).
The anterior tendons and muscles across the ankle are from 

medial to lateral Tibialis anterior, extensor Hallucis and extensor 
Digitorum (‘Tom Hates Dick’). The tibialis anterior arises from the 

Figure 57.14 Transverse ultrasound image of the sesamoid 
bones of the great toe with the flexor hallucis longus tendon 
centrally.

Sesamoids

Flexor hallucis
longus

Figure 57.15 Longitudinal ultrasound image of deltoid 
ligament, superior medial component; the tibiocalcaneal segment.

Deltoid ligament

Figure 57.16 Longitudinal ultrasound image of spring 
ligament under the tibialis posterior tendon.

Spring ligament

Tibialis posterior

Figure 57.17 A: A patient sitting with the probe on the anterior aspect of the ankle. B: Tibialis anterior tendon.

A B
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proximal lateral tibia and passes under the superior and inferior 
extensor retinacula to attach to the inferior and medial aspect of the 
medial cuneiform and the adjacent base of the first metatarsal. The 
tibialis anterior tendon is the most commonly affected tendon in 
the anterior aspect of the foot from inflammatory arthropathy or 
overuse injury. A split of its distal portion is a normal variant seen 
in around 18% of individuals, with attachments to the talus, first 
metatarsal head, base of the proximal phalanx of the great toe and 
the extensor retinaculum having been recorded.

Extensor hallucis longus arises from the medial and middle 
fibula and anterior intraosseous membrane. Its tendon passes under 
the extensor retinacula laterally and inserts into the base of the 
proximal phalanx of the great toe. Sometimes it unites with the 
extensor digitorum tendon to send a second slip to the second toe.

The extensor digitorum longus arises from the lateral condyle of 
the tibia, proximal and medial surface of the fibula, anterior intraos-
seous membrane and muscular septa. The tendon passes under the 
superior extensor retinaculum and forms four slips as it passes 
under the inferior retinaculum with the peroneus tertius. The 
tendons of the second, third and fourth toes are joined by the 
tendons of extensor digitorum brevis at the level of the MTP joints, 
laterally. The dorsal expansions are formed at the level of the proxi-
mal phalanges with contributions from the interosseous muscles 
and the lumbricals. The tendon splits into three, forming a central 
slip that attaches to the base of the dorsum of the middle phalanx 
and two collateral slips that insert into the base of the distal phalanx 
dorsally.

The foot

The dorsum of the foot is best assessed with the patient sitting and 
the sole of the foot resting on the couch (Fig. 57.19). To study the 
plantar aspect the patient should be supine with the hips and  
knees extended, the heel on the couch and the toes pointing up  
(Fig. 57.20).

Lateral ankle (Fig. 57.1)

The lateral aspects of the ankle are best assessed with the patient 
sitting, the knee flexed and the leg pushed slightly inwards (Figs 
57.10, 57.11).

Figure 57.18 Ultrasound image of the anterior ankle mortise 
joint with the probe in a similar position as shown in Figure 57.17.

Mortice joint

Figure 57.19 A patient sitting with the probe on dorsum of 
the foot to see the midfoot bones and ligaments.

Figure 57.20 A patient sitting with the probe on the plantar 
aspect of the foot looking for a Morton’s neuroma.

The lateral tendons of the ankle are the peroneus longus and the 
peroneus brevis. The peroneus longus muscle arises from the 
lateral aspect of the proximal fibula and adjacent deep fascia and 
intermuscular septa and occasionally from the lateral condyle of the 
tibia. The peroneus longus tendon passes around the outer edge of 
the ankle behind the lateral malleolus and ‘goes a long way round’. 
It enters a tunnel formed by a groove in the fibula which has the 
superior peroneal retinaculum as its roof. It travels with the per-
oneus brevis tendon and then runs in a canal formed by a groove 
on the plantar aspect of the cuboid and the long plantar ligament. 
At this point it may contain a sesamoid bone, the os peroneum. The 
distal tendon splits and inserts into the base of the lateral side of 
the first metatarsal and the medial cuneiform. The peroneus brevis 
has a more distal musculotendinous junction than peroneus longus. 
A transverse image at the level of the ankle may show the peroneus 
longus tendon and the peroneus brevis tendon with part of its 
muscle (Fig. 57.21). Peroneus brevis inserts into the lateral tubercle 
on the base of the fifth metatarsal.

The peroneal tubercle on the anterolateral aspect of the calcaneus 
splits the peroneus longus from the brevis in 60% of people, with 
the peroneus longus lying inferiorly7 (Fig. 57.22).
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the back of the calcaneus in an upright oblique position (Fig. 
57.24A and B). By putting some stress on the lateral aspect of 
the ankle with the foot in inversion these ligaments  
can be better assessed, resolving doubts about their mechanical 
integrity.

Normal variants include the peroneus tertius and peroneus 
quartus muscles. The peroneus tertius (fibularis tertius) is seen as 
an additional tendon9 and appears to be part of the extensor digi-
torum longus (EDL) arising from the distal third of the fibula, adja-
cent interosseous membrane and intermuscular septum. It shares 
space with the EDL within the inferior extensor retinaculum loop 
and inserts into the medial and dorsal base of the fifth metatarsal. 
It can also insert into the fourth metatarsal and is present in approxi-
mately 17% of people.10 The peroneus quartus lies posterior to 
peroneus brevis and longus and inserts into the calcaneus.11

The anterior and posterior inferior tibiofibular ligaments add 
support to the tibiofibular syndesmosis with the transverse tibi-
ofibular ligament and the interosseous ligament.

Figure 57.21 Transverse ultrasound image of the peroneal 
tendons at the level of the lateral malleolus.

Peroneus longus
Peroneus brevis

Figure 57.22 Transverse ultrasound image of the peroneal 
tendons at the level of the peroneal tubercle.

Peroneus longus

Peroneus brevis

Figure 57.23 Anterior talofibular ligament. A: A patient lying with their lateral ankle uppermost, lying slightly on the hip, with the foot in 
slight inversion and the probe parallel to the base of foot to examine the ATFL. B: Ultrasound image of the ATFL with the probe in the 
position shown in A.

A B

The ligaments are identified as echogenic bands when the probe 
is perpendicular to their axis. If even a small tilt in the incident 
beam is allowed then the ligament will appear hypoechoic due to 
anisotropy and may aid the examiner in identifying the course of 
the ligament, which is sometimes easier to identify when seen as a 
darker structure.

The lateral ligamentous complex is composed of the anterior 
and posterior talofibular ligaments and the calcaneofibular liga-
ment and is more commonly injured than the medial ligamentous 
complex. The anterior talofibular ligament (ATFL) is easily identi-
fied by scanning from the fibula to the calcaneus with the probe 
position parallel to the base of the foot whilst the foot is inverted 
(Fig. 57.23A and B). If the ultrasound probe is then moved in a 
proximal direction from the ATFL, the anterior tibiofibular liga-
ment can be identified. The calcaneofibular ligament is the largest 
ligament in the ankle and is seen as a broad band parallel to the 
posteromedial calcaneus extending under the peroneal tendons to 
the distal fibula. It is identified by placing the probe parallel to 
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The common peroneal nerve divides into superficial and deep 
branches at the level of the proximal part of the peroneus longus 
and gives branches to the toes. These structures can be identified 
using ultrasound examination.

Plantar aspect of foot

The plantar fascia is the fibrous tissue that helps support the arch 
of the foot and extends from the undersurface of the calcaneus to 
the rays of the foot. It arises from an enthesis on the calcaneus 
within a small bony indentation. At this point it is normally less 
than 4 mm in depth. As the fascia passes distally to insert on the 
bases of the proximal phalanges, it fans out and its depth dimin-
ishes to about 2 mm. It is a predominantly low-echogenicity struc-
ture although high-resolution images will show linear areas of 
higher echogenicity as it is formed of several layers producing a 
striped dark–light–dark–light–dark pattern making approximately 
five layers12,13 (Fig. 57.25A and B).

Figure 57.24 Calcaneofibular ligament. A: A patient lying with their lateral ankle uppermost, lying slightly on the hip, with the foot in 
slight inversion and the probe parallel to the back of the foot to examine the CFL. B: Ultrasound image of the CFL with the probe in the 
position shown in A.

A B

Figure 57.25 A and B: Longitudinal ultrasound image taken of plantar fascia at the heel (A) and in the midfoot (B).

A B

Important anatomy to know in the foot

• Plantar fascia
• Tarsal bones
• Flexor hallucis longus
• Flexor hallucis brevis
• Chopart ligaments
• Lisfranc ligaments
• Extensor hallucis brevis
• Dorsalis pedis artery
• Intermetatarsal bursa

The plantar fascia can be examined with the patient prone with 
the feet dangling off the edge of the bed or the toes resting on the 
couch, or supine with the heel on the couch and the toes pointing 
up (Fig. 57.26). Copious amounts of gel are needed as the thick dry 
skin on the base of the foot can sometimes cause dragging of the 
ultrasound probe.
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DISEASE PROCESSES

Posterior ankle

Achilles tendinopathy
Early in tendinopathy there may be thickening of or a small amount 
of fluid in the paratenon. The tendon itself is swollen and focally 
hypoechoic due to oedema. More pronounced focal hypoechoic 
areas are due to central delaminating tears or mucoid degeneration 
(Fig. 57.28) Neovascularisation represents a repair process and cor-
relates with pain. It can be florid in acute tendinopathy (Fig. 57.29). 
Chronic tendinopathy results in diffuse swelling of the tendon, and 
some reduction in echogenicity. Neovascularisation may be absent 
and there may be focal calcification.

There is debate over the safety and efficacy of injections in and 
around tendons. There is general consensus that ultrasound guid-
ance is an advantage as it allows accurate placement whilst avoid-
ing damaging tendons and the neurovascular structures. However, 
there is evidence that anaesthetic agents placed near tendons with 
intrinsic disease render the tendon at risk of rupture due to 

The short muscles of the foot and the long tendons that pass 
around each malleolus and over the anterior (superior) aspect of 
the foot are each bound by retinacula. All these structures can be 
identified using ultrasound. The amount of fluid in each tendon 
sheath should normally be less in cross-section than the tendon 
itself with the exception of the flexor hallucis longus tendon sheath, 
which commonly communicates with the ankle joint. A joint effu-
sion can increase the fluid volume in the FHL tendon sheath. 
Although this is the result of an anatomical variant it is not normal 
and is a reflection of disease in the ankle.

Detailed knowledge of bony architecture is needed. More than 
140 accessory ossicles have been described in the foot. The most 
frequently found are the os trigonum behind the ankle joint and an 
accessory navicular at the tibialis posterior tendon insertion.

Interosseous ligaments span the midfoot joints and are seen as 
echogenic bands joining the bone surfaces. Dynamically stressing 
the foot tightens these ligaments and increases their conspicuity. 
This test confirms structural integrity in cases of suspected chronic 
instability but may be difficult to achieve in painful acute injuries 
(Fig. 57.27).

Figure 57.26 A patient lying prone with the probe on the 
calcaneus insertion of the plantar fascia.

Figure 57.27 A longitudinal image of the Chopart ligament.

Examination technique for the ankle and foot

• High frequency probe 12 MHz and above, preferably a small 
‘hockey stick’ probe for small structures.

• Lots of thick gel especially on the plantar aspect of the foot.
• Comfortable position for patient.
• Prone position for plantar fascia, Achilles tendon and other 

posterior structures.
• Supine and sitting for the anterior ankle and forefoot.
• Supine and on one side for medial and lateral ankle structures.

Figure 57.28 Extended field-of-view longitudinal ultrasound 
image of the Achilles tendon with the foot in dorsiflexion showing 
fusiform swelling and some reduction in echogenicity in a 
tendinosis.
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Figure 57.29 Longitudinal power Doppler ultrasound image 
of the mid Achilles tendon with the foot relaxed showing 
neovascularisation in an acute tendinosis.

Figure 57.30 Extended field-of-view longitudinal ultrasound 
image of the Achilles tendon with the foot in dorsiflexion showing 
a complete rupture of the tendon.

inadvertent loading. Corticosteroid injection may worsen this risk 
by extending the period of analgesia and reducing the healing 
response. If injections around abnormal tendons are being offered 
it should be with an agreed period of mechanical splint 
protection.

Currently there are no randomised controlled trials to support 
treatments such as local anaesthetic and steroid injection, dry nee-
dling of the tendon, injection of autologous blood, saline stripping 
and injection of sclerosing substances which are discussed further 
in the interventional chapter (Chapter 62).

Tendon tears
Most Achilles ruptures are due to an abnormal load being placed 
through an ageing and therefore less elastic tendon.

Complete tears of the Achilles tendon frequently result in a pal-
pable defect in the tendon, inability to stand on tiptoes and are 
clinically obvious. However, soft tissue swelling may obscure the 
defect and the patient may still be able to stand on tiptoes if the 
plantaris tendon is intact. Ultrasound examination is useful to 
confirm the nature, location and extent of a tear.

The ends of the torn tendon are often thickened and irregular as 
the tendon buckles (Fig. 57.30). Edge artefact from the tendon 
remnant may be present. The defect in the tendon fills with a local-
ised haematoma which may be echo-free (liquid) or contain particu-
late debris (clot and fibrin). There is often extensive soft tissue 
oedema and, within a short period, adjacent neovascularisation.

Dynamic examination by plantar/dorsiflexion of the foot may 
make a tear more conspicuous and shows if the tear margins 
become apposed on plantarflexion. The latter observation will help 
to decide whether conservative treatment in an ‘equinus’ (plantar-
flexed) plaster will be effective. If surgery is being considered, 
marking the tendon ends on the skin with the foot in an agreed 
(normally neutral) position will aid the surgeon and permit smaller 
incisions. Accurate placement of the markers permits effective sur-
gical repair under local anaesthesia.

Partial ruptures tend to affect one component of the Achilles 
(gastrocnemius or soleal) and are identified as a focal defect bridged 
by the intact portion. Dynamic testing is the most effective means 
of determining the integrity of all or part of the tendon. Even in the 
most acute injury the degree of motion required to show tendon 
separation is rarely painful and is normally less than 1 cm of move-
ment of the toes. Review of the cine loop acquired by capturing a 
dynamic examination gives the clearest picture of the nature of the 
tear. The stress may be applied by passively moving the foot or 
manually compressing the calf muscles. Voluntary movement may 
be difficult in acute injury.

The plantaris tendon should be visualised if present. It may have 
a tendinopathy or tear as well. If intact it can be used to surgically 
reinforce the ruptured Achilles.

Bursitis
Bursitis leads to thickening of the bursal wall, fluid in the bursa and 
adjacent neovascularisation (Fig. 57.29). Bursitis may be the result 
of inflammatory joint disease, infection or chronic impingement. 
The ultrasound appearances are similar and non-specific. Fluid in 
the bursa with or without particulate matter, wall thickening and 
adjacent neovascularisation may be observed. The clinical circum-
stances and history are important discriminating features. In cases 
suspected of infection ultrasound-guided aspiration for microbio-
logical examination is effective and easy to perform. Exudates 
should also be examined for crystals in case of gout or pseudo-gout 
(Fig. 57.31).

Enthesopathy
Enthesopathy results in focal tenderness and pain at the Achilles 
tendon insertion. It is seen as roughening of bone at the attachment 
of the tendon, oedema in the tendon and neovascularity in the 
tendon and surrounding soft tissues (Fig. 57.32). Focal tenderness 
and pain are the principal clinical features and ultrasound localisa-
tion is helpful in determining which tendon insertion hurts. Ultra-
sound examination is less sensitive than T2-weighted fat-suppressed 

Figure 57.31 Longitudinal ultrasound image of the distal 
Achilles tendon with the foot in dorsiflexion showing post Achilles 
bursitis.
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Figure 57.32 Enthesopathy. A: Longitudinal ultrasound image of the distal Achilles tendon showing enthesopathy with marked 
roughening of the cortex of the calcaneus. B: Same case as A with colour Doppler.

A B

or STIR MRI sequences in demonstrating oedema in the enthesis. 
Only MRI can demonstrate the oedema sometimes seen in the bone. 
However, ultrasound is a reasonable first examination as it is fast, 
excludes tears and detachments and localises the symptoms to a 
specific structure. MRI is rarely of additional diagnostic value 
despite its superior sensitivity to oedema.

Haglund’s deformity is thought to be due to footwear with a 
high-backed shoe causing an extra portion of bone to arise from the 
posterior calcaneus. This leads to focal pressure on the Achilles  
and a focal tendinopathy. The deformity and any associated  
neovascularisation in soft tissue are well defined by ultrasound 
examination.14

Xanthomata and calcific mass lesions
Xanthomatous or gouty deposits produce echogenic foci in the 
Achilles tendon. Calcium deposits are especially reflective and  

cast acoustic shadows. They are much more readily seen using 
ultrasound examination than with conventional radiographs or 
MRI.

Medial ankle

Tendons

Tibialis posterior

The second most likely tendon to cause symptoms in the ankle, the 
tibialis posterior tendon, may be affected by the same range of 
diseases as the Achilles including tears, tendinopathy and inflam-
matory conditions. Internal splits or delamination are common and 
typically seen around the medial malleolus where the tendon turns 
the corner.

Figure 57.33 Tibialis posterior tendinopathy. A: Transverse ultrasound image of a tibialis posterior tendinopathy with internal splits 
(arrows). B: Power Doppler image of the same tendon as in A.

A B

Tibialis posteriorFlexor digitorum
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Figure 57.34 Longitudinal ultrasound image of a complete 
rupture of the tibialis posterior tendon.

Retracted tendon

Ultrasound examination is probably the most sensitive method 
of delineating these conditions. Axial images of the tendon are best 
to show delamination and neovascularity whilst longitudinal views 
demonstrate tears (Fig. 57.33A and B). The tendon may be swollen 
or thinned, irregularly marginated and contain heterogeneous hyp-
oechic areas or frank defects. Its tendon sheath may be distended 
with fluid and neovascularity may be present.

The insertion of the tendon onto the navicular is seen as a fan-
shaped widening with a less clearly visualised extension of the 
remainder of the tendon under the forefoot.

Rupture and retraction tends to occur around the malleolus (Fig. 
57.34). The acute dropped arch with an everted hind foot typically 
seen in older women is often attributed to tibialis posterior rupture 
but ultrasound has shown that there is often an acute tendinopathy 
with an intact tendon and loss of function.15

Flexor tendons

The flexor digitorum and flexor hallucis longus tendons are best 
located by moving the appropriate digit whilst imaging in axial 
section. The tendon moves with the toes.

These tendons are affected by the same conditions including 
tendinopathy acute and chronic, atrophic tendinopathy and the 
rarely hypertrophic tendinopathy. These probably reflect the same 
mechanisms but different expressions depending on the local 
trauma and repair response. The flexor hallucis longus tendon 
sheath very often communicates with the ankle joint so that fluid 
in the ankle joint may track into an otherwise normal tendon sheath, 
indicating joint disease rather than tendon disease.

Ligaments
The medial ligament complex is uncommonly injured; the deltoid 
more commonly than the spring ligament especially in bimalleolar 
fractures.16 There is a high association with tibialis posterior tendon 
injuries and osteochondral damage to the talar dome. When injured 
it is most commonly the superior-medial portion of the ligament 
that is damaged first.

Imaging medial ligament damage is difficult whether using ultra-
sound or MRI, They are thin and short structures with sometimes 
curved courses, especially when not under load. The advantage of 
ultrasound examination is that the ligament may be tensed by 
loading the foot and ankle, thereby increasing its conspicuity and 
confirming or refuting the suspicions of rupture. If the bones move 
apart excessively then the ligament is deficient. The normal limit 
for a patient can be judged by examining the opposite side. This  
is especially useful in younger patients where ligament laxity may 
be normal.

Using ultrasound imaging, ligaments appear as laminated echo-
genic lines between the bone margins. If the beam is slightly away 
from a true 90° to the ligament then anisotropy causes the ligament 
to appear black. The position where it appears echogenic is a very 
limited angle. To recognise a tear when there is no oedema or hae-
matoma (chronic) is difficult unless the examiner is very confident 
of the normal appearances. It is always harder to determine if a 
structure is missing. Despite this, those used to examining liga-
ments with MRI and ultrasound usually prefer the latter as more 
specific, faster and easier to interpret.

The spring ligament lies deep to the distal part of the tibialis 
posterior tendon. It is readily found using ultrasound and larger 
tears may be identified. More subtle tears and deficiencies may be 
harder to detect than with other ankle ligaments as its course is hard 
to examine in profile and stress is difficult to achieve.8,17

Joints
Joint effusion is best detected using ultrasound examination; the 
capsule is distended and displaced by the fluid, which is most often 
echo-free. Occasionally echogenic effusions are seen in fresh hae-
marthroses and in inflammatory joint disease. Dynamic assessment 
of fluid motion differentiates echogenic effusions from synovial 
proliferation.

The joint can be affected by an inflammatory arthropathy, when 
synovitis and neovascularisation can be seen. In severe ligamentous 
injury, synovitis may be seen secondary to instability of the ankle.

In athletes (especially soccer and hockey players) anterolateral 
gutter syndrome can occur when there is focal synovitis associated 
with impingement. This is initially a thickening of the synovium 
with neovascularisation but may become a chronic synovitis. Fibro-
sis results in reduced echogenicity of the synovium with no vascu-
larity, although occasionally synovial calcification occurs. The 
synovitis acts as a mass lesion and may produce a mechanical block 
to the ankle.18 Ultrasound examination has been shown to be a 
sensitive method of making this diagnosis largely because of the 
dynamic component of the examination. Moderate pressure on the 
malleoli will compress the synovitic mass, causing it to emerge 
anteriorly. This looks like a ‘mushroom’ pushing out of the gutter 
(Fig. 57.35).

Osteoarthritis may be diagnosed when bone spurs are seen at the 
joint margins. A ganglion can arise from the joint in association with 
degenerative arthropathy and is seen as an anechoic mass. A neck 

Figure 57.35 Ultrasound image of the synovitis seen 
‘mushrooming’ from the ankle joint in the lateral gutter syndrome.
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The most common site of injury is the lateral ligament complex 
and the ATFL is the most common of these ligaments (Fig. 57.37). 
Injury to the calcaneofibular ligament (CFL) is often associated with 
peroneal tendon injury. This is a more serious injury and occurs in 
approximately 30% of cases of sprain. The anterior tibiofibular liga-
ment is a component of the syndesmosis and if this is injured a 
diastasis may result. Injury can lead to an avulsion of a small frag-
ment of bone at the attachment of the ligament. This may not be 
visible on plain radiographs but is usually easily detected on ultra-
sound examination.

The most important ligament structurally is the calcaneofibular 
ligament. It is difficult to examine with MRI as its course is so vari-
able. The tilt or axis of the ligament varies from almost horizontal 
to close to vertical. The optimum MR plane is hard to find and the 
ligament may be seen partly and obliquely on several slices. As  
a result its integrity is hard to judge. Using ultrasound a simple 
rotation of the probe allows the correct alignment in a moment  
and then inversion load shows the integrity of the ligament  
immediately after.

Sinus tarsi syndrome is best examined using MRI where focal 
oedema assists its detection. Ultrasound examination may suggest 
that the pain arises in the anatomical location but will give little 
more information.

Anterior ankle

In the anterior tendons it is unusual to see tendinopathy with the 
exception of the rheumatoid patient, when the tibialis anterior 
tendon may be involved (Fig. 57.38).

Joint disease
Osteophytes may be seen around the ankle, especially in athletes 
where they often arise from the talar neck or the anterior distal tibia. 
Commonly seen entities are the osteophytes seen arising from the 
anteromedial talar neck in ‘footballer’s ankle’ due to the impaction 
of the ball on the anteromedial talus.

Bone
Stress fractures of the fibula are the only common stress fractures 
encountered in the ankle and may be seen as a laminated focal 
periosteal reaction. The double line on the bone surface that results 

or isthmus extending from the joint to the mass indicates the origin 
of the ganglion and is specific for the diagnosis (Fig. 57.36).

Transient subluxation of joints secondary to ligament injury or 
laxity may be observed dynamically using ultrasound or equally by 
fluoroscopic examination.

The subtalar joint cannot be adequately examined with  
ultrasound and is better examined using MRI and computed 
tomography.

Neurovascular bundle
Neuromas and schwannomas of the tibial nerve are relatively  
hypoechoic masses. They are considered in more detail in  
Chapter 61.

Aneurysms and varicosities of the posterior tibial vessels appear 
tubular or ovoid. There may be areas of internal blood clot which 
are echogenic. The nature and waveform of flow will determine the 
type of vessel when the parent structure is not obvious.

Tarsal tunnel syndrome may be identified by enlargement of the 
tibial nerve as it enters the region under the malleolus19 or by the 
presence of an accessory flexor digitorum longus muscle,20 ganglion 
or other mass lesion.

Lateral ankle

Tendons
The peroneal tendons are affected by the same range of conditions 
as are the tendons on the medial side of the ankle. In disease proc-
esses often the peroneus brevis tendon becomes flattened and the 
peroneus longus erodes the centre of the tendon, eventually leading 
to splits in the tendon.

The imaging criteria and examination methods are the same with 
one exception: these tendons are held beneath the lateral malleolus 
by a retinaculum that may tear, leading to transient or sometime 
permanent subluxation. The clicking painful sensation that occurs 
is associated with a flicking of the tendons over the malleolus. Axial 
imaging with ultrasound, whilst dynamically loading to the point 
of the symptoms by inverting the foot, is the only way of confirming 
transient subluxation.

Ligament injury
All of the ligaments around the ankle can be torn either completely 
or partially.

Figure 57.36 Ultrasound image of ganglion arising from a 
midfoot joint.

Isthmus of ganglion Ganglion

Figure 57.37 Longitudinal ultrasound image of a complete 
rupture of the ATFL with small avulsion fractures from the talus.

Avulsion fragments
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a bursa is present. Any non-compressible area is usually due to a 
Morton’s neuroma.21

Ultrasound is the best way of making this distinction. Bursitis is 
high signal on T2-weighted and STIR MRI images. The neuroma 
may be low to intermediate signal but if oedematous it may look 
identical to bursitis. If the neuroma is large (over 1 cm) then the 
possibility of other nerve-related tumours should be considered 
including schwannomas and neurofibromas. Large swellings on the 
interdigital nerve that cause deviation of the digits should be 
excised. Ultrasound-guided injections of long-acting local anaes-
thetic and corticosteroids or alcohol are used in many centres but 
their efficacy is debated.22 Studies on injections of alcohol suggest 
that repeated injections are needed to obtain benefit.23

Other causes for forefoot pain include metatarsalgia, which is not 
seen on ultrasound examination and for which MRI is needed.24 
However, when assessing the forefoot the position of the metatarsal 
heads should be assessed. Often in forefoot pain and even in the 
presence of a Morton’s neuroma one of the metatarsal heads lies in 
a more plantar position than the other metatarsal heads. There may 
be crowding of the metatarsal heads with impingement that can be 
observed when manually compressing the foot from side to side. 
The patient’s response to compression is a useful pointer to this 
diagnosis. MRI shows oedema in the metatarsal head and confirms 
metatarsal impingement as the cause of pain.

Stress fractures are a cause of forefoot pain sometimes identified 
using ultrasound. It helps to palpate the area of pain and then place 
the probe on the area of bone that is tender. A stress fracture with 
cortical reaction will be seen as a focal irregularity of the cortex of 
the bone with periosteal oedema and neovascularisation. If ultra-
sound is normal and a stress fracture is suspected MRI is required. 
MRI is superior to ultrasound, shows bone oedema on T2-weighted 
or STIR images and the fracture line on T1-weighted images.  
Conventional radiography may overlook stress fractures and the 
presence of a normal radiograph does not exclude the diagnosis.

Other causes of forefoot pain

Pain in the great toe can be due to flexor hallucis longus tendinopa-
thy but is more commonly due to sesamoiditis, inflammation 
around the sesamoid bones within the flexor hallucis brevis tendon. 
This most often affects the medial sesamoid and may show ultra-
sound signs of local oedema (swelling and reduced echo pattern) 

is easily detected using ultrasound. Callus and cortical defects are 
also sensitively detected. However, in early stress lesions, before the 
cortex or periosteum are affected, MRI shows bone oedema and is 
the more sensitive test to exclude stress lesions.

An ankle effusion following acute trauma may herald the pre-
sence of an osteochondral fracture or intra-articular lesion and MRI 
is then recommended to assess for cartilage or occult fractures.

Plantar fasciitis, fibromatosis and fibroma

Plantar fasciitis is common and causes pain predominantly on the 
heel but also extending typically into the medial aspect of the 
plantar fascial arch. Ultrasound examination often shows reduced 
echogenicity of the plantar fascia with loss of the normal linear echo 
change and an increase in thickness (4 mm or more) (Fig. 57.39). In 
the acute phase there may be some neovascularisation but com-
monly this is not is observed. An associated enthesopathy with 
roughening of the cortex of the calcaneus at the insertion of  
the plantar fascia suggests the possibility of an inflammatory 
arthropathy.

Fibromatosis is an irregular thickening of the plantar fascia with 
reduction of echogenicity and loss of the normal linear echo pattern. 
It can be focal (a fibroma) or diffuse when it is irregular in outline. 
There is often a family history as the condition is inherited as an 
autosomal dominant and it is associated with Dupuytren’s contrac-
ture in the hand. Fibromas may be part of a generalised disorder or 
may occur in isolation. There are rare cases of malignant fibrous 
lesions and sarcomas in the same structures.

Morton’s neuroma is seen between the metatarsal heads pre-
dominantly at the third/fourth or second/third web spaces (Fig. 
57.40), especially in middle-aged women. ‘Neuroma’ is a misnomer 
as this is a thickening of fibrous tissue around and involving the 
interdigital nerve rather than a true neuroma. A Morton’s neuroma 
may be asymptomatic and may not be the cause of a patient’s pain. 
The neuroma is often associated with a bursitis when the patient is 
symptomatic.

Morton’s neuromas are round or oval, well defined and usually 
hypoechoic although increased echogenicity or cystic areas may be 
seen. Morton’s neuroma and an intermetatarsal bursa/bursitis may 
coexist. If the transducer is held on the plantar aspect of the foot 
and the operator presses the skin on the dorsum of the foot, com-
pression of the mass or alteration of its echogenicity indicates that 

Figure 57.39 Longitudinal ultrasound image of plantar 
fasciitis.Figure 57.38 Longitudinal ultrasound image of a tibialis 

anterior tendinopathy seen in rheumatoid arthritis.

Tibialis anterior
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Traumatic lesions
Traumatic lesions around the foot can include ligamentous disrup-
tion and ultrasound can be used for this. In the authors’ practice, 
however, MRI using a 3T scanner is the preferred imaging method 
as fractures can also be excluded. Ultrasound has a secondary role 
in judging the dynamic stability of ligament injuries; the joint may 
be examined with and without stress and compared to the unaf-
fected side.
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Figure 57.40 Longitudinal ultrasound image of a Morton’s neuroma (A) pre compression and (B) post compression showing the 
presence of an associated bursitis also.

A B
Bursal fluid

Disease processes

• Tendinosis – fluid and synovial thickening in the tendon sheath, 
intrinsic change within the tendon with a reduction in 
echogenicity. May show focal low echoes in keeping with mucoid 
degeneration (misnomer cysts).

• Partial tendon tear – disruption of some of the tendon fibres.
• Complete tendon tear – disruption of the tendon fibres and 

dynamic assessment shows the tendon ends moving apart.
• Partial ligament tear – disruption of some of the ligament fibres.
• Complete ligament tear – disruption of the ligament fibres and 

dynamic assessment shows the ligament ends moving apart. 
Sometimes the ligament avulses a small bone fragment that may 
not be seen on radiographs.

• Stress fractures – cortical irregularity and increased colour 
Doppler signal beside the bone cortex.

• Morton’s neuroma – low-echo lesion in web space at level of 
metatarsal head that does not compress.

• Intermetatarsal bursitis – low-echo lesion in web space at level of 
metatarsal head that compresses.

• Ganglion versus solid lesions – a ganglion should appear ‘cystic’ 
ie anechoic with distal acoustic enhancement.
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Rob Campbell

INTRODUCTION

Evaluation of a soft tissue mass is a common indication for ultra-
sound (US) examination of the musculoskeletal system. The cause 
of the mass may be apparent on clinical examination, but frequently 
the diagnosis is uncertain. US may provide an image-specific diag-
nosis. More critically it aids the clinician in determining a manage-
ment plan.

The causes of soft tissue masses vary from pseudo-masses to 
primary soft tissue sarcomas (STS). Most masses are benign. STS 
accounts for about 1% of all malignancies1 and has an incidence of 
approximately 20 per million per year. Soft tissue metastases from 
other primary malignancies are rarer, with the exception of regional 
lymph node metastases. Even in regional sarcoma centres, primary 
STS comprises less than 10% of case load.2

Clinical findings that raise suspicion of a sarcoma include:
n mass >5 cm
n mass increasing in size
n mass deep to the fascia
n pain.

However, many lesions that include one or more of these char-
acteristics are benign. Conversely some sarcomas may not fulfil any 
of the above criteria, or may be mistaken clinically for other proc-
esses. Imaging complements the clinical examination and may help 
to reduce the incidence of ‘whoops’ lesions, where an unsuspected 
STS is incompletely excised without a preliminary diagnosis.

Magnetic resonance imaging (MRI) and US are complementary 
methods for imaging soft tissue mass lesions. Both have advantages 
and disadvantages. A good rule of thumb is to reserve MRI for 
deeper and larger soft issue masses. US is particularly useful for 
small superficial masses. When an image-specific diagnosis cannot 
be made, referral to the regional sarcoma service is recommended. 
Biopsy should not be performed outside a sarcoma centre except 
for regional lymph nose metastases. It may be appropriate to 
perform excision biopsy on small non-specific soft tissue masses. 
However, masses of indeterminate nature that fulfil any of the 
suspicious criteria should not be surgically excised without prior 
consultation with the sarcoma multidisciplinary team.

Lesions that may present as a soft tissue mass

• Pseudo-tumours
• Bursae and cysts
• Proliferative synovial disorders
• Surface lesions of bone
• Inflammatory masses
• Benign soft tissue tumours
• Regional lymph node metastases
• Primary soft tissue sarcomas
• Soft tissue metastases
• Soft tissue lymphoma
• Soft tissue extension of bone tumours
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imaging and beam steering reduce anisotropic effects and facilitate 
lesion detection in anisotropic tissues such as muscle. Doppler 
imaging should be employed to assess the vascularity of masses 
and surrounding soft issue structures.3

Refractile shadowing is often seen at the edge of lesions and may 
help to identify masses which share a similar echodensity to sur-
rounding soft issues. Compound imaging reduces refractile shad-
owing.5 If no mass is immediately apparent it is worthwhile 
employing frequency harmonic imaging. Acoustic enhancement is 
usually encountered with cysts and other fluid-filled lesions, but 
may also occur in association with echo-poor solid masses.

When a lesion has been identified its US characteristics should be 
evaluated in order to define the differential diagnosis.

Size and shape

Size alone is not a discriminating factor, but only 5% of benign soft 
issue tumours exceed 5 cm in diameter.6 Larger lesions increase the 
index of suspicion for malignancy.

Sarcomas tend to grow in a centripetal fashion7 and are usually 
round or ovoid. Some lipomas that grow within the intrafascial 
layer may have a lenticular morphology and can attain quite large 
transverse dimensions, whilst remaining no more than a few mil-
limetres in depth (Fig. 58.3). The size and shape of the mass should 
be documented as clinical evaluation may be difficult for deep 
lesions or if there is prominent subcutaneous fat.

Location

Compartmental involvement is important as it directly influences 
differential diagnosis, tumour staging and surgical management.8 
The mass may be subcutaneous, intramuscular, intermuscular, or 
may arise from nerves, blood vessels, joints, bursae or tendons. 
Masses that cross more than one compartment are usually malig-
nant or inflammatory, although many STS are confined to one  
compartment until late in the disease.7 Bone or neurovascular 
involvement is a predictor of malignancy.6

Some tumours have a tendency to occur at specific sites, e.g. a 
small, round mass in the second or third intermetatarsal space of 
the foot is likely to be a Morton’s neuroma.

Figure 58.1 Soft tissue mass/Ewing’s sarcoma. Panoramic greyscale (A) and Doppler (B) sonograms of a 16-year-old female patient 
presenting with a soft tissue mass of the lower limb. There is a vascular soft tissue mass which lies in contact with the underlying cortex of 
the fibula with irregular areas of cortical destruction (white arrow). Radiographs revealed a typical Ewing’s sarcoma of bone.

A B

Soft tissue masses that may be painful

• Abscesses
• Inflammatory bursae
• Ganglion cysts
• Neural sheath tumours
• Thrombosed varicose veins
• Nodular fasciitis
• Rapidly growing sarcomas
• Soft tissue metastases

ULTRASOUND TECHNIQUE

A thorough US technique is required at the site of a soft tissue 
swelling to avoid overlooking a lesion. All layers of the soft tissues 
should be examined from the subcutaneous tissues to the periosteal 
surface of the underlying bone. Good knowledge of musculoskel-
etal anatomy is needed to recognise individual muscle groups and 
major neurovascular bundles. Radiographs should be obtained. 
Surface lesions of bone or bony malignancies with soft tissue exten-
sion may present as soft tissue masses (Fig. 58.1). Radiographs are 
also recommended if there is soft tissue calcification, or when there 
is suspected joint involvement.

The sonologist should take a history from the patient and perform 
a clinical examination, as pertinent information may be elicited, e.g. 
a history of previous local trauma. The age and sex of the patient 
and relevant clinical findings such as skin changes or the presence 
of pain should be recorded in the radiological report as this helps 
define the differential diagnosis.

Although high-frequency linear array probes (10–15 MHz) are 
most appropriate for evaluation of musculoskeletal structures, 
lower-frequency probes and even curvilinear array probes may be 
required for larger and deeper masses. Extended field-of-view 
imaging is particularly useful for demonstrating the entire lesion 
and its relationship to other structures.3 Accuracy of measurements 
from panoramic images is within 5%.4

Compound imaging and frequency harmonic imaging improve 
image contrast and lesion conspicuity (Fig. 58.2). Compound 
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Exceptions include aggressive or deep fibromatoses, which often 
have irregular or spiculated borders (Fig. 58.5) and satellite lesions. 
Irregular borders are also typical of inflammation, lymphoma and 
soft tissue metastases and may occur in benign tumours such as 
haemangiomas and some intramuscular lipomas.

Echo pattern

Soft tissue masses vary from anechoic to brightly echoic. An ane-
choic mass with posterior acoustic enhancement is the hallmark of 
a cystic or fluid-filled lesion. Lipomas are often brightly echoic and 
similar in echo pattern to adjacent subcutaneous fat. Many soft 
tissue masses are hyporeflective compared to adjacent structures. 
Benign and malignant tumours may be composed of more than one 
mesenchymal tissue type and appear heterogeneous on US. Hetero-
geneity due to haemorrhage or central necrosis is most frequently 
seen in STS,6 and lymphoma. Distinguishing necrotic tumours from 
simple haematomas and abscesses may be difficult.

Calcification

Mineralisation may be present and vary from complete ossification 
to foci of calcification of variable size, appearance and location 
within the mass. Mature myositis ossificans may produce a curvi-
linear echo-bright line with no appreciable mass due to extensive 
acoustic shadowing. Microcalcification demonstrates no acoustic 
shadowing if the areas of calcification are smaller than the width of 
the US (Fig. 58.6). Both benign and malignant soft tissue masses 

Margin

Both benign and malignant soft tissue tumours typically have 
smooth well-defined borders, with a clear transition from normal 
to abnormal tissue. As an STS grows it compresses rather infiltrates 
adjacent soft tissue structures, creating a fibrous pseudocapsule,7 
although a rim of low-echo peri-lesional oedema may be identified 
(Fig. 58.4).

Figure 58.2 Lipoma. Fundamental (A) and tissue harmonic (B) US images of a simple subcutaneous lipoma. The mass is similar in 
echodensity with the surrounding subcutaneous fat (white arrows), but there is improved definition and contrast of the lipoma on the  
tissue harmonic images. The underlying fascia is indented by the lipoma (broken arrow), which also helps identify the presence of a focal 
mass lesion.

A B

Figure 58.3 Sonogram of a simple lipoma (asterisk) arising 
within the echo-bright fascia (white arrows), and similar in 
echodensity to the deep subcutaneous fat layer (broken arrow).  
The lipoma is constrained by the fascia and grows along the plane 
of the intrafascial tissues, resulting in a lenticular morphology that is 
no more than a few millimetres in depth.

*

Masses arising from tendons or the tendon sheath

• Ganglia
• Rheumatoid nodules
• Xanthomas
• Giant cell tumour of the tendon sheath (GCTTS)
• Synovial chondromatosis
• Tendon sheath lipoma

Lesions with irregular or poorly defined margins

• Early haematoma
• Soft tissue abscess
• Pyomyositis
• Aggressive fibromatosis
• Haemangiomas
• Infiltrating intramuscular lipomas
• Soft tissue endometriosis
• Soft tissue lymphoma or metastases
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Figure 58.4 Sonogram of a high-grade subcutaneous leiomyosarcoma with well-defined margins (A). A thin echo-bright 
pseudocapsule (broken arrows) is present associated with areas of peri-lesional soft tissue oedema (white arrows). There are prominent 
anechoic vascular channels (white asterisks), and the lesion is highly vascular on power Doppler imaging (B).

*

*

A B

Figure 58.5 Aggressive fibromatosis. Sonogram (A) and T2-weighted (B) MR images of a patient with an immobile soft tissue mass in 
the upper arm. The mass is echo-poor on US, and has irregular and spiculated borders on both US and MRI. The mass is intermediate 
signal intensity on the MR image. The diagnosis of aggressive fibromatosis was confirmed on biopsy.

A B
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the lesion. Not all cystic structures are compressible. Many ganglia 
are firm and do not deform on sonopalpation.

Elastography, an emerging technology, identifies tissue with 
abnormal elastic shear properties,9 and highlights differences in the 
stiffness of soft tissues (Fig. 58.7). No validated role has been estab-
lished for the use of elastography in evaluation of soft tissue masses. 
It is unlikely that it will reliably distinguish benign from malignant 
neoplasms but it may increase conspicuity of tumours by enhancing 
the contrast between normal and abnormal tissue.

Vascularity

All soft tissue masses should be assessed by colour or power Doppler 
imaging. The presence of vascularity confirms the solid nature of a 
mass. Occasionally characteristic patterns are seen (Fig. 58.8). 
Doppler US may be crucial in diagnosing vascular lesions such as 
aneurysms and arteriovenous malformations, or in distinguishing 
subtypes of haemangiomas.10 Power Doppler US may identify 
hyperaemia surrounding inflammatory lesions.11 Conversely the 
vascularity of benign and malignant tumours often overlap and 
Doppler examination may add little practical diagnostic value,6 e.g. 
benign schwannomas are often highly vascular, while some STSs, 
such as low-grade liposarcoma, may be relatively avascular.

No validated role for the use of sonographic contrast agents has 
been established.

At the conclusion of the examination, the sonologist should sum-
marise the findings with the specific diagnosis or a differential 
diagnosis. The radiological report should include recommenda-
tions for subsequent management. It is useful to develop local 
imaging algorithms that can be applied whenever a soft tissue mass 
is referred for imaging.

TUMOUR-LIKE MASSES

Pseudo-masses

Many pseudo-masses originate from muscle. Anomalous muscles 
such as the accessory soleus are relatively common and may present 
as a soft issue mass if there is asymmetry with the contralateral 
limb.12 Anatomical knowledge of muscle groups is crucial, and 
comparison with the opposite side is helpful.

Muscle hernias are protrusions through defects in the overlying 
fascia. They are often the result of injury, and are most common in 
the lower extremity. Most are clinically apparent, but dynamic US 
during muscle contraction and relaxation can confirm the diagnosis 
in cases of doubt (Fig. 58.9), and document the size of the fascial 
defect.13,14

Figure 58.6 Sonogram of a superficial leiomyoma. The mass 
(open arrows) is echogenic and contains areas of calcification with 
acoustic shadowing (white arrow), and smaller areas of 
microcalcification without acoustic shadowing (broken arrow). 
Prominent vascularity was present on Doppler imaging.

Figure 58.7 Sonogram of a small hyporeflective subcutaneous mass (white arrows) (A). The sono-elastographic image 
(B) demonstrates increased stiffness of the mass (blue) compared to the adjacent subcutaneous fat (orange), but the US features 
are non-specific.

A B

Soft tissue masses that frequently calcify

Benign
• Myositis ossificans
• Haemangiomas
• Fat necrosis
• Soft tissue chondromas
• Leiomyomas

Malignant
• Leiomysarcoma
• Synovial sarcoma
• Extraskeletal osteosarcoma
• Extraskeletal chondrosarcoma

may calcify or ossify. Many other causes of soft issue calcification 
are not associated with masses.

Tissue density/compressibility

Sonopalpation (using the US probe to compress a mass) may dis-
tinguish a solid from a cystic mass. A bursa filled with thickened 
synovium or debris may mimic a solid mass, but will often com-
press easily. Movement of echogenic debris within a bursa or 
abscess during sonopalpation also helps to confirm the nature of 
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Muscle haematomas usually occur by overstretching muscle or 
by direct contusion. A spontaneous haematoma in the absence of 
anticoagulation or injury raises the suspicion of an underlying 
sarcoma, and interval US scanning to assess resolution or follow-up 
MRI may be indicated.

Initially a haematoma has poorly defined margins, and is gener-
ally hyperechoic. Within 1–2 days the haematoma becomes more 
hypoechoic. Cellular material may be seen within the fluid 

Chronic muscle tears occasionally present as a soft tissue masses, 
particularly when the history of injury is not recalled by the patient. 
A ‘mass’ is palpable due the bunching of the proximal muscle belly. 
This is frequently encountered in chronic quadriceps ruptures, 
usually rectus femoris.15 Identification of the torn end of the muscle 
tissue may be aided by the presence of refractile shadowing. Associ-
ated atrophy results in loss of bulk and increased echogenicity in 
the affected muscle, and is most obvious by comparison with the 
contralateral limb.

Other pseudo-masses include normal but prominent subcutane-
ous fat, often asymmetrical, and sometimes encountered after 
periods of significant weight loss or gain. Careful evaluation is 
required to avoid missing a lipoma.

Pseudo-masses may be caused by deformity of underlying bone, 
e.g. mal-union of fractures rib anomalies or asymmetry of costal 
cartilage (Fig. 58.10).

Once the diagnosis of a pseudo-mass has been established, it is 
important to reassure the patient that no actual mass or tumour is 
present.

Masses of traumatic origin

Traumatic lesions include haematoma, myositis ossificans and trau-
matic fat necrosis. A history of injury may not be recalled by the 
patient.

Figure 58.8 Sonogram of a patient presenting with a mass in the groin. US shows the typical appearance of an enlarged lymph 
node with a fatty hilum (A) (white arrow), and the characteristic blood supply arising from the hilum on power Doppler imaging (B). The 
subsequent CT staging demonstrated widespread retroperitoneal lymphadenopathy and lymphoma was confirmed on lymph node biopsy.

A B

Figure 58.9 Panoramic sonograms of the proximal peroneal muscle belly. The normal outline of the superficial muscle fascia is 
demonstrated during muscle relaxation (A). A prominent hernia bulging through a fascial defect becomes apparent on muscle contraction 
(B) (white arrows).

Muscle relaxation

Muscle contraction
A B

Figure 58.10 Transverse sonogram of the anterior chest wall 
in a patient with a painless swelling. The costal cartilages (CC) are 
clearly identified as echo-poor structures either side of the sternum. 
On the right side there is deformity with anterior bowing of the 
costal cartilage (white arrow), but without associated mass.

CC
CC
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Figure 58.11 Longitudinal sonogram of an area of early 
myositis ossificans in the thigh of a soccer player. There are 
areas of peripheral calcification, some of which (white arrows) are 
starting to display acoustic shadowing. The central portion of the 
mass is largely obscured by the developing calcification. (Image 
courtesy of Dr Philip O’Connor, Leeds, UK.)

defined anechoic or hypoechoic lenticular mass with a pseudocap-
sule overlying the surface of the fascia.20

Cysts and bursae

Synovial cysts originate from joints and have a lining of synovial 
tissue. The commonest is the popliteal or Baker’s cyst, which arises 
from the knee between the medial head of gastrocnemius and the 
semimembranosus tendon. In adults they are related to underlying 
joint disorders.21 The synovial layer is not appreciable on US unless 
there is synovial thickening, which may be hypervascular in 
patients with inflammatory arthritis. The fluid within the cyst may 
be anechoic or contain debris and loose bodies, which may be calci-
fied and mobile or attached to the synovium.22

Meniscal cysts at the knee are associated with meniscal tears, and 
may be clinically palpable as a hard mass. The cystic nature is 
evident on US, and the underlying meniscal tear may be 

Figure 58.12 Fat necrosis. Sonogram (A) and axial fat-saturated T2-weighted MR image (B) of an area of subcutaneous fat necrosis. 
There is a poorly reflective fat lobule (asterisk) with a subtle hyporeflective pseudocapsule and extrinsic low-echo stranding in the adjacent 
subcutaneous fat (broken arrow). The same features are present on MRI with a high signal intensity fat lobule (black arrow) with low  
signal pseudocapsule, and extrinsic high signal stranding (white arrow). No calcification is present. (Image courtesy of Dr Philip Robinson, 
Leeds, UK.)

*

A B

component, and visualisation is enhanced by sonopalpation. As the 
haematoma matures over several weeks it organises, shrinks and 
becomes more solid with a heterogeneous echo pattern. This 
appearance may mimic a soft tissue tumour, although an organis-
ing haematoma is usually avascular on Doppler imaging. The com-
bination of history, intramuscular location and US appearances are 
usually sufficient to make a confident diagnosis. Occasionally a 
haematoma remains serous and persists indefinitely as an intra-
muscular ‘cyst’.

Myositis ossificans usually results from muscle contusion and 
occurs in large muscles of the extremities.16 Zonal maturation occurs 
with central areas of necrotic muscle and proliferating fibroblasts, 
a middle zone of immature osteoid tissue and cartilage, and a 
peripheral zone of calcification which eventually ossifies. In the 
early stages, an intramuscular hyporeflective mass is seen, which 
may show some central zonal hyper-reflectivity. Calcification 
develops 6–8 weeks after the original injury. US shows calcification 
up to 2 weeks earlier than radiographs.17 The calcification is at the 
periphery of the mass, and may not demonstrate acoustic shadow-
ing initially (Fig. 58.11). When there is doubt about the diagnosis, 
interval scanning shows maturing ossification over 2–3 weeks. 
Early biopsy is to be avoided as the histological differentiation from 
soft tissue osteosarcoma can be difficult.

Ossification with dense acoustic shadowing is seen with mature 
myositis ossificans. Radiographs or computed tomography (CT) 
confirm the diagnosis. Calcific myonecrosis is a rare complication 
of muscle injury and results in a central area of cystic change with 
a calcified peripheral rim.18

Superficial injuries may result in subcutaneous haematoma or fat 
necrosis. Subcutaneous haematomas appear similar to intramuscu-
lar haematomas. Fat necrosis has variable appearances that include 
a mass with both hyper- and hypoechoic fat lobules and internal 
septa. A pseudocapsule is sometimes present, although the margin 
may be poorly defined (Fig. 58.12). Internal fluid is not usually 
present.19

Post-traumatic seromas, ‘Morel–Lavallée lesions’, occasionally 
occur in the proximal thigh between the deep subcutaneous fat and 
the fascia and are due to shearing forces. US demonstrates a well-
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Figure 58.14 Sonogram of a small subcutaneous sebaceous 
cyst. The mass demonstrates posterior acoustic enhancement, 
and refractile shadowing, but there are internal echoes due to the 
presence of keratinous material. The small tail (black arrow) on the 
superficial surface indicates the origin from a sebaceous gland. No 
vascularity was present on Doppler imaging.

Abscesses vary in echo pattern from poorly to highly reflective 
depending on the amount of cellular debris. Debris moves on son-
opalpation,31 although this may be limited by pain and tenderness. 
The margins of the abscess may be poorly defined. Adjacent soft 
tissues are highly vascular on Doppler imaging.32 US can facilitate 
image-guided drainage, but if the abscess is large or loculated, MRI 
is required to document the full extent of the abscess and assess if 
surgical drainage is required. When an abscess lies close to a joint, 
the joint should be evaluated for an effusion to exclude septic arthri-
tis, which may require aspiration or surgical wash-out.

identified.23 Paralabral cysts at the hip and shoulder rarely present 
as soft tissue masses.

Ganglion cysts are of uncertain histogenesis, but are probably 
caused by myxomatous degeneration of periarticular connective 
tissues.24 Although communication with the underlying joint may 
occur, it is reported to be uncommon.25 Ganglia contain viscous 
material and have no synovial layer. Periarticular ganglia often 
present as masses, most commonly in the hands and feet. They may 
be painful. A classic location is the dorsal aspect of the wrist, arising 
from a degenerate scapholunate joint. Tendon sheath ganglia occur 
most frequently in the fingers.

Ganglia may vary in size over time. The diagnosis is often clini-
cally obvious. Imaging may be indicated as cysts can present some 
distance from the joint of origin. US identifies the origin, which 
must be excised to avoid recurrence. Cysts vary from small and 
round to elongated and loculated. They are classically anechoic 
with posterior acoustic enhancement,26 and vary from tense to 
easily compressible (Fig. 58.13). Chronic ganglia may become echo-
genic due to internal septation and wall thickening.

Synovial bursae may become enlarged due to inflamed synovium 
in inflammatory arthritis or crystal deposition disease. The nature 
of the swelling may be uncertain clinically if the bursa is deep such 
as the bicipito-radial bursa.27 Bursae are anechoic if filled with 
simple fluid, or echogenic due to thickened synovium or fibrinous 
exudate. In crystal deposition disorders, bursal contents may be 
highly echogenic.28

Subcutaneous cystic masses are usually epidermal inclusion cysts 
(sebaceous cysts, keratin cysts). Most are less than 5 cm in size, 
anechoic and have discrete margins and posterior enhancement.29 
They can become echogenic when distended by keratinous material 
(Fig. 58.14) and may be mistaken for solid masses. Sonopalpation 
may not reveal their cystic nature.

Inflammatory masses

Acute soft tissue infection is recognised clinically by soft tissue 
swelling, cellulitis and raised inflammatory markers. US confirms 
and localises abscesses prior to drainage,30 and distinguishes reac-
tive adenopathy from abscess.

Figure 58.13 Ganglion. Longitudinal (A) and transverse sonograms (B) of a tendon sheath ganglion of the finger at the level of the 
metacarpophalangeal joint. The anechoic ganglion (white arrows) lies superficial to the flexor tendon (asterisks), and demonstrates posterior 
acoustic enhancement.

*

*
*

*
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hyper-reflective crystal deposits. Occasionally internal calcification 
is seen. Increased attenuation (about 160 Hounsfield units) on CT 
is the most specific imaging sign of gout,38 although the diagnosis 
of rheumatoid nodules or gouty tophi is usually apparent from the 
clinical history.

Extraperitoneal endometriomas may occur within abdominal 
scars following pelvic surgery. Rarely they are located in the line 
of the round ligament in the groin. The masses are typically hyp-
oechoic with irregular margins.

Xanthomas are focal deposits of histiocytes containing large 
amounts of lipids, and occur in patients with primary or secondary 
hyperlipidaemia. Skin and subcutaneous nodules in the hands and 
feet are the commonest manifestation, but tendon involvement, 
usually the Achilles tendon (Fig. 58.17), also occurs. US reveals 
either diffuse low-echo tendon enlargement or focal hypoechoic 
tendon masses.39

SOFT TISSUE TUMOURS

Soft tissue tumours are classified according to their tissue of origin 
and biological behaviour. Diagnosis may require a combination of 
histology and immunochemistry. Imaging frequently helps to make 
a specific diagnosis and may avoid the need for biopsy. A compre-
hensive description of all tumour types is beyond the scope of this 
chapter, which is limited to a description of the more common 
benign and malignant tumours and to conditions where an image-
specific diagnosis may be possible. Readers are referred to specialist 
texts for a comprehensive discussion of soft tissue tumours.

Lipomatous tumours

Lipomatous lesions are the commonest of all mesenchymal tumours. 
The benign group comprises lipomas, lipoma variants, a variety of 
infiltrating lipomatoses and hibernomas. Liposarcoma is the second 
commonest soft tissue sarcoma.

Lipomas
Most lipomas are subcutaneous, soft or rubbery on palpation and 
relatively compressible. They occur anywhere on the trunk or 
extremities. They are usually solitary, but may be multiple in 5–15% 
of cases.40

Ultrasound shows an, ovoid or elliptical, encapsulated subcuta-
neous mass that is avascular on Doppler imaging and may contain 
short echo-bright internal striations that run parallel to the skin. 
Most lipomas are <10 cm in size, 80% are <5 cm.41 They vary from 
echo-bright to echo-poor depending on the relative composition of 
fat, connective tissue and water (Figs 58.2 and 58.3).42 The lobulated 
appearance of normal fat can be difficult to distinguish from a focal 
lipoma and sonopalpation and tissue harmonic imaging may help 
to delineate the margin of a lipoma.

Deeper subcutaneous lipomas that are adherent to or lie within 
the deep fascia typically have a lenticular morphology with concav-
ity of the underlying fascial plane (Fig. 58.3).

Deep intra- or intermuscular lipomas, are less common than 
superficial lipomas and are frequently larger. Clinical differentia-
tion from sarcoma can be difficult. The presence of a well-defined 
hyperechoic intramuscular mass is usually diagnostic (Fig. 58.18). 
However, lipomas may be nearly isoechoic to surrounding muscle 
and the margins of the mass may be poorly defined even if well 
defined on MRI. Infrequently lipomas diffusely infiltrate an entire 
muscle belly43 and appear similar to fatty atrophy with generalised 
increase in reflectivity and loss of the normal pennate structure, but 
with normal or increased muscle bulk.

Intermuscular lipomas extend along fascial planes between 
muscles. MRI better documents their relationship to neurovascular 
structures than US.

Pyomyositis is usually bacterial and is frequently associated with 
diabetes mellitus and immunocompromised patients.33 The affected 
muscle is swollen, diffusely hyperechoic and hyperaemic on US.30 
Small hypoechoic areas due to tissue necrosis and eventually frank 
abscesses may develop. Tuberculous abscesses lack clinical features 
of inflammation. Aspiration is required in ‘at risk’ patients who 
present with a soft tissue fluid collection. Chronic TB abscesses may 
become heavily calcified.

Hydatid disease (Echinococcus granulosus) most commonly affects 
the liver and lungs. Soft tissue disease is rare and usually involves 
muscles. Hydatid cysts are anechoic but may contain septa. Cyst 
walls may calcify, and there may be daughter cysts.34

Foreign body granulomas may present as soft tissue masses and 
can create clinical difficulties if the history of a trauma is not recalled 
by the patient. US demonstrates the echogenic foreign body sur-
rounded by a hyporeflective granuloma which may display varying 
degrees of vascularity on Doppler imaging depending on chronicity 
(Fig. 58.15).

Vascular masses

Aneurysms of the extremities are present clinically as pulsatile soft 
tissue masses but may mimic soft issue tumours, particularly if 
there is no palpable pulse. The popliteal artery is most commonly 
affected.35 Doppler US distinguishes an aneurysm from other 
masses. Adventitial cystic disease also affects the popliteal artery 
most commonly and presents as a multiloculated cyst that may 
compromise the arterial lumen.36 Pseudo-aneurysms are usually the 
result of injury, frequently iatrogenic resulting from arterial punc-
ture. They may remain static for years. Thrombosed pseudo-
aneurysms may present diagnostic difficulty unless there is a 
history of trauma.

Varicose veins are easily diagnosed clinically, but thrombosed 
varicose veins are occasionally mistaken for soft tissue masses, 
especially if there are no widespread varicosities. Doppler US dem-
onstrates the associated perforating and draining veins which help 
establish the diagnosis (Fig. 58.16).

Miscellaneous tumour-like masses

Rheumatoid nodules are rounded hypoechoic masses, often located 
at pressure points.37 They occur in 20–30% of rheumatoid patients 
with elevated rheumatoid factor. Gouty tophi are common in the 
hands, feet and elbows, and are heterogeneous with areas of 

Figure 58.15 Longitudinal sonogram of a chronic foreign 
body (wooden splinter) granuloma in the forearm. The patient fell 
from a tree some years previously, and had a residual soft tissue 
swelling, but did not recall any history of penetrating injury. The 
splinter is identified as a linear echogenic area (white arrow) with 
posterior acoustic shadowing within a hyporeflective chronic 
granuloma. No vascularity was seen on Doppler imaging.



CHAPTER 58 • Ultrasound of soft tissue masses

1118

Figure 58.16 Sonographic images (A, B) of a thrombosed varicose vein presenting as a painless superficial mass. There is 
echogenic intraluminal clot within a small varix. The relationship to the proximal vein is easily identified. Blood flow within the superficial vein 
and around the intraluminal clot on the Doppler image (C) helps confirm the diagnosis.

A

C

B

Figure 58.17 Longitudinal (A) and transverse (B) sonograms of the Achilles tendon (white arrows) in a patient with hyperlipidaemia. 
There is a superficial hyporeflective xanthoma (asterisks) arising from the adventitial layer of the tendon sheath. No internal vascularity was 
demonstrated on Doppler imaging.

* *

*
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clear cell sarcoma, extraskeletal Ewing’s sarcoma and primitive 
neuroectodermal tumours (PNET).

Non-tumorous nerve masses include stump neuromas in 
amputees and Morton’s neuromas in the intermetatarsal spaces of 
the forefoot. Intraneural ganglia are cystic masses which most fre-
quently involve the proximal common peroneal nerve.

Schwannoma
Schwannomas usually arise in the extremities and are composed of 
neoplastic cells that have the phenotype of Schwann cells but 
without the presence of axons.46 They are usually solitary, eccentric 
to the nerve axis and are round or oval. US shows a uniformly 
hypoechoic mass with posterior acoustic shadowing and moderate 
vascularity on Doppler imaging. The proximal nerve may be thick-
ened, hypoechoic and taper into the mass (Fig. 58.19) due to infiltra-
tion of tumour cells along the nerve fascicles.47

Cystic degeneration and calcification may occur in longstanding 
schwannomas or ‘ancient schwannomas’.48

Lipoma variants
Lipoma variants including fibrolipoma and angiolipoma contain 
varying amounts of other mesenchymal tissues which affect their 
US appearances. Heterogeneity within a lipomatous lesion merits 
further evaluation with MRI. Hibernomas arise from brown fat. 
They are usually well-marginated hyperechoic masses with internal 
vascularity on Doppler imaging.

Liposarcoma
Liposarcomas account for 16–18% of all soft tissue sarcomas.44 Low-
grade well-differentiated liposarcoma, the commonest subtype 
(approximately 50%), has the best prognosis and is composed pre-
dominantly of fat (usually >75%).45 Heterogeneity on imaging may 
be due to connective tissue striations and areas of non-lipomatous 
tissue. Calcification is present in up to 10% of cases but is seen 
occasionally in benign lipomas. Distinction from benign lipomas 
can be difficult even with MRI. Large fatty tumours (>10 cm) with 
striations but otherwise homogeneous appearances are sometimes 
referred to as atypical lipomas (Fig. 58.18). Biopsy is prone to sam-
pling errors and these tumours are best presumed to be low-grade 
liposarcomas until proven otherwise either by surgical excision or 
by interval MRI scanning depending on clinical circumstances and 
the index of clinical suspicion.

Higher-grade myxoid or pleomorphic liposarcoma subtypes 
usually display little or no appreciable fat on US or MRI and often 
have non-specific imaging features. Diagnosis relies on tissue 
biopsy.

Nerve tumours and tumour-like lesions

Nerve tumours derived from Schwann cells include benign neurofi-
bromas and schwannomas (neurolemmoma) and malignant periph-
eral nerve sheath tumours. Clinical diagnosis is straightforward if 
the patient has a positive Tinel sign (pain or paraesthesia in the 
distribution of the nerve on palpation). Sonopalpation may also 
reproduce a Tinel sign. The key US feature is recognition that the 
mass arises from a nerve.

Less common tumours with neurogenic histiogenesis include 
fibrolipomatous hamartoma, paraganglioma, ganglioblastoma, 

Figure 58.18 Lipoma. Longitudinal sonogram (A) and axial T1-weighted MR image (B) of a large intramuscular lipoma in a 22-year-old 
woman. The US image shows a characteristic echo-bright lipoma (asterisks) with well-defined margins within the triceps muscle (white 
arrow). The features of large tumour size, deep location and areas of non-lipomatous tissue stranding within the lesion on MRI (broken 
arrow) indicate that low-grade liposarcoma cannot be excluded.

*

*
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Figure 58.19 Longitudinal sonogram of schwannoma arising 
from the posterior tibial nerve. The tumour (asterisk) has a 
homogeneous echo-poor appearance. The proximal and distal 
nerve fibres (white arrows) can be seen tapering into the neuroma, 
which confirms the diagnosis of a neural sheath tumour. However, 
the mass is not eccentric to the nerve in this case, and cannot be 
reliably distinguished from a neurofibroma.

*
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novo, as a result of malignant transformation of a pre-existing neu-
rofibroma in a patient with neurofibromatosis or secondary to pre-
vious radiotherapy. A change in size of a previously stable lump in 
a patient with neurofibromatosis requires immediate imaging and 
biopsy. US may show a mass with irregular borders, but appear-
ances are otherwise indistinguishable from benign nerve sheath 
tumours.47

Biopsy of nerve sheath tumours should be undertaken with care, 
as the procedure may cause excruciating pain. Anaesthetic infiltra-
tion around the nerve proximal to the mass as well as at the biopsy 
site may provide an effective nerve root block. Surgical excision of 
a schwannoma can usually be achieved without neurological 
deficit. Resection of a neurofibroma may result in nerve damage 
although some neurofibromas can be dissected out without perma-
nent deficit.

Vascular tumours

Vascular tumours are a common cause of soft issue masses, particu-
larly in young adults, and may be confused clinically with other 
soft tissue tumours, especially if there is no overlying skin discol-
oration. Imaging often demonstrates characteristic features.

Haemangiomas
Benign haemangiomas (vascular malformations) comprise 7% of all 
soft tissue tumours. The presence of non-vascular elements, such as 
fat, smooth muscle and fibrous tissues, can make subclassification 
difficult but haemangiomas are usually classified by their predomi-
nant vascular channel (capillary, cavernous, arteriovenous or 
venous),51 although there may be significant degrees of overlap.

Capillary haemangiomas are commonest in infants and children, 
are usually associated with characteristic naevi and frequently 
involute spontaneously.

Cavernous haemangiomas have dilated vessels filled with blood 
and lined by epithelium. They typically present in adolescents and 
young adults with a deep intramuscular mass that may fluctuate in 
size and be painful, especially after exercise. Superficial lesions may 
demonstrate bluish discoloration of the skin.

Arteriovenous haemangiomas or arteriovenous malformations 
(AVMs), are either superficial or deep. Deep AVMs are high-flow 
lesions with arteriovenous shunting, and occasionally present with 
cardiovascular symptoms and focal limb enlargement.

The US appearances of haemangiomas partly depend on the 
various histological constituents. Lesions with a large fat compo-
nent are hyperechoic (Fig. 58.21).52 Compressible vascular spaces 
may contain slow moving echogenic blood. Doppler US appear-
ances vary from high flow to no detectable Doppler signal depend-
ing on the predominant vessel type. Low-resistance forward 
vascular flow during both systole and diastole may be seen,53 but 
there are no Doppler patterns that reliably distinguish haemangi-
omas from other vascular tumours.

Phleboliths cause acoustic shadowing in 20–67% of cavernous 
haemangiomas (Fig. 58.22). Other patterns include curvilinear or 
amorphous calcification. Haemangiomas close to bone may induce 
periosteal reaction which is usually mature and non-aggressive. 
Cortical thickening or erosion is less common.54 Radiographs may 
show areas of soft tissue calcification.

The margins of haemangiomas are variable. Lesions may be dis-
crete or diffuse, extending across more than one anatomical com-
partment. MR imaging often reveals characteristic features,55 and is 
useful for local staging prior to surgery or sclerotherapy. MR angi-
ography or conventional angiography may ‘map out’ the feeding 
vessels and draining veins.

Angiomatosis
Angiomatosis is a diffuse infiltration of soft tissues by haemangi-
omatous or lymphangiomatous lesions and may also involve bone 

Neurofibroma
Neurofibromas are composed of a mixture of cell types including 
perineural cells which spread through the epineurium.

There are three distinct types of neurofibroma: focal, diffuse and 
plexiform.

Focal neurofibromas are the most common, usually solitary, and 
account for up to 90% of cases.49 They arise anywhere along a nerve, 
from the spinal canal to the most terminal superficial branch. The 
characteristic appearance is of a fusiform mass arising from a nerve, 
cf. the eccentric morphology of schwannomas. A central fibrotic 
relatively hyperechoic area surrounded by a hypoechoic rim  
of myxomatous tissue may produce a ‘target sign’ (Fig. 58.20).50 
Neurofibromas are generally less vascular then schwannomas on 
Doppler imaging. However, appearances overlap and distinction 
between neurofibroma and schwannoma may not be possible.47

Multiple focal neurofibromas and diffuse and plexiform neurofi-
bromas are associated with neurofibromatosis type 1. Multiple focal 
neurofibromas are often located in the skin and subcutaneous 
tissues. The nerve of origin is usually too small to identify. Diffuse 
neurofibromas are usually seen as an ill-defined area of subcutane-
ous thickening, particularly at the ankle or neck.49

Plexiform neurofibromas have pathognomonic appearances with 
multiple neurofibromas arising from the fascicles of a large nerve 
trunk over a long distance and extending into the terminal branches. 
On US they are convoluted and multinodular and may have a ‘bag 
of worms’ appearance.49

Malignant peripheral nerve sheath  
tumours (MPNST)
MPNST is suggested by a recently or rapidly enlarging soft tissue 
mass which arises from a peripheral nerve. MPNSTs may arise de 

Figure 58.20 Sonogram of a neurofibroma. The nerve can be 
seen running through the mass (asterisks). There is an outer 
hyporeflective myxoid layer (white arrow) and a central hyper-
reflective zone (broken arrow) producing a ‘target’ sign.

*
*
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Intermediate vascular tumours
Haemangioendothelioma and haemangiopericytoma are vascular 
tumours of intermediate aggressiveness and have several histologi-
cal subtypes. Adults are usually affected. Recurrence rates are vari-
able. Mortality rates are low but metastases may be encountered.57 
US and MRI features are often non-specific, usually comprising a 
solid mass with a high-flow vascular component. The prognosis is 
good following wide local excision, but there is a risk of local 
recurrence.

Malignant vascular tumours
Angiosarcoma involves the skin and deeper soft tissues, usually in 
older patients. Visceral involvement also occurs. Lymphoedema, 
typically post-mastectomy, is a recognised predisposing factor and 
occurs in 10% of cases.58 The clinical diagnosis may be obvious. 
Imaging features are non-specific although a skin lesion with 
underlying solid vascular mass on US and diffuse subcutaneous 
oedema is suggestive.

Kaposi’s sarcoma is a malignant vascular tumour of the skin and 
occurs in association with HIV infection. The diagnosis is clinical 
and confirmed by biopsy.

Muscle tumours

Many tumours arising within muscle are not of muscle tissue 
origin, e.g. intramuscular haemangiomas and lipomas. Conversely 
tumours of muscle origin, either smooth muscle (rhabdomyoma) or 
skeletal muscle (leiomyoma), may arise outside muscle.

Leiomyoma
Superficial leiomyomas and angiomyoleiomas occur in the skin and 
subcutaneous soft tissue.59 They are uncommon, usually ovoid, have 
a heterogeneous echo pattern and may demonstrate areas of calcifi-
cation and vascularisation (Fig. 58.6). Deep soft tissue leiomyomas 
may be intra- or intermuscular, and are often large and prone to 
calcification.60 Rhabdomyomas rarely occur in the extremities.

Myxoma
Intramuscular myxomas are hypocellular tumours composed of 
gelatinous myxoid stroma. They are commonest in the fifth to 
seventh decades and in the thigh (>50%). On US they are well 
defined and markedly hypoechoic, often with small anechoic cysts 
and acoustic enhancement. There is little or no vascularity on 
Doppler imaging. Differentiation from soft tissue sarcoma can be 
difficult and MRI and biopsy are required. Myxomas are associated 
with fibrous dysplasia in Mazabraud’s syndrome.

Other varieties of myxoma include juxta-articular, subcutaneous 
and deep aggressive angiomyxoma.

Malignant muscle tumours
Malignant leiomyosarcomas account for nearly 10% of all soft tissue 
sarcomas in adults. They are located in or outside muscle,44 and 
may be large and have central necrosis. Vascularity is variable. 
Mineralisation occurs in 12% of cases (Fig. 58.4).61 Rhabdomyosar-
coma is the commonest soft tissue sarcoma of childhood;62 15% 
occur in the extremities. Imaging shows a non-specific intramuscu-
lar mass. Rhabdomyosarcoma is very rare and has a particularly 
poor prognosis in adults. Local bone invasion and distant metas-
tases are frequently found at presentation.

Fibrous and fibrohistiocytic tumours

The benign group includes fibroblastic proliferations such as  
nodular fasciitis and the fibromatoses. The malignant group 

and viscera.56 US features are similar to those of focal haemangi-
omas, but lesions are more widespread.

Angiomatosis may be associated with Mafucci’s, Osler–Weber–
Rendu and Klippel–Trénaunay–Weber syndromes. Imaging may be 
required where complications arise, e.g. malignant transformation 
of enchondromas or haemangiomas in Mafucci’s syndrome. MRI is 
usually the investigation of choice.

Figure 58.21 Haemangioma. Longitudinal sonogram (A), sagittal 
T1-weighted MR image (B) and axial fat saturated T2-weighted MR 
image (C) of a haemangioma of the distal thigh. The haemangioma 
has rather poorly defined margins on both US (white arrows) and 
MRI. There is an echo-bright fatty component on ultrasound 
(asterisk), which is also seen on the sagittal MR image (black 
arrows). A prominent draining vein is identified on the axial MR 
image (broken arrow). Non-specific vascularity was present on 
Doppler imaging (not shown).
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Figure 58.23 Longitudinal sonogram of a patient with three 
small nodules on the sole of the foot. The US image of one of the 
lesions demonstrates a small ovoid echo-poor mass (asterisk) 
arising from the plantar fascia (white arrows). The other lesions 
appeared identical. The location, US appearance and presence of 
more than one lesion confirms the diagnosis of multiple plantar 
fibromas.

*

plantar fascia usually on the medial aspect (Fig. 58.23). Small lesions 
are often avascular. Larger lesions above 2–3 cm may demonstrate 
a mixed hyper- and hyporeflective appearance reflecting areas of 
fibrous and cellular tissue, and may demonstrate internal vascular-
ity on Doppler US.69 There is an overlap with deep fibromatosis.

Deep fibromatosis
These lesions affect the fascia and aponeuroses between muscles, 
although subcutaneous masses may be seen. Lesions in the extremi-
ties are usually distinguished from abdominal wall desmoids. 
Extremity lesions are referred to as aggressive fibromatosis because 
of the propensity to recur locally following surgical resection, 
although a wide spectrum of behaviour is encountered. Lesions are 
usually solitary, although synchronous and metachronous tumours 
may occur.70 US reveals a hyporeflective mass that may be well 
defined or have irregular margins (Fig. 58.5), with posterior acous-
tic shadowing and varying degrees of internal vascularity. Areas of 
both low and high signal intensity on T2-weighted MR images are 
typical.71,72 MRI is indicated to document the extent of the lesion 
prior to biopsy and surgery. Wide excision reduces the risk of local 
recurrence but may be precluded because of the cosmetic or func-
tional consequences. Adjuvant chemotherapy and radiotherapy 
may be required.

comprises dermatofibrosarcoma protuberans (DFSP) and 
fibr   osarcoma/malignant fibrohistiocytoma.

Nodular fasciitis
Nodular fasciitis is a reactive condition that occurs in young adults, 
most commonly in the upper limb. It is often initiated by local 
trauma or an inflammatory process, and is characterised by an 
initial phase of rapid growth. The commonest form is a subcutane-
ous soft tissue nodule of up to 3–4 cm in size. Intrafascial or intra-
muscular lesions may be larger.63 Local pain and tenderness are 
common. Calcification is rare. The US appearances are of a non-
specific soft tissue mass of intermediate echogenicity with well-
defined borders.64 Larger lesions cannot be distinguished from 
sarcoma. Local excision is usually curative.

Elastofibroma
Elastofibroma is a fibroblastic pseudo-tumour that presents as a 
mass at the inferior angle of the scapula deep to the latissimus dorsi 
muscle and is probably due to chronic friction between the scapula 
and chest wall. Up to two-thirds of cases are bilateral. Elastofibro-
mas grow slowly and usually do not present until reaching 5–10 cm 
in size in the fifth to seventh decades of life.65 Small asymptomatic 
lesions are not infrequently seen incidentally on chest CT.66

Elastofibromas are composed of fibroblasts interposed with 
mature adipose tissue. The US appearance of an ellipsoid mass of 
moderate reflectivity due to the fat content combined with the 
classic location is usually diagnostic.67 Resection, if required, is 
curative.

Fibromatosis
The fibromatoses are a group of soft tissue lesions characterised by 
proliferation of fibrous tissue with spindle-shaped cells surrounded 
by variable amounts of collagen. They can be indolent or locally 
aggressive with a tendency to local recurrence. They are generally 
divided into superficial and deep fibromatosis.

Superficial fibromatosis
This group comprise palmar and plantar fibromatosis. Palmar 
fibromatosis consists of small fibrous nodules that progress to con-
tractures of the hand (Dupuytren’s contracture). It is a clinical 
diagnosis.

Plantar fibromatosis typically presents as small soft issue nodules 
on the sole of the foot, frequently multiple and bilateral in 20–50%.68 
US reveals a characteristic hypoechoic ovoid mass arising from the 

Figure 58.22 Superficial haemangioma of the dorsal aspect of the foot. The haemangioma contains a small phlebolith with posterior 
acoustic shadowing (A) (white arrow), which was also visible on radiographs. There is prominent vascularity on the power Doppler 
image (B).
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Pigmented villonodular synovitis (PVNS)
PVNS usually occurs in the third and fourth decades of life in large 
joints, particularly the knee, hip, shoulder and elbow, and rarely 
involves more than one joint. PVNS has large frond-like synovial 
proliferations which are typically red due to haemosiderin deposi-
tion.76 US reveals a prominent joint effusion with synovial thicken-
ing and fronding.76,77 Vascularity is variable. Calcification is usually 
absent. Radiographs may show pressure erosion of bone. Demon-
stration of haemosiderin on gradient-echo MRI is characteristic but 
not invariable.78

The joint is usually diffusely involved, but lesions may present 
as a mass if there is involvement of a communicating bursa or cyst, 
e.g. within a Baker’s cyst. There is also a localised form termed focal 
nodular synovitis. Treatment is usually by synovectomy.

Giant cell tumour of the tendon  
sheath (GCTTS)
GCTTS is histologically similar to PVNS, but arises most commonly 
in the hands and feet and clinically mimics ganglion cysts. US 
reveals rounded or ovoid masses that encircle the tendon, are 
usually heterogeneous and have moderate internal vascularity.79,80 
Large lesions can scallop underlying bone. Haemosiderin deposi-
tion is best identified on MRI. A diffuse form also occurs (prolifera-
tive synovitis or extra-articular PVNS).

Synovial osteochondromatosis
Synovial chondromatosis is a metaplastic condition that results in 
the formation of multiple intra-articular cartilaginous nodules. 
Over time nodules may enlarge and calcify or ossify. Large joints 
are usually involved, especially the knee, hip and shoulder. Occa-
sionally more than one joint is affected. Pressure erosion of bone is 
common. Involvement of a bursa or tendon sheath is more likely to 
present as a soft tissue mass (Fig. 58.24). US reveals multiple echo-
genic intrasynovial masses which may be mobile, and, if small, are 
sometimes referred to as rice bodies.81 The differential diagnosis of 
rice bodies includes rheumatoid arthritis and TB. Acoustic shadow-
ing is present when the nodules begin to calcify (two-thirds of 
cases), and is characteristic.

Dermatofibrosarcoma protuberans (DFSP)
DFSP accounts for about 6% of soft tissue sarcomas and occurs in 
the third to fifth decades of life.44 About equal numbers occur in the 
trunk and extremities. DFSP presents as a protuberant mass involv-
ing the skin and subcutaneous tissues, typically causing reddish-
brown to blue skin discoloration and occasionally skin ulceration. 
DFSP may grow slowly over a long period of time, although phases 
of accelerated growth may happen. Lesions are occasionally multi-
ple or there may be satellite nodules.

Imaging shows a non-specific well-defined protuberant non-
mineralised hypervascular mass.73,74 Larger lesions may invade 
deeper structures. Treatment is by wide local excision. Local recur-
rence rates can be as high as 20%.

Fibrosarcoma and malignant fibrous 
histiocytoma (MFH)
The classification of other malignant fibrous sarcomas is complex 
and based upon factors including cellular patterns. Tumours vary 
from low to high grade and occasionally present with a spontane-
ous haematoma.

MFH is the commonest STS of late adult life.75 Some cases are 
associated with previous radiotherapy. MFH is usually deep and 
intramuscular. Fibrosarcoma is a less frequent diagnosis following 
recent subclassifications of the fibrous sarcomas. The internal struc-
ture is variable and depends on the relative amounts of collagen, 
myxoid tissue, necrosis and haemorrhage. In both tumours US typi-
cally demonstrates a large, deep, well-defined mass with a hetero-
geneous echo pattern and increased vascularity on Doppler 
imaging. Rarely MFH presents with a spontaneous haematoma. 
Ultrasound shows the haematoma but the tumour may be small or 
not detected, in which case interval scanning with US or MRI or 
excision should be considered.

Synovial tumours

Tumours of synovial origin arise from joints, bursae, tendon sheaths 
or de novo in other soft tissues. Eccentric joint lesions may present 
as soft tissue masses. If joint involvement is suspected, correlation 
with radiographs is mandatory. Cross-sectional imaging frequently 
provides a specific diagnosis.

Figure 58.24 Synovial chondromatosis. Longitudinal sonograms (A, B) and sagittal T1-weighted MR image (C) of a patient presenting 
with a painless, poorly defined swelling of the medial aspect of the ankle. The tendon sheath (asterisks) of the tibialis posterior tendon 
(broken arrows) is thickened and hypoechoic and contains multiple echogenic foci (white arrows) with posterior acoustic shadowing due to 
multiple calcified cartilaginous nodules secondary to synovial chondromatosis of the tendon sheath. The calcified bodies are clearly seen as 
low signal masses (black arrows) behind the tendon on the corresponding MR image.

* *
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Synovial sarcoma
A common misconception is that synovial sarcomas arise from 
joints. They are nearly always extra-articular and probably arise 
from undifferentiated mesenchymal tissue. Joint involvement 
usually results from local spread. Biological activity is variable, but 
local recurrence and metastases are common, particularly in larger 
lesions, with 5-year survival rates of 27–61%.

Synovial sarcoma is most frequent at 15–35 years although older 
age groups may be affected. Most cases occur in the extremities and 
present with a palpable mass which is often painful and slow 
growing.44

US reveals a non-specific mass, round or lobulated and usually 
well defined. Calcification present in up to one-third of cases may 
occur at the periphery of the tumour. Lesions are frequently hyper-
vascular and heterogeneous due to haemorrhage, cystic areas and 
fluid–fluid levels.82 Synovial sarcomas may induce periosteal reac-
tion or invade bone.83

Extraskeletal osseous tumours

This group of tumours includes the rare extraskeletal osteosarcoma 
and mesenchymal chondrosarcoma. The patterns of tumour matrix 
calcification may be characteristic. Correlation with radiographs is 
essential.

Benign soft tissue chondromas present as well-defined nodules 
of adult hyaline cartilage. They frequently calcify, and larger  
deeper masses may be difficult to distinguish from malignant 
chondrosarcomas.
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INTRODUCTION

Ultrasound has an important part to play in the assessment and 
management of rheumatological conditions. Broadly it has roles in 
three main areas. These are:
n diagnosis
n assessment of disease severity and monitoring change in 

disease status as a result of disease progression or response to 
therapy

n guiding therapeutic and diagnostic procedures.
This has come about partly as improvements in ultrasound tech-

nology have occurred, but perhaps more significantly the role of 
ultrasound has developed as a result of changes in the way the 
inflammatory arthritides are managed clinically. The introduction 
of expensive biological therapies for a broad range of inflammatory 
arthritides has rendered the use of more costly diagnostics rela-
tively cost effective.

This chapter will review the appearances of arthritis on ultra-
sound and the areas where ultrasound has an application both in 
current clinical practice and potentially in the future. The role of 
ultrasound in guiding therapeutic and diagnostic procedures will 
also be briefly discussed.

TECHNICAL ASPECTS OF 
RHEUMATOLOGICAL ULTRASOUND

Musculoskeletal ultrasound requires high-frequency probes in 
order to achieve the necessary resolution for accurate diagnosis. 
The majority of joints are superficial and can be imaged effectively 
using probe frequencies of 7.5 MHz or higher. These probes should 
be linear array, with curvilinear transducers available where neces-
sary. The advent of beam steering technology and compound 
imaging on modern machines has allowed many manufacturers to 
provide widened field of views on linear probes with a trapezoid 
configuration. This can be a useful facility for improved demonstra-
tion of the anatomy of larger structures, such as the hip joint, on a 
single image.

Near-field resolution has greatly improved over the past decade 
with the need for a gel stand-off pad no longer necessary for most 
musculoskeletal applications. There are, however, still a few occa-
sions when a stand-off can be of value. When examining superficial 
structures with Doppler techniques, probe pressure can signifi-
cantly affect flow within lesions. Minimal probe pressure can be 
achieved by applying and maintaining a layer of jelly interposed 
between the skin and probe. Extended field-of-view and three-
dimensional techniques are of debatable value in diagnostic terms 
but are useful when demonstrating an abnormality to clinicians or 
colleagues.

To achieve high diagnostic yield the examiner should use the 
highest possible probe frequency to give sufficient penetration to 
visualise the tissue of interest. The focal zones should be centred at 
the level of the tissue of interest, utilising the lowest frame rate 
possible to allow dynamic assessment of the tissue.

Artefacts that may interfere with ultrasound assessment of 
tendons include anisotropy and beam edge artefact. If the incident 
sound beam is not perpendicular to the long axis of an anisotropic 
structure such as a tendon, there may be dramatic reduction in the 
echogenicity of the tendon. Beam edge artefact is most evident 
around the margins of large tendons. It results in a characteristic 
appearance at the edge of the tendon with loss of signal and distal 
acoustic shadowing that may obscure fluid or inflammation in the 
paratenon (Fig. 59.1).

Doppler imaging plays an important role in the assessment of 
synovium and can be used to assess disease activity. An important 
artefact is flash artefact, which results from movement of the trans-
ducer or patient while scanning using power or colour Doppler.1 
Power Doppler is more susceptible to this artefact, which can be 
minimised by increasing the pulse repetition frequency and reduc-
ing gain. Altering the persistence may also help. Doppler artefact 
may also be produced from bone cortex deep to its interface with 
the overlying soft tissues (Fig. 59.2).2

Joint ultrasound should be methodical and cover all areas of the 
joint in longitudinal and transverse planes. Joint motion can be 
important in the demonstration of small joint effusions.

Andrew J. Grainger and Philip O’Connor
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ultrasound as a discrete structure. Thickening and inflammation of 
the synovium are hallmarks of the inflammatory arthritides but are 
also seen following trauma, as part of the osteoarthritis spectrum 
and as features of other joint diseases including septic arthritis. 
Synovitis is readily demonstrated on ultrasound.

The OMERACT group have defined the appearance of articular 
synovitis on ultrasound as:

Figure 59.1 Beam edge artefact. A: Transverse ultrasound of the Achilles tendon (A). There is severe beam edge artefact on either side 
of the tendon shown as low reflective areas (*). B: When the probe is moved to interrogate the tissues at the side of the tendon (A) low 
reflective inflammatory change in the paratenon is demonstrated (arrow), which was not visualised previously due to the beam edge 
artefact.

A B

Figure 59.2 Flash artefact. Longtitudinal power Doppler image 
through second metacarpophalangeal joint. The flash artefact is 
clearly demonstrated (arrowheads) at the bone cortex of the distal 
metacarpal (MC).

Introduction and technical aspects

• Ultrasound has an important role in the assessment and 
management of rheumatological conditions.

• The introduction of expensive biological therapies for inflammatory 
arthritis has rendered diagnostics relatively cost effective.

• Improved near-field resolution means that a gel stand-off pad is 
no longer necessary for most musculoskeletal applications.

• To achieve high diagnostic yield use the highest possible probe 
frequency to give sufficient penetration to visualise the tissue of 
interest.

• The focal zones should be centred at the level of the tissue of 
interest, utilising the lowest frame rate possible to allow dynamic 
assessment of the tissue.

• Increase the pulse repetition frequency and reduce gain to avoid 
power Doppler flash artefact.

ULTRASOUND FEATURES OF ARTHRITIS

Synovitis

Synovial joints, bursae and tendon sheaths are lined by a thin syno-
vial membrane. In joints the synovial membrane lines the joint 
capsule and intra-articular ligaments. It covers exposed bone, but 
stops short of the margins of articular cartilage. Histologically the 
synovial membrane has distinct layers with a surface comprising 
one to three layers of synovial cells applied to a thin connective 
tissue layer containing capillaries. Despite this complex structure 
the normal synovial membrane is not usually visualised on 
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pressure is necessary. A stand-off or water bath can be used, but 
generally the use of a liberal amount of acoustic jelly allows virtu-
ally no pressure to be exerted on the joint.

There has been considerable focus on the quantification of syno-
vitis vascularity using Doppler techniques. Disease activity corre-
lates with synovial vascularity and will be discussed later in this 
chapter. Ultrasound contrast media can be detected following injec-
tion as it reaches the synovium and makes any vascularity extremely 
obvious. This may have a role to play in the quantification of 
vascularity.

Ultrasound is a reliable method of demonstrating synovitis com-
pared with magnetic resonance imaging (MRI) as a gold standard5–7 
and, as it is more sensitive than clinical examination, is of increasing 
importance as the trend towards the early diagnosis of inflamma-
tory arthropathies continues.5,8,9

Abnormal hypoechoic (relative to subdermal fat, but 
sometimes may be isoechoic or hyperechoic) intra-articular 
tissue that is nondisplaceable and poorly compressible and 
which may exhibit Doppler signal.3

The three points, that synovitis
1. is non-displaceable
2. is poorly compressible
3. may exhibit Doppler signal
are particularly important in assisting the ultrasonographer to dis-
tinguish synovitis from effusion, as will be discussed in the next 
section.

The echogenicity of thickened synovial tissue is highly variable, 
as suggested by the definition, and is related to the amount of 
extracellular fluid; the more fluid present, the less echogenic the 
tissue. As a result it is possible for synovitis to have an almost 
anechoic appearance. The morphology of the inflamed synovium is 
also variable, sometimes appearing as a solid mass lesion and some-
times having a more frond-like appearance (Fig. 59.3A and B). In 
the inflammatory arthritides, synovitis is often seen in characteristic 
sites in individual joints, such as the suprapatellar pouch of the 
knee, ulnar aspect of the wrist or along the radial and ulnar aspects 
of the metacarpophalangeal (MCP) joints.4

Synovitis shows varying degrees of vascularity as assessed with 
Doppler imaging. Both colour and power Doppler signal are 
detected in synovitis. As the direction of flow is generally not of 
interest and the technique is not angle dependent, assessment of 
vascularity with power Doppler imaging is generally preferred 
(Fig. 59.3C). Pressure may occlude vessels in synovium and prevent 
flow and visualisation of vessels. Consequently light transducer 

Figure 59.3 Synovitis. A: Extended field-of-view longitudinal 
ultrasound of the radiocapitellar joint in a patient with rheumatoid 
arthritis. There is severe synovitis present seen as low reflective 
intra-articular tissue bulging the anterior joint capsule (*). C, 
capitellum; R, radial head. B: Longitudinal ultrasound of the first 
metatarsophalangeal joint. There is again synovitis present but in 
this case it is seen in combination with a joint effusion as frond-like 
material with intermediate echogenicity (arrowheads). The effusion  
is seen as anechoic areas within the joint. P, proximal phalanx;  
M, metatarsal head. C: Longitudinal ultrasound of the first 
metatarsophalangeal joint in a patient with rheumatoid arthritis 
showing intense power Doppler signal from the low reflective 
synovium. P, proximal phalanx; M, metatarsal head.

Synovitis

• The normal synovial membrane is not usually visualised on 
ultrasound.

• Thickening and inflammation of the synovium are hallmarks of the 
inflammatory arthritides.

• Relative to effusion, synovitis is non-displaceable, poorly 
compressible and may exhibit Doppler signal.

• Probe pressure may occlude vessels in synovium and prevent 
flow and visualisation of vessels.

• Ultrasound is a reliable method of demonstrating synovitis 
compared with MRI.
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Erosions

Breaks in the bone cortex, erosions, are important indicators of 
inflammatory arthritis and provide prognostic information (Fig. 
59.5). As with synovitis the OMERACT group has produced a defi-
nition for the ultrasound diagnosis of erosion:

An intra-articular discontinuity of the bone surface visible in 
2 perpendicular planes.3

An important part of this definition is the need to demonstrate 
the discontinuity in two perpendicular planes. This helps to distin-
guish erosions from normal variations in bony contour that might 
otherwise be confused for erosions. Comparison with the contral-
ateral joint can be useful.

With ultrasound imaging erosions are often seen to be associated 
with synovitis (Fig. 59.5A). Unlike MRI, ultrasound gives no infor-
mation regarding the bone adjacent to the erosion, such as the 
presence of marrow oedema.

The high-resolution and multiplanar capabilities of ultrasound 
make it more sensitive than radiographs to erosion detection.10,11 
Ultrasound detects 6.5 times as many erosions in 7.5 times as many 
patients in early rheumatoid arthritis and 3.4 times as many ero-
sions in 2.7 times as many patients in late rheumatoid arthritis as 
radiographs.10 Ultrasound and MRI are of comparable sensitivity 
(Fig. 59.5B and C)12,13 and are more sensitive than CT for smaller 
erosions.14

Ultrasound will miss erosions at sites not amenable to ultrasound 
such as the radial and ulnar sides of the middle and ring MCP joints 
that cannot be visualised with ultrasound.

Ultrasound also depends on the experience and skill of the opera-
tor. Using experienced sonographers, Wakefield et al. reported 
intraclass correlation coefficients (ICC) of 0.75 for intra-observer 
agreement and 0.76 for inter-observer agreement.10

Effusion

Joint fluid most frequently appears anechoic but occasionally has a 
more complex echo appearance. Knowledge of the normal joint 
anatomy, in particular the capsular attachments and recesses, is 
important when examining a joint for fluid. Generally fluid is best 
identified in capsular recesses such as the suprapatellar pouch of 
the knee and the biceps sheath of the shoulder. Hyaline cartilage is 
anechoic and can occasionally be difficult to distinguish from adja-
cent fluid. Usually a thin hyperechoic interface between the two is 
visible.

Fluid appears compressible. Probe pressure will squeeze fluid 
into other parts of the joint and, along with an absence of Doppler 
signal, distinguishes fluid from hypo- or anechoic synovitis (Fig. 
59.4). This distinction can be difficult, particularly with more 
complex echogenic fluid with an apparent internal structure. Such 
effusions may result from more proteinaceous fluid, crystal deposi-
tion, fibrin or cellular debris. Compression of more complex fluid 
with the probe (sonopalpation) may bring about movement of inter-
nal echoes, distinguishing fluid from solid tissue.

It is rarely possible to visualise all parts of a joint with ultrasound 
and so an attempt must be made to displace any fluid into sono-
graphically accessible areas by moving the joint while scanning.

Like synovitis the presence of an effusion is a non-specific finding. 
The echo characteristics of an effusion do not provide information 
as to its aetiology. This is particularly important in the context of 
septic arthritis. An effusion due to infection can appear anechoic, 
hypoechoic or complex in nature. A common misconception is that 
anechoic effusions are unlikely to be due to sepsis. The only way 
to reliably exclude joint sepsis is by aspirating the joint. While the 
presence of an effusion is a non-specific finding, the absence of an 
effusion does effectively rule out infection.

Figure 59.4 Effusion. A: Joint effusion in metatarsophalangeal joint on longitudinal ultrasound (*). B: Following compression with the 
probe, fluid is squeezed into other parts of the joint so the effusion is compressible, distinguishing it from synovitis, which would appear 
non-compressible. P, proximal phalanx, M, metatarsal head.

A B

Effusion

• Fluid is compressible on sonopalpation.
• Sonopalpation of more complex fluid may produce movement of 

internal echoes, distinguishing fluid from solid tissue.
• The only way to reliably exclude joint sepsis is by aspirating  

the joint.

Erosions

• Erosions cause intra-articular discontinuity of the bone surface 
visible in two perpendicular planes.

• Synovitis is often seen with erosions in inflammatory arthritis.
• Ultrasound is more sensitive than radiographs in erosion 

detection.
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arthritides and is a feature of early rheumatoid arthritis. Tenosyno-
vitis represents an inflammation of the synovial sheath which sur-
rounds some tendons (the tenosynovium). Not all tendons have a 
tenosynovium. It tends to be present in tendons that pass through 
narrow, confined spaces, or change direction of travel by passing 
around other anatomical structures such as the flexor and extensor 
tendons of hands and feet.

Features of tenosynovitis are thickening of the tenosynovium 
surrounding the tendons (synovitis) and fluid within the tendon 
sheath. While both fluid and thickening of the synovium may be 
seen, often one component predominates. As in joints, the thickened 
synovium may appear of low or increased reflectivity and show 
Doppler signal due to hypervascularisation. Synovial hypertrophy 
may produce a uniformly thickened mass or may have a frond-like 
pattern (Fig. 59.7).

Tendinopathic change may occur within tendons in association 
with tenosynovitis or as a result of impingement of the tendon on 
bony prominences and irregularities that result from the arthro-
pathic process. This change may progress to partial thickness 
tearing and ultimately to tendon rupture.

Figure 59.5 Erosions. A: Transverse ultrasound through the third 
metacarpal head in a patient with rheumatoid arthritis. An erosion is 
demonstrated (arrowheads) and there is associated low reflective 
synovitis showing areas of power Doppler signal. Note this extends 
into the erosion. B: Transverse ultrasound through the third 
metacarpal head (M) in a different patient to A. Two erosions are 
seen (arrowheads). C: Transverse 3D T2-weighted MRI scan 
reconstructed and fused to the ultrasound image B showing the 
same two erosions (arrowheads).

A

B

C

Other bone changes and cartilage

Ultrasound demonstrates joint space loss and cartilage thinning in 
both inflammatory and mechanical (osteo) arthritis,15–17 osteophytes 
in osteoarthritis, and at the knee joint may show meniscal degenera-
tion and Baker’s cyst formation.16,18,19 Although osteoarthritis is not 
considered in the same group as the inflammatory arthritides, it has 
an inflammatory component. Synovitis, if demonstrated, indicates 
that intra-articular corticosteroid treatment may be helpful.

Crystal deposition on articular cartilage is seen in 92% of joints 
affected by gout and demonstrates a characteristic double contour 
sign. Crystals may also be detected within the joint fluid or syn-
ovium itself (Fig. 59.6).20

Tendon disease

Inflammatory change associated with tendons in the form of teno-
synovitis is an important finding seen in the inflammatory 
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Changes occur in both the inserting structure and the adjacent 
bone. The inserting tendon or ligament shows features typical of 
tendinopathy with thickening and low reflective change centred on 
the insertion point (Fig. 59.8). Doppler ultrasound may demonstrate 
neovascularisation of the tendon. Ultrasound shows surface 
changes in bone: erosion and enthesophyte formation (Fig. 59.8A). 
In contrast, MRI also shows changes in adjacent marrow signal.

Erosions are similar in appearance to marginal erosions seen in 
joints in rheumatoid arthritis with a cortical break shown in two 
planes. Enthesophytes are seen as brightly reflective proliferative 
new bone on the bone surface at the enthesis site. The new bone 
may lie both in and adjacent to the inserting soft tissue structure. 
The earliest bone change in enthesitis is subtle surface irregularity, 
equivalent to the periostitis seen on plain films.

Bursitis is frequently associated with enthesitis, particularly ret-
rocalcaneal bursitis in association with Achilles enthesitis and infra-
patellar bursitis associated with patellar tendon enthesitis.

In digits the demonstration of enthesitis is difficult although 
periosteal new bone may be visualised. Frequently there is more 
generalised inflammatory change in the form of dactylitis with 
flexor tenosynovitis and generalised, non-specific soft tissue 
oedema.22–24

Rheumatoid nodules may also be seen in tendons; see later 
discussion.

Entheseal disease

Inflammation of the enthesis (enthesitis) is a characteristic feature 
of the seronegative arthritides such as ankylosing spondylitis and 
psoriatic arthritis. The enthesis refers to the point of insertion  
of ligaments, tendons and capsular tissues into bone. We are 
increasingly understanding the complex nature of these  
insertions which involve multiple histological components includ-
ing fibrocartilage.21

Figure 59.6 Gout. A: Crystal deposition in a first metatarsophalangeal joint in a patient with gout. Multiple brightly echogenic foci are seen 
within the joint (arrows). B: Longitudinal ultrasound of the fifth metacarpophalangeal joint in a patient with gout. Crystal deposition in the 
articular cartilage over the metacarpal head results in a double contour sign (arrowheads) paralleling the bone interface of the metacarpal 
head itself (arrows).

A B

Figure 59.7 Flexor tenosynovitis seen on longitudinal ultrasound 
at the level of the second proximal interphalangeal joint in a patient 
with rheumatoid arthritis. The tenosynovium is markedly thickened, 
appearing as a lobulated low reflective mass (arrowheads) 
surrounding the normal tendon (t).

Tendons and entheseal disease

• Tenosynovitis is inflammation of the synovial sheath.
• Not all tendons have a tenosynovium. Tendons passing through 

fibro-osseous tunnels typically have tendon sheaths.
• Tendinopathic change may occur in tendons in association with 

tenosynovitis or as isolated findings.
• The enthesis is the point of insertion of ligaments, tendons and 

capsule into bone.
• Inflammation of the enthesis is characteristic of the seronegative 

arthritides.
• Ultrasound shows surface changes in bone erosion and 

enthesophyte formation, and Doppler ultrasound demonstrates 
neovascularisation and tendinopathic change.
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reliable measure of synovial blood flow,30,31 although not without 
problems. Transducer pressure must be as light as possible to avoid 
occluding flow. Variations in ambient temperature and variation 
between different machines, in particular differences in spatial and 
temporal resolution and post processing algorithms, can make high 
levels of reproducibility difficult to obtain. This is a particular 
problem when power Doppler is used in longitudinal studies with 
follow-up at multiple time points.

Power Doppler has been used in combination with ultrasound 
contrast agents to demonstrate synovial vascularity and one study 
has shown high levels of agreement with contrast-enhanced MRI.32 
Another study used arthroscopy as a reference to show that 
contrast-enhanced power Doppler sonography is more accurate 
than power Doppler sonography in demonstrating synovial hyper-
vascularity in the knee joint.33 Despite this, contrast-enhanced 
power Doppler in the investigation of synovitis has not entered the 
mainstream partly as a result of the additional cost, time and 
invasiveness.

The use of power Doppler to monitor disease activity has so far 
largely involved small-scale studies producing preliminary data in 
a research environment. Both quantitative and semi-quantitative 
measures of vascularity have been applied. Quantification of power 
Doppler signal can be undertaken by counting the number of pixels 
showing power Doppler signal and this is a technique that has been 
applied in cross-sectional and longitudinal studies.34–38

An alternative method of quantification makes use of the resistive 
index (RI) calculated from spectral Doppler measurements of 

USING ULTRASOUND TO MONITOR 
DISEASE PROGRESSION

The use of modern disease-modifying anti-rheumatic drugs 
(DMARDs), which are capable of stopping joint destruction and 
preventing functional debility, requires accurate assessment of 
disease activity and progression or response to treatment. Increas-
ingly imaging is used to assess disease activity. If the disease 
process fails to respond to a particular drug or drug combination, 
then a different drug treatment regimen can be instituted.

MRI techniques have evolved for assessing disease activity. 
These include quantification of synovitis through volume measure-
ment or rate of gadolinium uptake and scoring of erosions. However, 
MRI can be poorly tolerated by patients, particularly those with 
severe arthropathy. Assessment of synovitis usually requires intra-
venous injection of gadolinium, the imaging process is time-
consuming and expensive and it is difficult to assess multiple joints. 
Ultrasound in contrast is well tolerated and multiple joints can be 
assessed in a short time. Ultrasound markers of disease activity that 
can be assessed include effusion, synovial volume and vascularity 
and erosions.

Although volume of effusion can be assessed with ultrasound, 
this is easier to do in the larger superficial joints such as the knee 
than in deeper joints such as the hip or smaller joints such as those 
of the hands and feet. Ultrasound assessment of effusion in finger 
and toe joints does not achieve the levels of inter-observer agree-
ment that are obtained for assessments of synovitis and erosion.25 
Poor reproducibility of effusion volume measurements may be 
because the effusion pools in areas of the joint that cannot be 
assessed easily with ultrasound, or because pressure on the probe 
displaces fluid elsewhere in the joint. Nevertheless ultrasound 
monitoring of joint effusions in longitudinal studies has shown 
change with treatment in both rheumatoid arthritis and the seron-
egative arthritides.6

Unlike MRI it is relatively difficult to obtain an accurate quanti-
fication of synovial volume, although semi-quantitative methods 
have been described.7 Instead many ultrasound studies have con-
centrated on the use of Doppler techniques to assess the vascularity 
of the inflamed synovium. This is largely based on MRI and histo-
logical studies that have shown an association between synovial 
vascularisation and disease activity.26–29 Although colour and power 
Doppler can be used, power Doppler is more sensitive and is a 

Figure 59.8 Enthesitis. A: Longitudinal ultrasound of the plantar fascia insertion in a patient with psoriatic arthritis. Enthesitis is evident 
with low reflective thickening of the plantar fascia itself (P) along with erosion of the calcaneum at the entheses site (arrows). C, calcaneum. 
B: Extended field-of-view longitudinal ultrasound of the Achilles tendon insertion in the same patient. Again entheseal disease is evident, 
with thickening and low reflective change seen within the tendon at its enthesis (A). C, calcaneum.

A B

Monitoring disease progression

• Ultrasound is well tolerated and multiple joints can be assessed 
at a single visit.

• Ultrasound markers of disease activity that can be assessed 
include effusion, synovial volume and vascularity and erosions.

• Ultrasound monitoring of joint effusions in longitudinal studies has 
shown changes in response to treatment but has poor 
reproducibility.

• The use of power Doppler to monitor disease activity has so far 
largely involved small-scale studies producing preliminary data in 
a research environment.
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Figure 59.9 Gout tophus in a first toe. Note the brightly 
echogenic crystal deposits in the lesion centre (arrowhead). D, distal 
phalanx.

Figure 59.10 Longitudinal ultrasound along a digital flexor 
tendon (T). The tendon contains a rheumatoid nodule seen as a 
low reflective lesion (arrow). A thickened annular pulley is seen close 
by as a low reflective band overlying the tendon (arrowheads) and 
the patient was experiencing triggering as the nodule passed under 
the pulley.

Masses and arthritis mimics

• Periarticular mass lesions may arise from or be related to 
underlying arthritis.

• Pigmented villonodular synovitis (PVNS) produces a diffuse mass 
or thickening of joint, tendon or bursal synovium affecting usually 
only one site. There are no specific echo characteristics.

• Synovial chondromatosis has typical ultrasound appearances of 
bright surface reflectivity and posterior acoustic shadowing with 
single joint involvement.

• There is no associated arthropathy or a disparity between the 
severity of arthropathy and the number of bodies.

• Gouty tophi usually have heterogeneous echotexture, with the 
crystal material varying in echogenicity from hyperechoic to 
hypoechoic.

• Two-thirds of tophi occur in the feet.
• Rheumatoid nodules are seen commonly in seropositive 

rheumatoid arthritis.
• Rheumatoid nodules have a predilection for developing in 

pressure areas such as the elbow or heel and have well-defined 
margins with generally more homogeneous hyperechoic 
echotexture than tophi.

• Amyloid infiltration of tendons is well recognised and can be 
detected at ultrasound as thickening of the tendon.

• Amyloid infiltration needs to be considered in the differential 
diagnosis of conditions producing tendon infiltration including 
gout.

flow.37–39 An increasing resistive index, suggesting reduced hyper-
vascularity of synovium, has been shown following treatment.37,39

PERIARTICULAR MASSES AND 
ARTHRITIS MIMICS

Periarticular mass lesions may arise from or be related to underly-
ing arthritis. Other pathological entities can present as periarticular 
swelling or with clinical features of arthritis.

Two synovial based masses warrant special consideration. Pig-
mented villonodular synovitis (PVNS) and synovial chondromato-
sis arise from joint synovium. PVNS is seen on ultrasound as a focal 
or diffuse mass or thickening of joint, tendon or bursal synovium. 
Usually only one joint is affected. There may be associated bone 
erosion. There are no specific features relating to the echo charac-
teristics of the mass. When suspected, MRI is valuable because 
PVNS can be diagnosed if areas of low-signal intensity due to 
haemosiderin deposition are seen on gradient-echo images. Syno-
vial chondromatosis is a benign proliferative condition of synovium 
associated with metaplastic cartilaginous nodules within the joint, 
tendon sheath or bursa. Although ultrasound appearances are rela-
tively non-specific, cartilage nodules may undergo ossification 
(synovial osteochondromatosis), in which case the synovial mass 
will be seen to be associated with multiple calcific bodies. These 
have typical ultrasound appearances of bright surface reflectivity 
and posterior acoustic shadowing. Single joint involvement, no 
associated arthropathy or a disparity between the severity of 
arthropathy and the number of bodies should raise the possibility 
of primary synovial osteochondromatosis.

Other mass lesions that can occur in clinical practice are masses 
related to crystal deposition and rheumatoid nodules.

Tophi in chronic gout occur in the periarticular soft tissues and 
have fairly characteristic ultrasound appearances (Fig. 59.9). They 
usually have heterogeneous echotexture with the crystal material 
varying in echogenicity from hyperechoic to hypoechoic. Lesions 
are clearly demarcated and normally have a well-defined surround-
ing anechoic margin. Tophi are associated with neovascularity and 
can demonstrate marked hyperaemia on Doppler examination. 
Erosion of adjacent bone is common and seen more often in the feet 
than the hands. About two-thirds of tophi in the feet are associated 
with erosion compared with only a quarter in the hands. Where 
there is diagnostic doubt ultrasound is an excellent tool for diag-
nostic aspiration.

Rheumatoid nodules are a common extra-articular feature of 
rheumatoid arthritis, occurring in approximately one-quarter of 
rheumatoid arthritis patients. They are most common in the peri-
articular subcutaneous tissues and have a predilection for 

developing in pressure areas such as the elbow or heel but can occur 
in a wide variety of tissues including tendons, kidney, lung and 
heart.40 In the soft tissues they have well-defined margins with 
generally more homogeneous hyperechoic echotexture than tophi.41 
Central necrosis can occur and results in central heterogeneity or 
hypoechogenicity. Rheumatoid nodules adjacent to bone can be 
associated with cortical remodelling, although cortical erosion 
occurs less frequently than with tophi. Tendon-related rheumatoid 
nodules characteristically occur immediately adjacent to the tendon 
rather than in the tendon (Fig. 59.10). They may result in triggering 
as they ‘catch’ on adjacent structures such as annular pulleys and 
retinacula. Dynamic examination may demonstrate the triggering.
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Bursae

Bursae are pouches of fluid that facilitate movement between struc-
tures by reducing friction.

Two types of bursae are recognised:
n Synovial lined bursae tend to occur in well-recognised 

positions and may communicate with the adjacent joint.
n Adventitial bursae have no synovial lining and are acquired 

as a result of friction between two structures leading to the 
collection of fluid within the tissues separating them. They are 
much more variable in location and may develop at specific 
sites relating to a patient’s occupation or a sporting activity.

Bursae normally contain only a trace of fluid. However, if a bursa 
becomes inflamed as a result of trauma, infection or autoimmune 
condition then it will become distended with fluid. Associated 
thickening of the bursal synovial lining may be demonstrated with 
ultrasound. Thickened bursal synovium shows a similar range of 
ultrasound appearances to those seen in joint synovitis.

Although the fluid will often appear anechoic, the presence of 
haemorrhage or infection will lead to fluid with a more complex 
and echogenic appearance. Bursae around individual joints can be 
very variable, especially the hip and knee. However, the distribu-
tion of bursae around some joints is more predictable, including the 
subacromial bursa of the shoulder, the olecranon bursa at the elbow 
(Fig. 59.11), the retrocalcaneal bursa of the ankle and some bursae 
about the anterior knee. Bursae which communicate with joints may 
become distended in the presence of synovitis and effusion; for 
instance, popliteal cysts in adults are often secondary to a primary 
knee abnormality such as osteoarthritis.42–44 A distended Baker’s 
cyst has a characteristic ‘speech bubble’ appearance that should be 
identified to make the diagnosis (Fig. 59.12). In other cases joint 
communication is variable, as with the iliopsoas bursa, which may 
or may not communicate with the hip.

Periarticular cysts

Periarticular cysts are readily identified on ultrasound and may be 
indicators of underlying joint disease. As part of the spectrum of 
rheumatological disease, fibrocartilaginous degeneration and 
tearing may be seen, typically in the menisci of the knee and labrum 
of the shoulder and hip. When this occurs it may be associated with 
cyst formation. The first presentation of a patient with knee oste-
oarthritis may be with a lump resulting from a meniscal cyst associ-
ated with a degenerate and extruded meniscus. Around the hip and 
shoulder, cysts associated with degeneration or tearing of the 
acetabular or glenoid labrum may also be identified.45–47

Figure 59.11 Olecranon bursitis. Extended field-of-view 
longitudinal ultrasound showing olecranon bursitis, which is seen as 
a pocket of anechoic fluid (arrowheads) overlying the olecranon (O).

Figure 59.12 A large popliteal cyst is demonstrated in transverse 
section (Pop). Characteristically the neck of the cyst is demonstrated 
extending deeper towards the knee joint between the medial head 
of gastrocnemius (G) and semimembranosus tendon (S), giving the 
cyst a ‘speech bubble’ configuration.

Amyloidosis

Ultrasound has been utilised in the diagnosis and monitoring of 
periarticular amyloidosis although the findings are not specific. 
Amyloid infiltration of tendons is well recognised and can be 
detected at ultrasound as thickening of the tendon. This has been 
most frequently described in the rotator cuff tendons, but it also 
occurs in other tendons.48–51 Amyloid should be considered in the 
differential diagnosis of conditions giving tendon infiltration 
including gout. Additional findings in amyloidosis include thicken-
ing of the joint capsule and synovitis.51 There is evidence from a 
longitudinal study in patients with dialysis-related amyloidosis 
that the thickness of the supraspinatus tendon can be related to the 
duration of dialysis, suggesting there may be a role for ultrasound 
in monitoring the disease progress.51

JOINT INFECTION AND ULTRASOUND

The presence or absence of joint infection is one of the key diagnoses 
made in clinical practice. Ultrasound can help in making this diag-
nosis. The clinical presentation of infection is variable. Patients 
usually present with pain and swelling in the affected joint. Pain is 
particularly prominent and in patients complaining of severe pain 
infection must be excluded. Occasionally patients present with rela-
tively low-grade symptoms. These tend to be patients who are 
immunocompromised or cases where the infective agent is less 
aggressive.

Diagnostic radiographic features of infection are delayed and the 
classic appearances of periarticular osteopenia with panarticular 
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joint space loss take time to develop. MR and ultrasound appear-
ances are relatively non-specific with inflammatory change and 
effusion present in the affected joint. In the skeletally immature 
patient infection can begin in the growth plate of the bone with 
secondary extension of infection into either the subperiosteal or 
joint space. Ultrasound assessment involves the diagnosis of effu-
sion, synovitis and subperiosteal collections. Assessment of the 
periosteum adjacent to joints is particularly important in skeletally 
immature patients where subperiosteal abscesses are more common. 
The accuracy of ultrasound in demonstrating effusions in large 
joints like the hip can be somewhat limited52 and where there is 
strong clinical suspicion recourse to MR assessment may be 
required. Where abnormality is seen within the joint, power 
Doppler assessment should be performed and can help differentiate 
synovitis from effusions. Some studies suggest that using ultra-
sound contrast agents can help more reliably to identify synovitis 
in the large joints though there is some persisting doubt.53 In infec-
tion substantial power Doppler signal is seen in the periarticular 
soft tissues. Synovial thickening within the joint is one of the key 
features. Even in paediatric patients where there is good sono-
graphic access to the joint, the sensitivity, specificity and positive 
predictive value for infection versus transient synovitis is between 
85% and 90%.54 As a result, when effusion is demonstrated and 
infection is clinically suspected, diagnostic aspiration needs to be 
performed under ultrasound guidance to confirm or refute the pres-
ence of infection. This should be performed under strict sterile 
conditions to avoid introducing infection. Samples should be sent 
for microscopy, culture and sensitivity and TB culture. One study 
looked at percutaneous treatment of paediatric septic arthritis with 
repeated aspiration and washout without arthrotomy.55 This proved 
effective in 24 of 34 patients, with earlier return to normal activity 
and no complications.

Ultrasound is less promising in the assessment of periprosthetic 
infection in hip replacements and is not advised as a standalone 
assessment.56

USE OF ULTRASOUND IN GUIDING 
DIAGNOSTIC AND THERAPEUTIC 
INTERVENTION

Ultrasound is ideally suited for guiding diagnostic and therapeutic 
injections into joints, tendon sheaths and bursae. The purpose of a 
diagnostic injection is to determine if symptoms arise from a spe-
cific site by showing if they are abolished by injection of local 
anaesthetic. The need for accurate needle placement is clear. Local 
anaesthetic and corticosteroid can be combined for a therapeutic 
injection.

Intervention and infection

• Ultrasound is ideally suited for guiding diagnostic and therapeutic 
injections into joints, tendon sheaths and bursae.

• Pain is particularly prominent in infection. In patients complaining 
of severe pain infection must be excluded.

• Ultrasound assessment of possible infection should look for 
effusion, synovitis and subperiosteal collections.

• Assessment of the periosteum adjacent to joints is particularly 
important in skeletally immature patients where subperiosteal 
abscesses are more common.

• The accuracy of ultrasound in demonstrating effusions in large 
joints like the hip is more limited than one might think.

• As a result, when effusion is demonstrated and infection is 
clinically suspected, diagnostic aspiration is needed.
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INTRODUCTION

The physical and psychosocial benefits of regular exercise are 
widely documented. Regular sporting activity can prolong life and 
reduce the risk of ischaemic heart disease and stroke.1–3 However, 
the increase in exercise levels in the general population and the ever 
greater demands on professional athletes have increased the risk of 
sports-related injuries especially to muscle.

The radiologist is central to the diagnosis and management of 
skeletal muscle injury. Whilst magnetic resonance imaging (MRI) 
provides excellent lesion detection and anatomical localisation, it is 
expensive, time consuming and acquires a static image. Although 
sonography is limited by its reduced contrast resolution, operator 
dependence and limited image field, it is cheap, readily accessible, 
provides dynamic examination and has superior spatial resolution 
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to MRI. Most machines are now capable of extended field-of-view 
imaging which facilitates image interpretation to the non- 
ultrasound specialist.4 High quality ultrasound can be achieved 
using portable machines, useful in the early diagnosis and follow-up 
of muscle injury.

In this chapter, we describe sonographic normal anatomy, optimal 
technique, and features of acute and chronic skeletal muscle injury.

SONOGRAPHIC TECHNIQUE

Recent developments in ultrasound technology have led to signifi-
cant advances in ultrasound imaging of skeletal muscle injury. 
Several commercially available machines are now capable of 
imaging at 17 MHz, allowing extremely fine spatial resolution in the 
near field although they are limited by their reduced tissue penetra-
tion. This can be a problem in athletes in whom muscle hypertrophy 
may limit assessment of deep muscle injury, particularly in the 
thigh. In deep muscle injury, it may be necessary to either use a 
reduced frequency linear transducer (7–13 MHz) or, for larger 
patients, a curvilinear array transducer (3.5–7.5 MHz). Extended 
field-of-view imaging further enhances the value of sonography.5

The ultrasound examination is aided by obtaining a brief history 
and physical examination of the patient. In the sonographic assess-
ment of muscle injury, it is advisable to consider the muscle com-
partment as a whole and then to focus on the injured individual 
muscle. Comprehensive sonographic examination of the injured 
muscle compartment is recommended as muscle injuries are not 
always accurately localised clinically.6 Liberal use of gel couplant 
is advisable. The operator should not press too firmly as excess 
pressure can reduce detection of blood flow on Doppler imaging, 
obscure small tears by distorting fibre orientation and displacing 
myofascial fluid collections/haemorrhage or reduce myofascial 
hernias (see later section).7 The patient may need to be scanned in 
different patient positions to increase the conspicuity of a lesion. 
For example, during the assessment of anterior compartment or 
peroneal compartment myofascial hernia, it may be useful to scan 
the patient in the squat position as this increases intra-compartmental 
pressure, forcing any occult hernias into view.8

The transducer must remain perpendicular to the bulk of the 
muscle fibres to prevent anisotropy artefact.9 The normal juxtaposi-
tion of areas of hyper- and hypoechogenicity within a single muscle 
may lead to misinterpretation of muscle oedema. Therefore, it is 
important to alter the angle of obliquity repeatedly when scanning 
for muscle oedema to ensure that the increased reflectivity is a 
constant finding.

Dynamic scanning during active and passive muscle movement 
is a major advantage of sonography over MRI and is essential as 
significant disruption of muscle fibres may only become apparent 
during contraction.9

Extended field-of-view (EFOV) imaging, now commonly availa-
ble, allows the sonographer and clinician to assess the muscle in 
relation to its surrounding anatomy.10 EFOV imaging improves the 
reliability of sonographic diagnosis of muscle atrophy.11
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NORMAL ANATOMY

Skeletal muscle is innervated by somatic nerves and forms the bulk 
of the muscle tissue in the human body. Although skeletal muscle 
mass varies between individuals, it typically contributes up to 35% 
of total body weight in women and up to 50% in men.12 Before 
considering the gross morphological appearances of muscle, knowl-
edge of skeletal muscle microstructure is useful in understanding 
how a muscle injury develops and how chronic complications can 
occur following injury.

Microstructure

Several cell types in the human body are capable of changing shape 
by altering elements of their cytoskeleton, for example macro-
phages during phagocytosis. However, in muscle tissue, the paral-
lel arrangement of the abundant molecular myofilament proteins of 
actin and myosin (and their related proteins) ensures that changes 
at the molecular level result in contraction of the whole cell in a 
single direction. When grouped together in this parallel fashion, 
these contractile proteins are referred to as myofibrils (Fig. 60.1).

The cellular unit of skeletal muscle has a variety of different 
terms: muscle cells, muscle fibres, and myocytes. For the purposes of 
this chapter, we will refer to the cellular unit as a muscle fibre. These 
long cylindrical structures tend to be consistent in size within a 
given muscle but vary greatly between muscles. The connective 
tissue of skeletal muscle provides the framework for maintaining 
the shape of the muscle in both the contracted and relaxed state. 
The endomysium is a delicate network of connective tissue, which 
surrounds individual muscle fibres and contains the vessels and 
nerves that supply the muscle fibres as well as the proteoglycan 
matrix for ion flux and metabolic exchange.12 The perimysium is 
continuous with the endomysium and surrounds groups of parallel 
muscle fibres, known as fasciculi. The perimysium is significantly 
thicker than the endomysium and contains larger vessels and 
nerves and accommodates the neuromuscular spindles.

The perimysium is formed by inward extensions of the connec-
tive tissue layer that surrounds the whole muscle, which is known 
as the epimysium (Fig. 60.1). The endomysium, perimysium and 
epimysium come together as the muscle fuses together into tendons, 
aponeuroses or fasciae.

Figure 60.1 The microstructure of skeletal muscle from 
muscle belly to myofilaments. (Reproduced with permission from 
Standring S, et al. (eds), Gray’s Anatomy, 40th edn, Edinburgh, 
Churchill Livingstone, 2008.)
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Standard muscle injury sonographic assessment protocol

1. Liberal gel couplant
2. Patient positioned with affected muscle compartment easily 

accessible
3. Whole compartment scanned

a. Series of axial images from proximal to distal
4. Individual affected muscle scanned from origin to insertion

a. Axial
b. Sagittal
c. Obliquely along line of fibres
d. Extended field-of-view images in above three planes
e. Exclude paratendinitis as this may mimic muscle tear

5. Dynamic assessment of injured muscle
a. Active against resistance (may require assistant)
b. Passive without resistance

6. Scan in different patient position
a. Squat for peroneal/anterior leg compartment myofascial hernia 

assessment
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fibres orientated parallel to their line of contraction. Some of the 
individual fibres may run the entire length of the muscle unless the 
muscle is crossed by tendinous intersections, as in rectus abdominis 
(Fig. 60.3).

Oblique orientation fibres
Fusiform-shaped muscles (e.g. biceps brachii) have their fibres 
arranged in near parallel orientation in the belly and converge to a 
tendon at one or both ends. Muscles that have their fibres oblique 
to the line of contraction may be triangular (pectoralis, adductor 
longus) or pennate (feather-like) (Fig. 60.3). Pennate muscles can be 
further subdivided into unipennate (e.g. flexor pollicis longus), 
bipennate (e.g. rectus femoris, dorsal interossei), multipennate (e.g. 
deltoid), and circumpennate or cylindrical (e.g. tibialis anterior).

Some muscles have their fibres arranged in a spiral fashion so 
that the fibres originating medially turn 180° as they reach their 
lateral insertion (e.g. the sternocostal fibres of the pectoralis major 
and latissimus dorsi muscles). Others spiral around a bone (e.g. 
supinator in the forearm) or have fibres orientated in different 
directions in a cruciate fashion (e.g. adductor magnus muscle). 
Many muscles have more than one of the above arrangements to 
allow for different functional roles.

Compartmental anatomy

The sonographic localisation of a muscle injury requires the opera-
tor to have a clear understanding of the organisation of muscles 
within each compartment of the upper and lower limb.

Upper limb
The muscles of each compartment are listed in Table 60.1.
n Arm: The arm extends from the shoulder to the elbow joint 

and is divided into anterior and posterior compartments by 
the humerus and the medial and lateral intermuscular septa 
(Fig. 60.4).

NORMAL SONOGRAPHIC  
MUSCLE APPEARANCE

During ultrasound scanning in the transverse plane, the epimysium 
is identified as an echogenic envelope surrounding the muscle 
belly, whilst the perimysium is seen as dot echoes, or short lines 
scattered throughout the hypoechoic background, representing the 
bulk of the muscle fibres (Fig. 60.2). The intermuscular septa and 
aponeuroses are brightly echogenic linear structures in all imaging 
planes. Similarly, intramuscular extensions of tendons are identi-
fied as thick, fibrillar, echogenic structures. In the longitudinal 
plane, the perimysium is seen as oblique, parallel echogenic striae 
against a hypoechoic background of muscle fibres (Fig. 60.2). 
During contraction muscle alters shape and becomes hypoechoic 
with increased angulation of the echogenic septa in relation to the 
central tendon.

MORPHOLOGICAL TYPES, 
COMPARTMENTAL ANATOMY, 
ACCESSORY MUSCLES

Morphological types

Skeletal muscles may be classified according to their morphology 
and fibre orientation relative to the line of contraction, i.e., parallel 
or oblique (Fig. 60.3). Parallel orientation of muscle fibres ensures 
a maximum range of mobility of the muscle whereas oblique orien-
tation of fibres reduces range but increases force of contraction.

Parallel muscles
Short flat muscles (e.g. pronator quadratus in the forearm), and long 
strap-like muscles (e.g. gracilis or sartorius in the thigh) have their 

Figure 60.2 Normal sonographic muscle appearance. A: Transverse section through the anterior compartment of the thigh. Note the 
dot-like perimysium within the hypoechoic background muscle fibres and the normal comma-shaped echogenic central tendons within the 
centre of the muscle (curved arrow). RF, rectus femoris; VM, vastus medialis; VI, vastus intermedius; VL, vastus lateralis. B: Longitudinal 
section through the rectus femoris muscle. The perimysium is seen as multiple linear echogenic interfaces (straight arrows) on a 
background of hypoechoic muscle fibres. Note the brightly echogenic central tendon (curved arrows).

A B
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Figure 60.3 The different morphological types of skeletal muscle. (Reproduced with permission from Standring S, et al. (eds), Gray’s 
Anatomy, 40th edn, Edinburgh, Churchill Livingstone, 2008.)
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Table 60.1 Upper limb

Section Compartment Muscles

Arm Anterior Biceps brachii
Coracobrachialis
Brachialis

Posterior Triceps
Forearm Anterior Superficial Pronator teres

Flexor carpi radialis
Palmaris longus
Flexor digitorum superficialis

Deep Flexor digitorum profundus
Flexor pollicis longus
Pronator quadratus

Posterior Superficial Anconeus
Supinator
Brachioradialis
Extensor carpi radialis longus and brevis
Extensor digitorum (communis)
Extensor digiti minimi
Extensor carpi ulnaris

Deep Extensor pollicis brevis and longus
Abductor pollicis longus
Extensor indicis
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interosseous membrane, and the anterior and posterior 
intermuscular septa (Fig. 60.7). The posterior compartment is 
subdivided further into deep and superficial groups.

Accessory muscles

Anatomical variations include muscle agenesis, supernumerary 
muscles and muscles with anomalous origins or insertions. An 
accessory muscle is a distinct muscle unit in addition to the normal 
group of muscles in that region.13 Most normal variants pass unno-
ticed but some are clinically detectable in the form of localised 
swellings or by compression of adjacent neurovascular structures.

Accessory muscles of the upper limb include the accessory bra-
chialis, anconeus epitrochlearis, accessory head of flexor pollicis 
longus, accessory flexor digitorum superficialis indicis, flexor carpi 
radialis brevis vel profundus, accessory hypothenar muscles, exten-
sor digitorum brevis manus and the accessory extensor carpi radia-
lis (Table 60.3).14,15 The most commonly encountered clinically 
relevant accessory upper limb muscles are anconeus epitrochlearis 
and accessory abductor digiti.16,17 The anconeus epitrochlearis 
muscle arises from the medial border of the olecranon and inserts 

n Forearm: The forearm extends from the elbow to the wrist 
joint and is similarly divided into anterior and posterior 
compartments by the radius, ulna and interosseous membrane 
(Fig. 60.5). The anterior compartment is subdivided into 
superficial and deep groups.

Lower limb
The muscles of each compartment are listed in Table 60.2.
n Thigh: The thigh extends from the hip to the knee joint. It is 

divided into three compartments; posterior (hamstring), 
anterior (extensor) and medial (adductor) (Fig. 60.6). The first 
two compartments are separated by a well-defined lateral 
intermuscular septum. The posterior and medial 
compartments are not separated by a defined septum as the 
adductor magnus has both hamstring (flexor) and adductor 
function.

n Leg: The leg refers to that part of the lower limb between 
the knee and the ankle joint. There are three muscular 
compartments: anterior (extensor), lateral (peroneal) and 
posterior (flexor), which are separated by the tibia, fibula, 

Figure 60.4 Arm. A: Line drawing of the compartmental anatomy of the arm. (Reproduced with permission from Standring S, et al. (eds), 
Gray’s Anatomy, 40th edn, Edinburgh, Churchill Livingstone, 2008.) B: Transverse sonogram of the anterior compartment of the arm. 
H, humerus. C: Transverse sonogram of the posterior compartment of the arm.
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Figure 60.5 Forearm. A: Line drawing of the compartmental anatomy of the forearm. (Reproduced with permission from Standring S, 
et al. (eds), Gray’s Anatomy, 40th edn, Edinburgh, Churchill Livingstone, 2008.) B: Transverse sonogram of the upper forearm anterior 
compartment muscles. PT, pronator teres; FCR, flexor carpi radialis; PL, palmaris longus, FCU; flexor carpi ulnaris; FDP, flexor digitorum 
profundus; FDS, flexor digitorum superficialis. C: Transverse sonogram of the posterior compartment of the forearm. ECU, extensor carpi 
ulnaris; EDM, extensor digiti minimi; EPL, extensor pollicis longus; EDC, extensor digitorum communis; ECRB, extensor carpi radialis 
brevis. Arrowhead, interosseous membrane.
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ACUTE SKELETAL MUSCLE INJURY

Traumatic skeletal muscle injury may be divided into direct (extrin-
sic) and indirect (intrinsic) types.

Direct muscle injury

When an external force is applied to muscle a direct injury occurs. 
Penetrating trauma with a sharp or high-velocity object leads to 
laceration of the muscle, whereas blunt trauma classically results in 
muscle contusion, haematomas and later myositis ossificans.

Muscle laceration
Penetrating muscle trauma usually results in a linear laceration that 
heals by scar formation and may lead to muscle weakness or loss 
of function.25 The laceration is initially identified as a hypoechoic 
linear abnormality crossing the perimysial echogenic striae of the 
muscle and may involve more than one muscle (Fig. 60.12). In the 
healing or healed phase scar tissue around the laceration is an 
echogenic linear abnormality which may cross the fascial planes, 
differentiating it from normal tendons or aponeuroses.

Muscle contusion
Sports-related blunt trauma classically occurs in those muscles 
closely applied to bone, e.g. vastus intermedius. During a direct 
blow to the front of the thigh, the superficial quadriceps muscles 
are able to dissipate the energy laterally during the compression 
but the majority of the force is dissipated away from the bone via 
the vastus intermedius muscle, resulting in local haemorrhage 
which may extend through the perimysial layers forming an  
intramuscular contusion (Fig. 60.13). Imaging shows that all layers 
are affected but the maximum injury occurs in the muscle closest 
to bone.

onto the inferior margin of the medial epicondyle superficial to the 
ulnar nerve (Fig. 60.8). The location within the tight confines of the 
osseofibrous cubital tunnel may lead to compression of the ulnar 
nerve at the elbow following exercise or at rest when combined 
with other space-occupying lesions such a ganglion cyst.18,19 The 
ulnar nerve may be compressed more distally along its course by 
the accessory abductor digiti minimi (AADM) muscle in Guyon’s 
canal (Fig. 60.9).20 This short muscle arises from the palmaris longus 
tendon and antebrachial fascia and passes into Guyon’s canal 
alongside the ulnar artery and nerve before inserting onto the base 
of the proximal phalanx of the little finger via the ulnar side of the 
metacarpophalangeal joint capsule.21

Accessory muscles of the lower limb include the tensor fasciae 
suralis muscle, accessory popliteus, accessory peroneal muscles, 
flexor digitorum accessorius longus, peroneocalcaneus internus, 
accessory soleus and the tibiocalcaneus internus muscles (Table 
60.4).13 The most commonly encountered clinically relevant acces-
sory lower limb muscles are accessory soleus and peroneus quartus 
muscles. The accessory soleus originates from the deep surface of 
the soleus proper and/or from the fibula and soleal line of the tibia, 
descends deep to soleus and inserts onto the superior or medial 
surface of the calcaneus either via muscle directly onto bone or via 
a tendon (Fig. 60.10). The muscle usually presents clinically as a 
posteromedial mass behind the ankle but has been described as a 
cause of posteromedial ankle pain.

The peroneus quartus muscle arises from the distal fibula or 
peroneal muscles and descends posteromedial to the peroneal 
tendons to insert in a variable fashion on the posterolateral side of 
the ankle.22 The most common site of insertion is the retrocalcaneal 
eminence of the calcaneus but it may insert on the peroneal  
tubercle, the cuboid bone or the peroneal tendons.23 It is important 
to recognise a peroneus quartus muscle on ultrasound as it  
may be confused with a longitudinal tear of the peroneus brevis 
tendon. Longitudinal tears of the peroneus brevis tendon usually 
result in two components of roughly equal size, whereas a peroneus 
quartus tendon is significantly smaller than peroneus brevis  
(Fig. 60.11).24

Table 60.2 Lower limb

Section Compartment Muscles

Thigh Medial/Adductor Pectineus
Gracilis
Adductor brevis, longus and magnus (adductor portion)

Anterior/Extensor Quadriceps femoris
Sartorius
Tensor fascia lata

Posterior/Flexor/Hamstring Biceps femoris
Semimembranosus
Semitendinosus
Adductor magnus (hamstring portion)

Leg Anterior/Extensor Tibialis anterior
Extensor hallucis longus
Extensor digitorum longus
Peroneus tertius

Lateral/Peroneal Peroneus longus and brevis
Posterior/Flexor Superficial Medial and lateral gastrocnemei

Soleus
Plantaris

Deep Popliteus
Tibialis posterior
Flexor digitorum longus
Flexor hallucis longus
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Figure 60.6 Thigh. A: Line drawing of the compartmental anatomy of the thigh. The three compartments comprise the medial (adductor), 
posterior (hamstring flexor) and anterior (extensor). (Reproduced with permission from Standring S, et al. (eds), Gray’s Anatomy, 40th edn, 
Edinburgh, Churchill Livingstone, 2008.) B: Transverse sonogram of the medial compartment of the thigh at the level of the pubis. 
AL, adductor longus; AB, adductor brevis; AM, adductor magnus. C: Transverse sonogram of the posterior compartment of the thigh. 
SM, semimembranosus; ST, semitendinosus; BF, biceps femoris; AM, adductor magnus.
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Figure 60.7 Leg. A: Line drawing of the compartmental anatomy 
of the leg. (Reproduced with permission from Standring S, et al. 
(eds), Gray’s Anatomy, 40th edn, Edinburgh, Churchill Livingstone, 
2008.) B: Transverse sonogram of the anterior compartment of the 
leg. Tib Ant, tibialis anterior; EHL, extensor hallucis longus;  
EDL, extensor digitorum longus. Note echogenic interosseous 
membrane (curved arrows). C: Transverse sonogram of the 
peroneal compartment of the leg. PL, peroneus longus;  
PB, peroneus brevis. Note anterior and posterior intermuscular 
septa (arrowheads). D: Transverse sonogram of the superficial 
posterior compartment of the leg. TP, tibialis posterior; FDL, flexor 
digitorum longus; FHL, flexor hallucis longus.
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Figure 60.8 Transverse sonogram of the posteromedial 
elbow demonstrating the presence of an anconeus epitrochlearis 
(AE) overlying the ulnar nerve (arrow). This accessory muscle may 
compress the ulnar nerve within the cubital tunnel.

Figure 60.9 Transverse sonogram of the ulnar wrist 
demonstrating the presence of an accessory abductor digiti minimi 
(AADM) muscle within Guyon’s canal. This accessory muscle may 
be associated with ulnar nerve compression. P, pisiform.

Table 60.3 Accessory muscles of the upper limb (adapted from Sookur et al.13)

Name Origin Insertion Prevalence Clinical relevance

Additional heads of 
biceps brachii

1. Humeral shaft between 
coracobrachialis and 
brachialis muscles

2. Coracobrachialis insertion
3. Intertubercular sulcus
4. Slip passes to pronator teres 

posterior fascia

Biceps muscle belly Rare Slip to pronator teres may 
compress median nerve 
and brachial artery

Accessory brachialis Medial mid-shaft of humerus Common forearm flexor 
origin lateral epicondyle

Rare Distal tendon may split to 
enclose and compress the 
median nerve

Anconeus 
epitrochlearis

Medial olecranon Inferior surface medial 
humeral epicondyle 
superficial to ulnar nerve

11% Ulnar nerve compression 
in cubital tunnel

Accessory head of 
flexor pollicis longus

1. Humeral medial epicondyle
2. Coronoid process
3. Dual origin from 1 and 2
4. FDS muscle belly

Base of thumb 45–66% Compression of anterior 
interosseous nerve or 
median nerve

Accessory flexor 
digitorum superficialis 
indicis (aFDSI)

FDS tendon adjacent to 
transverse carpal ligament
May have muscle belly in forearm

Index finger A1 pulley Rare Palmar mass
Median nerve compression 
in carpal tunnel

Accessory abductor 
digiti minimi (aADM)

1. Antebrachial fascia and runs 
into Guyon’s canal

2. Palmaris longus muscle

Ulnar base of 5th 
metacarpal

24% Ulnar nerve compression 
Guyon’s canal

Flexor carpi radialis 
brevis vel profundus

Volar aspect distal radius 1. Capitate
2. Bases of 3rd and 

4th metacarpals

Rare Carpal tunnel syndrome

Extensor digitorum 
brevis manus (EDBM)

1. Dorsal wrist capsule
2. Distal radius
3. Deep carpal fascia

Extensor hood index 
and/or middle finger

1.6% Soft tissue swelling 
dorsum wrist

Accessory extensor 
carpi radialis brevis 
(ECRB)

Medial aspect of normal ECRB 1. Base of 2nd/3rd 
metacarpal

2. Extensor hood 
index/middle finger

Rare Soft-tissue mass
Mimics a split ECRB 
tendon on US/MRI

ECR intermedius Between ECRB and extensor 
carpi radialis longus (ECRL) 
origins

1. Base of 2nd/3rd 
metacarpal

2. Abductor pollicis 
longus muscle

12–24% Mass effect

ECR accessorius ECRL and passes deep to 
extensor retinaculum in its own 
compartment

Abductor pollicis 
longus/brevis muscle

Extremely 
rare

Mass effect
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Table 60.4 Accessory muscles of the lower limb (adapted from Sookur et al.13)

Name Origin Insertion Prevalence Clinical relevance

Accessory slips of 
medial and lateral 
gastrocnemei

Medial head: intercondylar 
notch
Lateral head: posterior 
femoral condyle and 
remains lateral to popliteal 
vessels

Slips may enclose the 
popliteal vessels

Medial head slip 
seen in 21% patients 
with PAES
Lateral head slip 
seen in 30% patients 
with PAES

Popliteal artery 
entrapment syndrome 
(PAES)

Tensor fascia 
suralis muscle

Distal semitendinosus 
muscle.
Passes into the popliteal 
fossa between the 
semimembranosus and 
biceps femoris muscles

1. Posterior fascia of leg
2. Medial head 

gastrocnemius
3. Superficial part of Achilles 

tendon

Not defined Popliteal soft tissue 
mass

Accessory 
popliteus

Lateral gastrocnemius 
origin

Posteromedial joint capsule Rare ?compressive effect

Peroneus tertius Anterior compartment of 
leg. Anterior fibula and 
anterior EDL muscle

Base dorsum 5th metatarsal 83–95% Snapping over lateral 
talar dome

Peroneus quartus Variable
Peroneus brevis muscle is 
most common

Medial and posterior to other 
peroneal tendons with variable 
insertion: retrocalcaneal 
eminence, peroneal tubercle, 
peroneus longus tendon, 
cuboid, inferior peroneal 
retinaculum

13–26% Mimics a peroneal 
tendon split on axial 
imaging

Flexor digitorum 
accessorius 
longus (FDAL)

1. Medial margin tibia
2. Deep posterior fascia
3. Any structure of the 

posterior compartment

Course beneath flexor 
retinaculum into tarsal tunnel
Inserts into quadratus plantae 
muscle or flexor digitorum 
longus tendon

6–8% Tarsal tunnel 
syndrome (FDAL 
found in 12% of 
cases)

Peroneocalcaneus 
internus (PCI)

Lower fibula Runs posterolateral to and 
displaces flexor hallucis 
longus in the tarsal tunnel
Inserts onto medial aspect 
calcaneus below 
sustentaculum tali

1% Tarsal tunnel 
syndrome
Posterior ankle 
impingement 
syndrome

Accessory soleus 1. Anterior surface soleus
2. Fibula
3. Soleal line tibia

Descends anterior or 
anteromedial to Achilles 
tendon.
Variable insertion which may 
be fleshy or tendinous onto:
Achilles tendon
Upper surface os calcis
Medial aspect os calcis

0.7–5.5% Soft tissue mass
Pain:
1. Local compartment 

syndrome
2. Posterior tibial 

nerve compression

Tibiocalcaneal 
internus (TCI)

Medial crest tibia Through tarsal tunnel onto 
medial surface of os calcis

Rare Mimics FDAL and 
accessory soleus

Figure 60.10 Extended longitudinal field-of-view sonogram of 
the accessory soleus. Note large muscle bulk extending down to 
the level of the os calcis. FHL, flexor hallucis longus.

Figure 60.11 Transverse sonogram of the peroneal tendons just 
proximal to the retrocalcaneal eminence on the lateral margin of the os 
calcis. Note the presence of three tendons: PB, peroneus brevis; PL, 
peroneus longus; PQ, peroneus quartus. The tendons are conspicuous 
because they are hypoechoic due to the effect of anisotropy.
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A three-stage clinical grading system has been described which 
may be used to direct treatment and provide a prognosis of muscle 
contusion.26

n Mild contusion. Range of motion loss less than one-third 
normal. Average loss of activity is 6 days.

n Moderate contusion. Range of motion loss one-third to two-
thirds of normal. Average loss of activity is 56 days.

n Severe contusion. Greater than two-thirds loss of range of 
motion. Average loss of activity is more than 60 days.

On ultrasound, a contusion is seen as an ill-defined area of hyper-
echogenicity within the muscle, which crosses fascial boundaries 
(Fig. 60.13). In the hyperacute situation, the injured muscle initially 
appears swollen and may be isoechoic with adjacent unaffected 
muscle.27

If there is significant separation of muscle fibres the injury may 
result in an intramuscular or intermuscular haematoma. In the first 
1–2 days, intramuscular haematoma may appear as an irregularly 
outlined muscle laceration separated by hypoechoic fluid with 
marked increased reflectivity in the surrounding muscle (Fig. 
60.13). During this period, the haematoma may solidify and become 
hyperechoic to the surrounding muscle. After 3 days, the intramus-
cular haematoma starts to develop into a clearly defined hypoe-
choic fluid collection with an echogenic margin (Fig. 60.14). This 
echogenic margin gradually enlarges and ‘fills in’ the haematoma 
in a centripetal fashion, a process that may take several months to 
complete (Fig. 60.15).28 After 4 weeks, the margin of the haematoma 
may start to calcify (see section on myositis ossificans below). If the 
haematoma is causing intense pain and/or exerts local mass effect 
on adjacent neurovascular structures, or is placing the limb at risk 
of compartment syndrome, then evacuation of the clot may be 
necessary. This can be performed under ultrasound guidance, in 
most cases usually 10–14 days following initial injury.29

Figure 60.12 Muscle laceration. Transverse sonogram of 
laceration (arrows) of the vastus lateralis (VL) and vastus intermedius 
(VI) muscle tissue down to the level of the femur (F).

Figure 60.13 Muscle contusion. Transverse extended-field-of-
view sonogram of the anterior thigh following a direct blow to the 
thigh. Note that all layers in the line of the externally applied force 
are injured although the greatest injury is at the vastus intermedius 
(VI). The skin and subcutaneous tissues are thickened (cf. more 
medial skin/subcutaneous thickness (straight line)). The rectus 
femoris (RF) and vastus intermedius (VI) demonstrate global 
increased reflectivity consistent with muscle contusion. The blow 
was of sufficient force to cause a local haematoma (H) formation. 
VMO, vastus medialis obliquus.

Figure 60.14 Transverse sonogram of posterior thigh 
demonstrating a myofascial tear (arrowheads) of the biceps 
femoris (BF) muscle with haematoma formation (H) deep to the 
fascia lata (asterisk).
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Figure 60.15 Longitudinal sonogram of the anterior 
compartment of the thigh demonstrating a healing 
haematoma between rectus femoris (RF) and vastus intermedius 
(VI). F, femur. The margins of the haematoma are echogenic 
(arrowheads).

Indirect muscle injury – muscle strain

Indirect injury usually occurs during periods of excessive eccentric 
muscle contraction and results in disruption of the myotendinous 
or myofascial unit, i.e. muscle strain, or delayed onset muscle sore-
ness (DOMS).

Biomechanical aspects
Muscle contractions are classified as concentric, isometric or eccen-
tric and during activity most active muscles exhibit all three types 
of contraction. The difference between these contraction types is 
illustrated by the movements involved in a ‘biceps curl’. When the 
weight is lifted, the biceps brachii contracts and simultaneously 
shortens, i.e. it concentrically contracts. If the weight-lifter holds the 
weight at halfway, the muscle contracts but does not shorten, i.e., 
it isometrically contracts. However, when the weight is lowered, the 
biceps brachii still contracts but is passively lengthened, i.e., it eccen-
trically contracts. During such eccentric contractions, the muscle is 
at risk of disruption as the force of active contraction is added to 
the passive stretching force being applied to the muscle.

Clinical features
Muscle strain produces a characteristic clinical presentation of acute 
limb pain usually localised to a single muscle occurring during a 
period of eccentric muscle contraction. On clinical examination, 
depending on the size of the injury and the presence of a hae-
matoma, a palpable defect may be present. The muscle will be weak 
and the patient will complain of pain during concentric contraction. 
Some muscle strains are ‘sports-specific’.

In elite athletes, skeletal muscle injury is a major cause of pro-
longed loss of competitive activity and accounts for up to a third of 
all sports-related injuries.30–32 The hamstring muscle complex of the 
posterior thigh is particularly susceptible to indirect trauma and is 
the most common site of muscle injury in UEFA Champions League 
footballers,33 and elite rugby union players, resulting in an average 
loss of playing time of 17 days post injury.34

Risk factors include the older athlete and previous injury in the 
same muscle.35 Specific predisposing risk factors may be athlete-
related or muscle-specific. Athlete-related risk factors include male 

Sports-specific muscle strains

• Rectus abdominis – tennis serve
• External/internal oblique – cricket bowling
• Hamstring – sprinters
• Rectus femoris – soccer kicking
• Hip rotators – soccer/rugby twist/turn

sex, improper warm-up and fatigue. Muscle-specific risk factors 
include muscles that have a high proportion of fast-twitch (type II) 
fibres, cross multiple joints, have complex anatomy or are subject 
to eccentric loading.35

Hence, the biceps femoris, rectus femoris and medial gastrocne-
mius are the most commonly strained muscles.33,36

Clinical grading system
The severity spectrum of muscle strain ranges from muscle soreness 
to complete myotendinous dissociation. Several grading systems 
have been described based on clinical examination and histol-
ogy.37,38 The most commonly used system has a three-step clinical 
grading score as follows:
n grade I strain: a small tear resulting in less than 5% loss of 

function
n grade II strain: a larger tear with 5–50% loss of function
n grade III: complete muscle–tendon or muscle–fascia 

separation
n grade IIIB: an occasionally used term to describe an avulsion 

fracture at a tendon attachment.

Strain location within the muscle
A muscle strain occurs when the stretching force applied to a 
muscle elongates it beyond its normal range of elasticity. The myo-
tendinous junction is the weakest part of the muscle–tendon–bone 
unit (MTBU) and is the point at which most muscle tears occur (Fig. 
60.16).35 Muscle strains may occur elsewhere: at the myofascial 
surface (Fig. 60.14); intramuscular (not involving the tendon or 
fascia) (Fig. 60.17); or direct avulsion from bone. Myofascial injury 
is not uncommon in the thigh, accounting for up to 36% of  
hamstring strains. The biceps femoris muscle is particularly at risk. 

Figure 60.16 Muscle tear. Transverse sonogram of the anterior 
thigh in a professional soccer player. There is a tear of the rectus 
femoris muscle (RF) centred on the central tendon (T). The overall 
size of the tear measured 25% of the overall width of the muscle 
consistent with a grade II injury.
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injuries of the apophysis are more common in this group  
(Fig. 60.18).41

Clinical-sonographic correlation
In the assessment of muscle strain, sonography can be used to 
identify which muscles are involved, the grade and size of the tear, 
and the site of the tear in relation to the central tendon and myo-
fascial surface. Sonography is as accurate as MRI in detecting the 
presence of a muscle injury at presentation.39 MRI and sonographic 
correlation of the three-stage clinical grading system has been 
described.42,43

Grade I strain involves less than 5% of the muscle volume. Grade 
I strains may have a normal sonographic appearance or show focal 
or general areas of increased echogenicity (Fig. 60.19). Up to 50% 
may demonstrate generalised hyperechogenicity. Although there is 
no significant (<5%) separation of muscle fibres at the musculo-
tendinous junction, perifascial fluid may be seen and may be hyper-
echoic due to the presence of blood in the extravascular space.

Grade II strain involves more than 5% and up to 50% of the 
muscle cross-sectional area. Disruption of the musculotendinous or 
myofascial junction results in local haematoma formation at the tear 
site. Intramuscular fluid collection and fibre disruption is the char-
acteristic combination used to describe a grade II tear. On ultra-
sound, there is discontinuity of the echogenic perimysial striae 

The tear usually occurs at the union of short and long heads, pos-
sibly due to differential contraction of the different components 
resulting in a distracting force at the myofascial surface.39 Muscle 
strains away from the MTBU and the myofascial surface are rare 
and their pathophysiology is poorly understood (Fig. 60.17). Strains 
also occur at the muscle–bone interface when no tendon is present 
such as in pectineus and short head biceps femoris.40

In the paediatric immature skeleton, the weakest point of  
the MTBU is at the tendon–bone junction and therefore avulsion 

Figure 60.17 Intramuscular tear. A: Transverse sonogram of an intramuscular tear of the rectus femoris muscle. The tear is located 
medial to the central tendon (curved arrow), which is displaced laterally by the intramuscular haematoma (arrows). B: Longitudinal 
sonogram at 4 weeks following initial injury. Note that the haematoma has almost resolved (arrows).

A B

Figure 60.18 Avulsion injury. Longitudinal extended-field-of-view 
sonogram of the upper anterior thigh in an adolescent soccer 
player. The anterior superior iliac spine (ASIS) has been avulsed 
from the ilium (arrow) by the action of sartorius (S).

Sonographic assessment of muscle strain

Information required on ultrasound muscle injury report:
• Muscle involved
• Tear characteristics

• Grade
• Size
• Location within muscle

Musculotendinous junction
Myofascial junction
Intramuscular (away from tendon and fascia)
Proximal, middle or distal third

• Presence or absence of haematoma
• Underlying intramuscular scar present or absent
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aponeurosis between the medial gastrocnemius and soleus muscles45 
(Fig. 60.20). It typically occurs in the more mature athlete or the 
‘weekend warrior’ and is only infrequently seen in elite athletes. 
Tennis leg presents with sudden-onset calf pain during a period of 
eccentric muscle contraction, typically during the push-off phase of 
a sudden movement. The condition clinically mimics a high Achil-
les tendon rupture as a palpable and audible ‘snap’ are common 
presenting features. Deep venous thrombosis is both a differential 
diagnosis and a complication of this condition and assessment of 
the calf veins at the time of the scan is mandatory.46

Grade III strain involves complete myotendinous dissociation or 
tendo-osseous avulsion. Surgery is rarely required but has been 
advocated in avulsion injuries with more than 2–3 cm of retraction 
(Fig. 60.21).38 Ultrasound demonstrates complete discontinuity of 
the muscle fibres at the myotendinous junction and haematoma in 
the gap. Occasionally, haematoma obscures an avulsed tendon end 
on MRI whilst sonography can readily separate the two. The sur-
rounding muscle is hyperechoic and intermuscular, perifascial and 
subcutaneous fluid collections are common (Fig. 60.22). On dynamic 
scanning, there is bunching of the torn muscle ends. Retracted 
echogenic muscle fragments surrounded by hypoechoic haematoma 
result in the ‘bell-clapper’ sign, a specific finding for muscle strain 
(Fig. 60.23). Although more common in grade III injuries, it may 
also be seen in grade II tears.47

Repeat sonography may be used to assess haematoma resolution 
and muscle tear healing and may guide the patient’s rehabilitation 
programme to try to prevent re-injury (Fig. 60.24).48

Delayed-onset muscle soreness
Delayed-onset muscle soreness (DOMS) is usually observed 12–24 
hours following unaccustomed strenuous exercise but may also be 

either at the myotendinous or myofascial junction (Fig. 60.16).44 An 
intramuscular fluid collection may be seen with a surrounding 
hyperechoic halo. Hypervascularity around the disrupted muscle 
fibres may increase conspicuity if colour Doppler sonography is 
used. Partial retraction of muscle fibres may produce a mass-like 
effect clinically and dynamic scanning during contraction may 
increase the conspicuity of the tear by promoting fluid movement 
into the perifascial space or by increasing the mass-like effect of the 
tear.22 Intermuscular and perifascial fluid collections are common 
in grade II injuries.

‘Tennis leg’, a subtype of grade II strain, includes partial detach-
ment of muscle from the adjacent fascia or aponeurosis that it  
shares with another muscle. This occurs most commonly at the 

Muscle strain severity grading system

Grade Clinical findings MRI findings US findings

I <5% loss of function ‘Feather-type’ pattern of oedema within the 
muscle
Centred on myotendinous or myofascial 
junction and radiating along muscle fibres
Little or no perifascial fluid

May be normal
Focal or generalised areas of increased reflectivity 
within the muscle
Centred on myotendinous or myofascial junction
Little or no perifascial fluid

II 5–50% loss of function Focal disruption of normal fibrillar pattern 
involving between 5% and 50% of the 
muscle volume
Centred on myotendinous or myofascial 
junction
Moderate volume of perifascial fluid
Muscle oedema as in grade I

Marked focal increased reflectivity within muscle
Centred around focal area of fibrillar disruption at 
musculotendinous or myofascial junction
Moderate perifascial fluid

III >50% loss of function Extensive muscle oedema
Complete myotendinous separation
Fluid in tear gap
Large perifascial fluid

Complete myotendinous separation
Fluid in tear gap
‘Bell-clapper’ sign
Large perifascial fluid

Figure 60.19 Transverse sonogram of the rectus femoris 
muscle demonstrating a grade I musculotendinous junction tear 
(arrows).

Figure 60.20 Longitudinal extended-field-of-view sonogram 
of a case of ‘tennis leg’ (arrowheads). MG, medial head of 
gastrocnemius; S, soleus.
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Figure 60.22 Longitudinal extended-field-of-view sonogram 
of the hamstring compartment demonstrating a grade III tear 
of the common hamstring origin from the ischial tuberosity (IT).  
ST, semitendinosus; BF, biceps femoris.

Figure 60.23 ‘Bell-clapper’ sign. Transverse sonogram 
demonstrating a biceps femoris tear with tendon retraction 
surrounded by hypoechoic haematoma (arrows).  
SM, semimembranosus.Figure 60.21 Transverse sonogram of surgically proven 

grade III tear of the pectoralis major muscle–tendon junction 
(arrowheads). D, deltoid; H, humerus.

seen in elite athletes, typically during pre-season when training 
intensity is increased rapidly or in the early post-rehabilitation 
phase following injury. It typically affects multiple limbs and is 
associated with excessive eccentric muscle contractions. The sever-
ity of symptoms correlates with the intensity and duration of the 
activity.49 The soreness increases to a peak between 24 and 72 hours 
then subsides by 7 days.50 Histologically, there is damage to the 
connective tissue elements of the muscle, disruption of myofibrils 
and accumulation of interstitial fluid.51 Myofibrillar repair begins at 
3 days and is complete by 7 days.52 MRI may demonstrate increased 
intramuscular signal on fat-suppressed fluid-sensitive sequences, 
similar in appearance to grade I muscle strain, but typically affects 
more than one muscle and possibly more than one compartment.53 
Ultrasound may be normal, or demonstrate geographical hypere-
chogenicity affecting several muscles across different compart-
ments. Imaging alone may not be able to distinguish DOMS from 
grade I muscle strain and clinical correlation is required. DOMS 
classically presents at 24–48 hours and completely resolves after 4–5 
days with conservative treatment, whereas a grade I strain will 
present acutely and takes 1–2 weeks to resolve.

Prognostic value of sonography in  
acute muscle tear

MRI features of hamstring muscle strain associated with a prolonged 
recovery time include complete myotendinous transection, muscle 
tear involving more than 50% of the cross-sectional area or volume 
of muscle, deep muscle tears, distal tears, ganglion cyst-type fluid 
collections and intramuscular haemorrhage.39,54 The location of the 
tear within the muscle, and the presence of a fluid collection or 
intramuscular haemorrhage do not correlate with delayed return to 
competitive activity.39 Sonography can be used to predict recovery 
time following muscle injury as measurement of affected cross-
sectional area is equivalent on sonography and MRI.36 The location 
of the tear within the length of the muscle may have prognostic 
value, although the data regarding this is conflicting.36,39,54

Following a muscle strain, the risk of re-injury is high, particu-
larly in the first 8 weeks after injury.55,56 Recurrent strains tend to be 
larger than the original injury.57 Unfortunately, the same imaging 
criteria used to assess recovery time do not appear to correlate with 
risk of recurrent injury and clinical factors appear to be more 
significant.58

CHRONIC MUSCLE INJURY

Most acute muscle injuries heal without any long-term sequelae but 
chronic complications may occur and include intramuscular scar 
formation, myositis ossificans (post-blunt trauma), fatty atrophy of 
muscle, myofascial hernia (post-penetrating trauma) and acute 
compartment syndrome. Chronic non-exertional compartment syn-
drome does not usually follow muscle trauma but is a recognised 
cause of recurrent muscle pain and will be considered in this 
section.

Chronic intramuscular scar/fibrosis

Muscle tears heal by a combination of muscle regeneration and scar 
formation. In larger tears, muscle regeneration may be insufficient 
and intramuscular fibrosis may dominate the repair process. The 
presence of an intramuscular scar alters the normal muscle contrac-
tion vector, reducing strength and increasing fatigue.48,59 The com-
bination of altered muscle biomechanics and increased muscle 
fatigue results in an increased risk of re-injury.60,61
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On ultrasound, an intramuscular scar appears hyperechoic, or 
heterogeneous hypoechoic, linear or stellate adherent to the musc-
ulotendinous junction (Fig. 60.25). The stellate form usually follows 
muscle contusion from a direct blow, whereas the linear form typi-
cally follows a muscle strain and commonly surrounds the musc-
ulotendinous junction. In ‘tennis leg’, the scar may extend the 
length of the medial gastrocnemius–soleus aponeurosis (Fig. 60.26). 
On dynamic scanning, there may be distortion of normal muscle 
fibre movement at the scar with overall reduced elasticity of  
the muscle.62

Figure 60.24 Tear follow-up. A: Transverse sonogram demonstrating a tear of the biceps femoris (BF) musculotendinous junction 
(curved arrow) with adjacent myofascial haematoma (arrowheads). B: Six weeks post injury in same position. Note how the tendon is now 
of normal reflectivity (curved arrow) and that the haematoma has resolved (arrowheads).

A B

Figure 60.25 Intramuscular scar. Transverse sector-mode 
sonogram demonstrating stellate hyperechoic scar at the 
musculotendinous junction (arrows).

Figure 60.26 Tennis leg scar in (A) transverse and (B) 
longitudinal extended-field-of-view images. The length of the scar is 
marked with callipers on the image. MG, medial gastrocnemius; 
FHL, flexor hallucis longus.

A

B
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Myofascial hernia

Herniation of muscle tissue through the superficial epimysial 
surface produces a visible and palpable lump in the subcutaneous 
tissues mimicking a tumour. A myofascial hernia characteristically 
enlarges in the erect position or during active muscle contraction 
and reduces in the supine rested position. Hernias usually occur in 
the lower limb and classically affect the tibialis anterior muscle in 
young adults.74 The defect in the fascia may be secondary to trauma 
but fascial weakness may also be seen in chronic compartment 
syndrome and at sites of enlarged perforating vessels.75

Careful scanning technique is essential. Liberal use of gel to 
produce a ‘gel stand-off’, gentle pressure by the transducer and 
scanning the patient in the standing or squatting position may be 
necessary to reveal the abnormality. The initial scan may reveal a 
focal defect or thinning of the superficial fascia at rest (Fig. 60.29). 
Active muscle contraction or raising the compartmental pressure 

Myositis ossificans

Heterotopic bone formation within muscle (myositis ossificans) 
may follow trauma, surgery, burns, neurological insults, and  
immobilisation.63 Large muscle contusions and haematomas are 
particularly associated.64,65 Myositis ossificans initially presents 
with swelling and loss of function disproportionate to the  
severity of the initial trauma. Three distinct phases are recognised 
clinically: (1) the acute or pseudo-inflammatory phase; (2) the suba-
cute or pseudo-tumoral phase; and (3) the chronic healing phase.66

Stages 1 and 2 myositis ossificans typically demonstrate non-
specific areas of muscle inflammation on both MRI and ultrasound. 
During the chronic healing phase, osteoid material is laid down at 
the margin of the haematoma in a lamellar fashion. Peripheral 
calcification is visible on computed tomography (CT) and plain 
radiographs at approximately 6 weeks and ossification occurs by 6 
months.67 Sonography detects the early stages of myositis ossificans 
2 weeks before radiographic evidence of calcium is evident.68 Ultra-
sound initially demonstrates a hypoechoic mass with sheets of 
peripheral echogenic material (Fig. 60.27).69,70 Later, areas of coarse 
calcification casting acoustic shadows, often parallel to the adjacent 
diaphysis, may be seen.71 CT is recommended to confirm the diag-
nosis in equivocal cases and is considered the gold-standard diag-
nostic imaging tool for myositis ossificans.

Fatty atrophy

Fatty replacement of muscle may follow a denervation injury but 
is also seen following intrinsic muscle injury. The detection of fatty 
atrophy in muscle can be challenging as initial findings of general-
ised increased muscle reflectivity are non-specific. However, assess-
ment of muscle fatty atrophy may have important implications in 
post-surgical prognosis, particularly following rotator cuff repair.72 
Although MR imaging can clearly demonstrate changes in muscle 
fat content, a confident diagnosis of fatty atrophy can be made  
on ultrasound if there is complete loss of clarity of the muscle  
contour, the normal muscle pennate pattern or the central  
tendon, and if there is significantly higher generalised reflectivity 
within the muscle compared to the adjacent non-injured muscle 
(Fig. 60.28).73

Figure 60.27 Myositis ossificans. A: Early stage. Note the peripheral laminar calcification (arrowheads) and the central punctuate 
calcification (arrows). B: Late stage. Transverse sonogram of the upper medial thigh demonstrating mature calcification within the adductor 
longus muscle. AB, adductor brevis; VM, vastus medialis.

A B

Figure 60.28 Fat atrophy. Extended-field-of-view transverse 
sonogram of the posterior shoulder demonstrating fatty atrophy of 
the infraspinatus (IST) muscle. Note the loss of normal fibrillar echo 
pattern and generalised increased reflectivity compared to the 
overlying deltoid (D). HH, humeral head. (Image courtesy of Dr 
Andrew Dunn, Consultant Musculoskeletal Radiologist, Royal 
Liverpool University Hospital.)
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Figure 60.29 Myofascial hernia. Transverse sonogram (A) before and (B) after removing excess transducer pressure. When too much 
pressure is applied, the hernia is reduced. Using a good gel stand-off (asterisks) and reducing pressure allowed the hernia (arrowheads) to 
protrude. EHL, extensor hallucis longus. Longitudinal view in the relaxed (C) and contracted (D) state demonstrating how the muscle 
hernia (H) changes dynamically.

A B

C D

(e.g. by squatting), may make the margins of the defect more 
obvious as the herniated muscle tissue protrudes through the defect 
(Fig. 60.29). Herniated muscle fibres are usually hypoechoic and 
prominent arterial pulsations may be seen in the herniated muscle 
on Doppler imaging. If the fascia is focally weakened but not per-
forated, a generalised bulge of the muscle surface is seen during 
contraction.76

Treatment is usually limited to reassurance and compression 
stockings at most. Surgical closure of the fascial defect has been 
associated with development of acute compartment syndrome,77 
although this can be avoided by patching the defect.

Compartment syndromes

Acute compartment syndrome
When a patient complains of pain within a limb out of proportion 
to the degree of injury, it is important to consider compartment 
syndrome as a cause. Unfortunately, the diagnosis may not be made 
until there is irreversible muscle and nerve damage.78

Following muscle injury, the presence of interstitial oedema and 
local haematoma can lead to an increase in intra-compartmental 
pressure. The normal intra-compartmental pressure is between 0 
and 4 mmHg. Once it rises above 15 mmHg, capillary blood flow 

is compromised and irreversible muscle ischaemia results, i.e. acute 
compartment syndrome. This complication is more common in 
those muscle compartments with tight fascial coverings, e.g. the 
superficial posterior and peroneal compartments of the leg, and the 
flexor compartment of the forearm.79,80 In the first sonographic 
description of acute compartment syndrome, the authors described 
cystic replacement of the muscle by necrotic material with normal 
Doppler arterial and venous flow waveforms.81 However, this 
feature is only seen in advanced cases of muscle necrosis. In the 
early stages of acute compartment syndrome, sonography only 
demonstrates the primary muscle injury and therefore plays a 
limited role in the diagnosis. Ultrasound may demonstrate gener-
alised muscle oedema and dampened arterial waveforms on 
Doppler imaging but the gold standard diagnostic test for compart-
ment syndrome is an intra-compartmental pressure measurement 
of greater than 15–20 mmHg at rest or 5 minutes after exercise.82 
Initial management may be conservative but if the compartmental 
pressure remains over 30 mmHg or continues to rise despite con-
servative management, or the patient complains of paraesthesia or 
weakness, surgical decompression will be necessary.83

Chronic exertional compartment syndrome
A separate but related condition is chronic exertional compartment 
syndrome (CECS). It presents with gradual-onset unicompartmental 
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limb pain during exercise which gradually increases in severity 
until the activity is stopped. During strenuous exercise, muscle 
volume may increase by up to 20%, which in turn raises intra-
compartmental pressure leading to muscle ischaemia.84 Symptoms 
are frequently bilateral, recurrent and tend to occur at a consistent 
time after the onset of exercise.85

Sonography of the affected area is usually normal but occasionally 
the muscle will demonstrate generalised increased reflectivity with 
some sparing of the periphery.22 Although changes in cross-sectional 
area of the muscle compartment have been described following 
exercise, there does not appear to be a significant difference in these 
changes in patients with CECS compared to control groups.86,87

Muscle infection

Most infections in muscle are secondary to an underlying medical 
condition such as osteomyelitis, trauma, diabetes mellitus, rheuma-
toid arthritis, leukaemia, lymphoma, sepsis, bleeding dyscrasia and 
autoimmune disease.88 Infective myositis (pyomyositis) initially 
demonstrates non-specific heterogeneous increased reflectivity 
(Fig. 60.30).89 If untreated, intramuscular abscesses may develop. 
Abscesses are well-defined hypoechoic fluid-collections with thick 
echogenic walls. Abscess contents may be highly echogenic due to 
inspissated fluid or haemorrhage, in which instance it may be nec-
essary to perform biopsy of the lesion. The fluid may be septated 
or contain internal debris, and needle aspiration may be necessary 
for diagnostic and therapeutic purposes.90
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INTRODUCTION

Disorders affecting the peripheral nerves (PNs) are common in 
clinical practice and can mimic a variety of musculoskeletal dis-
eases. Accurate clinical evaluation including history taking, physi-
cal examination and electrodiagnostic tests are the mainstays of 
diagnosis,1,2 but imaging examinations are frequently obtained to 
confirm the clinical data and plan treatment.3,4

Standard radiographs and computed tomography (CT) do not 
visualise the PNs. However, they can help in assessing entrapment 
neuropathies by evaluating adjacent anatomical structures such as 
bones and joints, add information on extrinsic nerve compression 
and assist in surgical planning. A typical example is entrapment of 
the ulnar nerve in the cubital tunnel by osteoarthritis of the elbow. 
In this setting radiographs and CT are invaluable in showing mar-
ginal osteophytes responsible for narrowing of the tunnel and nerve 
compression.

Magnetic resonance imaging (MRI) directly shows PNs and their 
size and internal structure. In addition it provides a detailed muscle 
assessment and evaluation of denervation on a precise anatomical 
basis.5,6 When properly implemented, MR neurography is capable 
of providing high-quality information about PN disorders.7,8 MRI 
is, however, not widely available in every country, is expensive, not 
well accepted by every patient and has relative and absolute 
contraindications.

Recent advances in ultrasound (US) technology, including high-
resolution, electronic broadband transducers and enhanced soft-
ware capabilities, have led to improved assessment of the 
musculoskeletal system.9–11 US is considered an optimal imaging 
technique to evaluate the normal anatomy and disorders of PNs.12–20 
Advantages include the ability to assess long segments of nerve 
quickly and perform dynamic examinations; US is also cheap, well 
tolerated by patients, has no contraindications and is considered by 
several authors to be the primary technique for imaging PN 
pathology.12–17,19

In this chapter we present a brief description of the normal and 
US anatomy of the peripheral nerves followed by a description of 
the US technique of PN examination. Then we present the basic US 
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appearance of the most frequent PN disorders. More detailed 
description of nerve disorders will be found in the chapters dealing 
with specific anatomical regions.

NORMAL ANATOMY AND US ANATOMY

Peripheral nerves are composed of hundreds/thousands of axons 
(nerve fibres). Some axons are surrounded by myelin sheath, a fat-
rich membrane, while others are non-myelinated.13,21–23 Both types 
are surrounded by Schwann cells and by the endoneurium, a thin 
layer of connective tissue that maintains the homeostasis of the 
endoneurial fluid that surrounds the individual myelinated nerve 
fibres and groups of unmyelinated nerve fibres.23 Nerve fibres are 
grouped together in bundles, called nerve fascicles. The size and 
number of fascicles in PNs is highly variable and depends on the 
size of the nerve, its location and its type.13 Fascicles are surrounded 
by the perineurium and separated by the epineurium, which has a 
supportive action and houses elastic fibres and vessels (vasa nervo-
rum). The epineurium also surrounds the nerve trunk to form the 
peripheral nerve sheath. The sheath has variable thickness in dif-
ferent nerves as well as in different segments of the same nerve, a 
peculiar arrangement that seems correlated to the degree of external 
pressure on the nerve. A thicker epineurium is usually found in 
locations such as inextensible fibro-osseous tunnels where PNs are 
subject to physiological compression or stretching.

The US appearance of PNs closely correlates to the histological 
findings in both transverse and longitudinal images.22 Normal PNs 
appear as echogenic tubular structures containing hypo/anechoic 
discontinuous segments (Fig. 61.1). On transverse scans PNs appear 
as hyperechoic structures containing oval-to-round hypoechoic 
areas. The echogenic background corresponds to the supportive 
connective tissue while the hypo/anechoic component corresponds 
to the fascicles or groups of fascicles. A focal homogeneous hypoe-
choic appearance of the nerve with loss of the normal fascicular 
pattern can be found in normal subjects in sites where the nerve is 
subject to physiological compression, for example in the ulnar nerve 
as it runs through the cubital tunnel. PNs are flexible structures 
that, when submitted to stretching or external compression, can 
change in shape. The size of a single nerve decreases when exam-
ined from proximal to distal due to branches leaving the main nerve 
trunk. Usually no internal blood flow can be detected with colour 
Doppler. As a general rule, detectable internal flow must be con-
sidered pathological. The cross-sectional area (CSA) of the PN cor-
relates with the body mass index, and most closely with the patient 
weight. There seems not to be any statistical difference in nerve 
CSA between dominant and non-dominant arms.24

US TECHNIQUE OF EXAMINATION

US examination of PNs requires knowledge of normal anatomy and 
anatomical variations as well as rigorous examination technique. 
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routine US examination. Most variations are not clinically signifi-
cant but can be interpreted as pathological by the inexperienced 
sonologist, while others can predispose to nerve compression. The 
most relevant anatomical variations can affect the nerve itself (size, 
shape, position) or affect the adjacent structures.

The most frequent variation affecting PNs is the presence of a 
high division of the median nerve (2.4% of normal individuals), the 
so-called ‘bifid’ median nerve.31–33 Bifid median nerves usually have 
a larger cross-sectional area than non-bifid nerves and this can 
predispose to carpal tunnel syndrome.33 Ultrasound shows two 
nerves running close to each other at the distal forearm and inside 
the carpal tunnel (Fig. 61.2). The US appearance correlates well to 
MRI31,32 and to anatomical findings.31 The size of the two nerves is 
highly variable. Most frequently they are approximately the same 
size. An asymmetric presentation with one larger and one smaller 
nerve is less frequent. Presence of a bifid median nerve must be 
always reported by the sonologist since one of the nerves may be 
injured during arthroscopic decompression of the carpal tunnel 
(Fig. 61.3).

Anomalies of nerve position are less frequent. Rarely the median 
nerve may show a vertical tilt at the level of the proximal carpal 
tunnel but this is not associated with pathological alterations. Insta-
bility of a PN is usually intermittent with temporary dislocation/
reduction in response to changes of position of an adjacent joint. 
Intermittent instability affects typically the ulnar nerve at the elbow. 
Absence of the superficial retinaculum at the proximal cubital 
tunnel predisposes to anterior instability of the nerve during elbow 
flexion.27 Such instability can be found as a normal anatomical vari-
ation and usually does not lead to any pathological nerve changes 
but in a minority of patients chronic friction during displacement 

When starting the examination, transverse images of the area to be 
evaluated are useful since they are more panoramic and allow 
simultaneous detection of muscle, vessel, bone and joint outlines. 
These structures are more easily identified than PNs and serve as 
excellent anatomical landmarks. PNs can then be detected on the 
basis of their internal echostructure and/or relationship with adja-
cent anatomical structures. In particular vessels that run alongside 
nerves act as useful landmarks. Once identified the nerve must be 
followed on axial images obtained during alternating cranial and 
caudal displacement of the transducer, the so-called ‘elevator tech-
nique’.12,16,17,20 During transducer movement the sonologist must be 
aware of changes in size, morphology and echogenicity of the nerve 
as well as of appearance of the surrounding structures. Multiple 
‘up-and-down’ scanning may be necessary to recognise all the dif-
ferent anatomical structures and accurately assess them. For optimal 
evaluation of PNs the transducer must always be positioned per-
pendicular to the nerve to avoid artefactual changes in its echo-
genicity and this requires continuous modification of transducer 
tilt. With experience this can be accomplished also in complex ana-
tomical areas where nerves are difficult to examine. After assess-
ment in the transverse plane, the nerve is evaluated by longitudinal 
images These are usually more difficult to obtain due to the curvi-
linear course of most nerves. Longitudinal sonograms are most 
valuable in cases of focal nerve compression as they display in the 
same image the compressed pathological portion of the nerve 
together with its swollen proximal and distal components.

The dynamic nature of US allows exquisite assessment of nerve 
stretching and/or movement in normal25,26 as well as in pathologi-
cal conditions.27 Dynamic US examination shows how PNs change 
their shape and position with stretching and application of external 
pressure related to joint movements or muscle contraction.28,29 
Nerves can be seen displacing because of adaptation to the position 
of adjacent structures (e.g. translation of the median nerve in the 
axial plane due to movements of the flexor tendons inside the carpal 
tunnel)30 or they can show adaptive changes in their size and mor-
phology due to increased tension. These changes are related to 
changes in the relationship between internal fascicles made possible 
by the presence of loose connective tissue and elastic fibres inside 
the epineurium.

ANATOMICAL VARIATIONS OF 
PERIPHERAL NERVES AND ADJACENT 
STRUCTURES

Several anatomical variations of PNs and surrounding structures 
can be easily detected by US and are frequently encountered during 

Figure 61.1 Normal US of a peripheral nerve. Axial (A) and longitudinal (B) sonograms obtained over the median nerve (black arrows) 
at the carpal tunnel. The transverse scan shows the nerve has a background of hyperechoic connective tissue containing oval-to-round 
hypoechoic areas that correspond to the nerve fascicles. In the longitudinal image the nerve appears tubular and has hypo-anechoic 
discontinuous segments, the so-called fascicular pattern. Note that the adjacent tendons (white arrows) show a different pattern (fibrillar 
pattern) made by hyperechoic fibrils packed together.
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Common anatomical variations that could affect the peripheral 
nerves

• Nerve shape
• Bifid median nerve

• Nerve position
• Anterior instability of the ulnar nerve

• Anatomical structures adjacent to the nerves
• Median artery
• Supracondylar process of the humerus (less frequent)
• Accessory muscles
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Figure 61.2 Bifid median nerve and persistent median artery. Axial (A) and longitudinal colour Doppler (B) sonograms obtained over 
the proximal carpal tunnel. In A the median nerve appears bifid and has a large medial component (large arrow) and a smaller lateral 
portion (small arrow). Both components show a normal internal fascicular structure. Between the two components runs a persistent 
median artery (arrowhead). In B note the internal flow signal of the median artery (arrowheads). FTs, flexor tendons; Lun, lunate.

A B

Figure 61.3 Surgical damage to bifid median nerve. Axial sonograms obtained at the distal forearm (A) and proximal carpal tunnel (B) 
in a patient with persistent symptoms after carpal tunnel release. In A the median nerve (arrows) appears bifid. A persistent median artery 
(arrowhead) is seen running between the two nerves. In a more distal sonogram (B) the lateral nerve is normal (black arrow) while the 
medial nerve is hypoechoic and enlarged because of a post-traumatic neuroma (white arrows) related to arthroscopic trauma. The 
persistent median artery (black arrowhead) is located very close to the neuroma. Note the normal sensory palmar branch of the median 
nerve (white arrowhead). FTs, flexor tendons.

A B

can lead to nerve swelling and impaired function. Axial sonograms 
of the cubital tunnel during elbow flexion show that the nerve is 
suddenly displaced anterior to the medial epicondyle. It returns to 
the cubital tunnel on extension.

Anatomical variations of structures adjacent to the PN can produce 
pathological nerve changes. The persistent median artery is a fre-
quent anatomical variation (Fig. 61.2). It is a supernumerary artery, 
usually originating from the ulnar artery, that joins the median nerve 
in the middle third of the forearm, then runs alongside the nerve to 
the distal forearm and the carpal tunnel.34,35 This artery normally 
involutes after birth but occasionally persists and can be associated 
with a normal or bifid median nerve. A persistent median artery that 
is larger than 3 mm or is thrombosed can compress the median nerve 
in the carpal tunnel35 (Fig. 61.4). The presence of a persistent median 
artery must always be noted in the radiology report. During open 
release of the carpal tunnel, the anomalous vessel is easily detected 
by the surgeon but it may go unrecognised and be injured when an 
arthroscopic approach is used.

The supracondylar process of the humerus is a bony exostosis on 
the medial aspect of the distal metaphysis of the humerus. It points 

medially. A strong fibrous ligament, the ligament of Struthers, joins 
the tip of the process to the distal humeral epiphysis. The bony 
process or the ligament can compress the median or ulnar nerves.36 
Although the supracondylar process can be detected at US as a thin 
hyperechoic structure with posterior acoustic shadowing, its detec-
tion is easier on radiographs.

Accessory muscles can cause a mass effect and produce compres-
sive neuropathies, particularly when the anomalous muscle is 
hypertrophied or runs with the nerve inside an inextensible oste-
ofibrous tunnel. US shows the distinctive internal architecture of 
muscle and excludes tumour. The accessory abductor digiti minimi, 
the most common accessory muscle of the wrist found in approxi-
mately 24% of normal individuals, runs inside Guyon’s canal at the 
wrist in close contact with the ulnar artery and nerve. Although 
mostly asymptomatic, when hypertrophied it may cause compres-
sion of the ulnar nerve. US not only diagnoses the accessory muscle 
but also evaluates ulnar nerve changes secondary to compres-
sion37–39 and colour Doppler allows evaluation of the ulnar artery. 
Ultrasound can also detect compression of other nerves by anoma-
lous muscles.40,41
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Figure 61.4 Thrombosis of a persistent median artery. Axial sonograms obtained over the distal forearm (A) and proximal carpal 
tunnel (B), and axial colour Doppler sonogram (C) in a patient with a thrombosed persistent median artery causing carpal tunnel 
syndrome. In A the median nerve (arrow) and the normal appearing median artery (arrowhead) run close to each other. Note the small size 
of the artery compared to the nerve. In B the anomalous vessel shows significant increase in size due to internal thrombosis (large 
arrowhead). In C the persistent median artery shows absent internal flow signals due to internal thrombosis. Note hypervascular changes 
of the arterial wall (white arrowhead) corresponding to thrombophlebitis. FTs, flexor tendons; FCR, flexor carpi radialis tendon; Lun, lunate.
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BASIC PATHOLOGICAL CHANGES OF 
PERIPHERAL NERVES

We will describe here only the basic pathological changes of periph-
eral nerves in trauma (acute and chronic), tumour and some miscel-
laneous disorders. For details of specific pathological entities the 
reader is referred to other chapters dealing with joints and limb 
segments.

Trauma

Trauma of peripheral nerves can be acute or chronic. Acute trauma 
can cause temporary alterations to nerve function not associated 
with morphological change, or partial or complete tears. US can 
only detect morphological alterations such as tears. PN tears can be 
secondary to exogenous trauma such as penetrating knife injuries 
or endogenous trauma such as humeral shaft fractures that result 
in tearing of the radial nerve. Tears due to exogenous trauma may 
be difficult to assess in the presence of an open wound.

A partial nerve tear appears as focal discontinuity of several 
nerve fascicles (Fig. 61.5) and mainly follows exogenous trauma. 
The size of the tear depends on the strength of the trauma and the 
location of the nerve trunk (superficial or deep). As for most PN 
disorders, transverse images are first obtained since they allow a 
rapid and efficient scanning of long nerve segments. Sagittal images 
are then obtained over pathological nerve segments. Partial tears 
cause interruption of one or more nerve fascicles and hypoechoic 
areas interposed among the torn fascicles. Often transducer 

pressure at the level of the tears helps localise the site of tear by 
triggering local pain and paraesthesia. The percentage of the cross-
sectional area affected by the tear can be judged in transverse 
images. Typically no nerve gap can be detected in partial tears. In 
complete tears US shows total nerve transection and two nerve 
stumps separated by an irregular hypoechoic area. The gap between 
the nerve stumps can measure several centimetres in severe trauma. 
US accurately detects complete nerve transection soon after injury 
and can alter the evaluation and management of peripheral nerve 
injuries.42 Both partial and complete tears may result in traumatic 
neuromas, proliferative masses due to disorganised attempts at 
nerve regeneration.43 In-continuity neuromas are observed when 
the nerve stumps are both connected with the poles of neuroma 
(Fig. 61.6). Terminal (amputation) neuromas are mostly found at 
the proximal stump and are frequent in lower limb amputations. 
Traumatic neuromas appear as focal irregular hypoechoic masses 
found along the course of a nerve. They are usually painful when 
pressure is applied through the transducer. US can assess surgical 
repair of complete nerve section (Fig. 61.7).

Entrapment neuropathies (EN) are a heterogeneous group of con-
ditions in which PNs are chronically compressed or stretched.3 
They result from congenital or acquired disorders or a combination 
of both. Nerve changes and clinical symptoms depend on the 
degree and duration of compression. High pressures applied for 
long periods can severely alter the morphology and function of 
nerves and eventually result in irreversible damage. Some congeni-
tal conditions predispose to EN. Hereditary neuropathy with liabil-
ity to pressure palsies (HNPP) is an autosomal dominant-inherited 
demyelinating disorder that affects PNs and presents clinically as 
recurrent sensory and motor mononeuropathies.44 US demonstrates 
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Figure 61.5 Trauma. Traumatic partial tear of the ulnar nerve at the elbow. Sagittal (A) and axial (B) sonograms obtained over the 
cubital tunnel in a patient with a history of local trauma. A: The sagittal image shows a hypoechoic focal swelling of the ulnar nerve (white 
arrow). The nerve presents a normal fascicular pattern proximally and distally (black arrows). B: The axial sonogram, obtained over the 
injured portion of the nerve (callipers), shows a normal appearance of the anterior fascicles (black arrowheads) and a hypoechoic post-
traumatic neuroma (white arrowheads) affecting the posterior part of the nerve.

A B

Figure 61.6 Trauma. Neuroma of the sensory branch of the radial nerve. Axial sonograms obtained from proximal to distal (A–C) 
over the distal aspect of the forearm in a patient suffering distal paraesthesia after cannulation of the cephalic vein. Sonograms show a 
normal appearance of the sensory branch of the radial nerve (black arrows) in A and C. In B the nerve appears irregular, swollen and 
hypoechoic due to formation of an in-continuity neuroma (arrow) related to needle trauma during cannulation of the adjacent cephalic vein 
(CV). Local pressure through the transducer was painful and induced distal paraesthesia and tingling (Tinel sign). RA, radial artery.
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diffuse enlargement and hypoechogenicity of several PNs running 
extending outside osteofibrous tunnels. PNs that are clinically unaf-
fected may also show this abnormal appearance.45 As discussed 
previously, accessory congenital muscles are common anatomical 
variants that can compress a PN when they run alongside each 
other in inextensible osteofibrous tunnels.7,46 Other congenital vari-
ations of the nerves or adjacent structure (bifid median nerve, per-
sistent median artery) can produce entrapment.

Chronic nerve compression leads to internal changes in the PN 
that are initially reversible then become irreversible leading to 
impairment of nerve function. First, impaired venous flow leads to 

increased intraneural interstitial pressure causing reversible 
intraneural oedema of the connective tissue. When compression is 
prolonged, ischaemia due to damage to the vasa nervorum, the 
small vessels that supply the nerve trunk, appears and is followed 
by irreversible internal fibrosis. This results finally in myelin sheath 
and axonal degeneration. Such morphological changes alter the 
function of nerve conduction, with subsequent sensory or motor 
impairment depending on the type of nerve affected. Chronic  
compression has the same US appearance regardless of the  
cause (Fig. 61.8). The nerve is typically focally thinned at the 
site of compression associated with proximal fusiform swelling. 
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sign’ is useful in pointing to the site of nerve compression when 
focal masses are not evident. Rarely enlargement of the nerve is 
observed distal to the compression site. Intranerve changes are non-
specific and US is not able to differentiate between intraneural 
oedema and fibrosis. The nerve appears more or less homogene-
ously hypoechoic because of diminished echogenicity of endoneu-
rium and interfascicular perineurium. Changes in the echogenicity 
of the endo- and perineurium are responsible for the disappearance 
of the fascicular pattern. Increased vascular signals can be seen 
inside the affected nerve with colour Doppler.

In addition to assessing PN changes, US helps in detecting and 
assessing a variety of causes of nerve compression.12,13,27–29 Masses 
are easily detected and US can evaluate their size, borders, internal 
structure and vascularity (Fig. 61.9). Frequently US allows a specific 
diagnosis on the basis of mass appearance (accessory muscle, 
mucoid cyst, lipoma, ganglion, etc.), obviating the need for other 
imaging examinations (Fig. 61.10). As for all musculoskeletal exam-
inations, integration of clinical data and US appearance helps accu-
rate diagnosis. If a local injection is needed, US guidance can avoid 
inadvertent nerve damage during the procedure (Fig. 61.11). Entrap-
ment neuropathies can affect a wide variety of nerves. The most 
commonly involved are the median,16,17,27,28 ulnar10,11,16,28 and radial 
nerves.47–49

Measurements of the nerve area in the transverse plane at proximal 
level as well as the ratio between proximal and distal areas have 
been used to establish diagnostic cut-off values, particularly in 
carpal tunnel syndrome.12,13 The site of nerve compression can be 
detected by showing an abrupt transition between the swollen 
proximal portion and the thinned compressed part. This ‘notch 

Figure 61.7 Trauma. Postsurgical appearance. A: Sagittal image obtained over the palmar aspect of the distal forearm shows a 
postsurgical neuroma (white arrow) as a focal fusiform swelling of the median nerve (black arrows). The axial sonogram (B), obtained over 
the neuroma, shows multiple internal hyperechoic foci corresponding to surgical stitches (arrowheads) in the swollen nerve. FTs, flexor 
tendons.
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Figure 61.8 Entrapment neuropathy. Carpal tunnel syndrome. Sagittal (A) and axial (B) sonograms obtained over the median nerve 
at the carpal tunnel. A: The sagittal image shows the transverse ligament (arrowheads) as a hyperechoic band. The median nerve is 
thinned at the level of the ligament (small arrows) and swollen proximal to it (large arrow). B: In the axial image, obtained at the proximal 
tunnel, the nerve appears swollen (arrow) and displaced in a palmar direction by the hypertrophied tendon synovium (hollow arrowheads). 
Note partial loss of internal fascicular pattern of the nerve. FTs, flexor tendons; Sc, scaphoid.

A B

US changes of peripheral nerves in entrapment neuropathies

• Nerve shape
• Swelling proximal to the site of compression
• Thinning at the site of compression
• Swelling distal to the site of compression (less frequent)

• Nerve internal structure
• Overall hypoechoic appearance
• Loss of fascicular pattern
• Internal hyperaemia on colour Doppler (less frequent)

• Nerve position
• Displacement of the nerve
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Figure 61.9 Entrapment neuropathy. Compression of the posterior interosseous nerve by an intramuscular lipoma. Axial 
sonogram (A) and corresponding axial T1-weighted MR image (B). In A the supinator muscle appears swollen and irregular because of 
an intramuscular hyperechoic mass (asterisk) suggesting a lipoma. Colour Doppler (not shown) did not show any intralesional flow signals. 
The posterior interosseous nerve (arrow) appears compressed by the lipoma against the arcade of Frohse. MR image (B) confirms the 
diagnosis of an intramuscular lipoma (*). Note the flattened appearance of the compressed nerve (arrow).

A B

Figure 61.10 Entrapment neuropathy: Guyon tunnel 
syndrome. Sagittal oblique sonogram in a patient suffering from 
weakness of the intrinsic hand muscles. Sonogram, obtained 
medial to the hamate hook, shows a well-defined anechoic ganglion 
(G) compressing the motor branch of the ulnar nerve (callipers). 
Note how the ganglion displaces the adjacent nerve, which is 
locally swollen and hypoechoic.

Figure 61.11 Carpal tunnel syndrome: US-guided procedures. 
Axial image obtained over the carpal tunnel during US-guided 
steroid injection shows correct location of the needle’s tip 
(arrowhead) inside the inflamed synovial tendon sheath. Arrow, 
median nerve; Sc, scaphoid; Pis, pisiform.

TUMOURS AND OTHER MASSES

Peripheral nerve tumours are mostly benign and include two major 
benign histotypes – schwannomas (also called neurilemmomas) 
and neurofibromas.50–53 Malignant peripheral nerve sheath tumours 
are rare and usually derive from the sarcomatous transformation of 
a neurofibroma.

The differentiation between schwannomas and neurofibromas is 
important. Neurofibromas infiltrate nerve trunks and spread among 
the nerve fascicles (Fig. 61.12). Many neurofibromas cannot be 
removed without sacrificing the nerve, requiring nerve resection 
and grafting. Schwannomas usually displace the nerve fascicles and 
can be shelled out while preserving nerve continuity39,40 (Fig. 61.13). 
Benign nerve tumours are round, oval or fusiform hypoechoic 

masses with well-defined margins. Internal cystic changes as well 
as posterior enhancement may be observed. The most important 
criterion for the US diagnosis of a nerve tumour is the relation of 
the mass to a nerve.51,52 This can be easily accomplished if the nerve 
is 2 mm or more in size and if the nerve lies in the superficial 
tissues. Assessment of the relation with the nerve can be very dif-
ficult in deep masses or when the nerve is small as in the subcutane-
ous tissues. In a recent study of 76 peripheral nerve tumours, the 
relationship with the nerve was undetermined at US in 40% of 
schwannomas and 53.8% of neurofibromas.51 Axial images are 
usually more effective in assessing nerve/tumour relation. The 
nerve is first detected proximally and then followed distally to the 
level of the mass. Longitudinal images can also be useful but  
visualisation of the nerve entering and leaving the mass in  
the same image can be difficult to achieve. Distinction between 
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Figure 61.12 Neurofibroma of sural nerve. The nerve (arrows) 
enters and leaves the mass in a central position.

Figure 61.13 Schwannoma of the tibial nerve. Sagittal (A) and axial (B) sonograms, axial T1-weighted (C) and gadolinium-enhanced 
T1-weighted (D) MRI images obtained over the distal tibial nerve. In A and B note the presence of an irregular hypoechoic solid tumour 
(T) located inside the tibial nerve (arrow). The tumour is located close to the flexor hallucis longus muscle (FHLm) and tendon (arrowhead). 
AT, Achilles tendon. C: MRI axial image corresponding to B. D: After gadolinium gadopentate injection note enhancement of the tumour. 
The FHL tendon (arrowhead in C and D) is compressed by the mass. Histological examination showed a schwannoma.
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schwannomas and neurofibromas is difficult with US. No ultra-
sonographic finding currently allows a definite differentiation 
between them51 but a nerve eccentrically entering the mass strongly 
suggests a schwannoma while a central position suggests a neurofi-
broma. Intratumour cystic changes and a hypervascular pattern on 
colour Doppler are also more common in schwannomas.

The majority of cysts (mucoid cysts, ganglia) responsible for com-
pression of PNs arise from the anterior aspect of the superior tibi-
ofibular joint (STFJ) (Fig. 61.14).54,55 There are two types of such 
cysts: intramuscular and intraneural. Both are mucoid cysts, with a 
fibrous external capsule and no synovial lining, that contain viscous 
fluid. With intramuscular cysts the compression on the nerve is 
external while with intraneural cysts the fascicles are compressed 
by the mucoid ganglion that develops inside the nerve perineu-
rium. Intramuscular ganglia arising from the STFJ usually develop 
inside the muscles of the anterolateral compartment of the leg and 
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Nerves most frequently affected in entrapment neuropathies

Suprascapular nerve
• Shoulder

• Coracoglenoid notch
• Spinoglenoid notch

Median nerve
• Elbow

• Supracondylar process syndrome
• Pronatore teres syndrome
• Lacertus fibrosus syndrome
• Flexor digitorum superficialis syndrome

• Wrist
• Carpal tunnel syndrome

Ulnar nerve
• Elbow

• Cubital tunnel syndrome
• Supracondylar process syndrome

• Wrist
• Guyon tunnel syndrome

Radial nerve
• Elbow

• Supinator syndrome
• Wrist

• Wartenberg syndrome

Lateral femoral cutaneous nerve
• Hip

• Meralgia paraesthetica

Peroneal nerve
• Knee

• Intramuscular ganglia
• Intraneural ganglia
• Peroneal tunnel

Tibial nerve
• Ankle

• Tarsal tunnel syndrome
• Foot

• Morton neuroma

MISCELLANEOUS DISORDERS

Due to its high resolution US can also assess other disorders of the 
PNs. US can assess pathological nerve changes in Charcot–Marie– 
Tooth disease56 and helps in defining the Charcot–Marie–Tooth 
type 1A from other types of the disease. In leprosy detection of 
endoneural colour flow signals indicate active reversal reactions57 
and suggest prompt anti-reactional treatment. Fibrolipomatous 
hamartoma mainly affects the median nerve. It presents at US as a 
marked enlargement of the nerve, which appears hyperechoic 
because of the increased internal echogenic fat surrounding the 
normal appearing nerve fascicles.58 There is increasing use of ultra-
sound in guiding needle placement for local anaesthesia.59,60
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Figure 61.14 Ganglion of the superior tibiofibular joint 
compressing the peroneal nerve. Axial oblique sonogram 
obtained over the fibular head shows a well-marginated anechoic 
soft tissue mass arising from the superior tibiofibular joint. The 
appearance is typical of a ganglion. The cyst displaces the adjacent 
peroneal nerve (arrows).

can compress the peroneal nerves, causing motor deficit and ill-
defined pain in the anterolateral aspect of the leg. Intraneural 
ganglia enter the articular nervous branch and then dissect cranially 
inside the peroneal nerve towards the sciatic nerve. US demon-
strates intramuscular ganglia as pear-shaped, anechoic expansible 
lesions with the proximal pointed portion closely related to the STFJ 
and a distal rounded portion extending inside the muscle.54 Septa-
tions arising from the internal side of the fibrous wall are usually 
evident in larger ganglia. The relations of the cyst with the peroneal 
nerves and anterior tibial artery can be assessed by US. Needle 
aspiration guided by real-time US is not curative but can ameliorate 
the patient’s symptoms by reducing intracystic pressure and pres-
sure on the adjacent nerve. Intraneural cysts are smaller than intra-
muscular ganglia and appear as tubular anechoic structures inside 
the nerve. US shows hypoechoic enlargement of the articular branch 
of the common peroneal nerve and cranial extension of the cyst. A 
high-resolution transducer can show the compressed nerve fasci-
cles displaced by the cyst, which appears surrounded by the 
epineurium.
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Potential risks of musculoskeletal interventional procedures

• Infection
• Bleeding
• Initial increase in pain
• Allergic reaction
• Fat necrosis
• Skin discoloration
• Steroid flare
• Tendon rupture
• Local trauma (nerves, vessels, articular cartilage)

INTRODUCTION

Ultrasound is ideal for guiding interventional musculoskeletal pro-
cedures. It provides real-time visualisation of needle advancement, 
confirmation of accurate needle placement and observation of inter-
ventional procedures such as aspiration, injection and biopsy. Aspi-
ration of cystic lesions may be both diagnostic and therapeutic. 
Aspiration of joints helps differentiate between seropositive, seron-
egative, crystal and septic arthropathy. Injection may be diagnostic 
or therapeutic. A diagnostic injection is targeted at a specific site to 
determine if it is the source of the patient’s symptoms by assessing 
the response to local anaesthetic injection. A therapeutic injection 
usually contains corticosteroids to give an anti-inflammatory effect. 
Biopsy of solid soft tissue masses and bone lesions that involve the 
cortex can be performed under ultrasound guidance. The aim of 
this chapter is to provide a practical description of the most com-
monly performed procedures.

Several points are common to most ultrasound-guided interven-
tional procedures.

An appropriate patient history including allergies and medica-
tion, specifically anticoagulation drugs, should be obtained. 
Informed patient consent should be obtained following discussion 
of the risks of infection, bleeding, initial increase in pain and allergic 
reaction. Fat necrosis and skin discoloration are potential com-
plications following superficial steroid injections. With sterile 

precautions, extra-articular soft tissue injections have a remarkably 
low complication rate.

High-frequency linear array transducers with a centre frequency 
of 9.5–12.5 MHz are usually used. Occasionally a lower-frequency 
5 MHz curved array transducer is required for imaging deeper 
joints such as the hip in obese patients. The focal zone should be 
centred at the depth of the target and the gain settings should be 
adjusted to allow differentiation between cystic and solid lesions. 
Stand-off pads are not recommended because of the difficulty of 
keeping the puncture point sterile.

A full ultrasound examination should be completed before locali-
sation of the intended target structure. Time should be spent deter-
mining the best transducer position, puncture point and approach 
route while avoiding other soft tissue structures and nearby neu-
rovascular bundles. The puncture site is marked in a number of 
ways. Skin marking pens are commonly used but may be smudged 
or wiped clear during skin sterilisation if they are water soluble or 
stain the probe if not water soluble. Pressure with the blunt end of 
a needle or needle cover avoids this. Pressure for 10 seconds pro-
duces an impression that lasts for about 5 minutes, which is enough 
time for scrubbing and skin preparation. Skin pressure can be com-
bined with a marker pen to indicate the puncture site. Marking a 
line rather than a single point gives the initial needle direction as 
well as the puncture point. The relationship of the puncture point 
to the intended target can be shown by placing a metal marker such 
as an extended paperclip on the marked puncture site. The trans-
ducer over the paperclip creates an artefact characterised by ring 
down, an echo pattern caused by reverberation, which is projected 
through the tissues towards the target. With practice, the needle can 
be inserted blind then advanced the final distance under ultrasound 
guidance to its intended target.

The degree of sterility varies with the procedure, personal prac-
tice and local guidelines. Thorough skin antisepsis and sterile 
contact jelly should be minimal requirements. For intra-articular 
injections, particularly with implanted joints, a higher level of steril-
ity is warranted with gloved hands, meticulous skin preparation, 
skin drapes and sterile probe covers.

Lidocaine 1% is generally used for local anaesthesia and is 
injected along the course that will be traversed by the needle. Care 
must be taken not to inject air bubbles as they may obscure the 
region of interest. The initial sting from some anaesthetic 
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be used during an injection. The location of the colour jet will 
confirm that needle placement is correct (Fig. 62.1D).

The injection tray should be prepared in advance and kept out of 
the patient’s sight until needed. Drugs should not be drawn up in 
full view of the patient, particularly children. The most frequently 
used therapeutic cocktail is a combination of corticosteroid mixed 
with a long- or short-acting local anaesthetic such as 40 mg triam-
cinolone and a long-acting local anaesthetic. For more superficial 
injections, where there is a risk of a subcutaneous leak, methylpred-
nisolone replaces triamcinolone as the corticosteroid of choice as 
there is some evidence to suggest methylprednisolone is less likely 
to cause subcutaneous fat necrosis or skin depigmentation.

Corticosteroid should not be injected directly into tendons as a 
focal area of necrosis may lead to tendon rupture. If there is uncer-
tainty about needle placement into a tendon sheath, a preliminary 
injection of a small quantity of local anaesthetic will distend the 
tendon sheath, confirming correct needle placement with free flow 
of anaesthetic within the sheath and away from the needle. The 
needle should be repositioned if undue resistance is encountered. 
Injections around large weight-bearing tendons, such as the Achil-
les and patellar tendons, should only be performed after discussion 
of the risks and benefits with both the patient and clinical team.

SHOULDER

Subacromial subdeltoid bursal injection

Introduction
Ultrasound-guided injections can be quickly and easily performed 
following the diagnostic shoulder examination, which ends with 
the patient and transducer in the correct position for injection. A 
quick clean with a sterile swab followed by the bursal injection 
allows the diagnostic examination to be combined with a guided 
injection with little prolongation of the overall examination time.

Equipment
A 21G needle is adequate for all but the deepest bursae. The sub-
acromial subdeltoid bursa is a large structure and can accommodate 
a considerable volume of fluid but a combination of 40 mg triam-
cinolone and a long-acting local anaesthetic totalling 5–10 mL is 
usually used.

Patient position
The shoulder is usually examined with the operator standing 
behind the seated patient. The patient is asked to leave their arm in 
the final position of the diagnostic examination with the shoulder 
adducted and internally rotated. Some sonologists prefer the patient 
to be supine to reduce the risk of a vasovagal reaction.

Transducer position
The transducer is placed in the same position as used to create a 
coronal image of the supraspinatus tendon.

Puncture point
The needle can approach from either above or below the trans-
ducer. A common approach for a right-handed operator, for a right 
shoulder injection, is to hold the transducer in the right hand and 
the needle in the left hand while standing behind the seated patient. 
The reverse is true for a left shoulder injection. With this technique, 
the skin is punctured above the transducer, lateral to the tip of the 

preparations can be reduced by the addition of a 1% bicarbonate 
solution. Adequate time should be given for local anaesthesia to 
work. With more complex preparations, such as the application of 
a sterile probe cover, skin preparation and local anaesthesic injec-
tion are carried out first. Ultrasound guidance can be used to infil-
trate local anaesthetic around a mass prior to biopsy, particularly if 
the lesion is expected to contain neural elements. Certain bone 
biopsies may be performed under ultrasound guidance and it is 
important to generously infiltrate local anaesthetic around the peri-
osteum at the biopsy site because of the hypersensitivity of the 
periosteal envelope. In children, the use of topical local anaesthetic 
cream or ethyl chloride spray helps to reduce the discomfort of the 
initial injection. These preparations can also be used in adults in 
areas that are more uncomfortable such as the sole of the foot but 
whether they have any more than a placebo effect in adults is 
debatable.

The distance of the target from the skin puncture point can be 
measured to choose the appropriate needle length. A 21G green 
(4 cm) needle is usually sufficient to puncture relatively superficial 
structures in the majority of cases. A 21G spinal (9 cm) needle is 
used for deeper structures. Rarely, it may be necessary to use longer 
needles such as a Chiba needle for very large patients. A wider-bore 
17–19G needle may be used for aspiration of viscous fluid from an 
abscess or ganglion. A variety of biopsy needles are available for 
soft tissue and synovial biopsy. A 14–16G biopsy needle is usually 
used. It is important to be familiar with the throw length of the 
needle to ensure adequate sampling and to avoid nearby vital 
structures.

Needle placement technique is similar regardless of the type of 
needle and whether the intention is to aspirate, inject or biopsy. 
Ideally the patient should not see the needle until it is about to be 
inserted into the skin. A minor distraction at the time of needle 
insertion such as asking the patient to take a deep breath or direct-
ing a question may help. The needle entry is usually aligned with 
the ultrasound transducer in the longitudinal plane so that the shaft 
of the needle is seen as a bright echogenic linear structure. Rever-
beration artefacts may be seen posterior to the needle as its axis 
approaches 90° to the ultrasound beam. Once the needle is in the 
target structure, the location of the needle tip can be confirmed in 
the transverse plane where it is seen as a single echogenic dot in 
the centre of the target. With practice, the dexterity required to 
manipulate the needle improves and the needle may be held in 
either the right or left hand with an approach from above or below 
the transducer.

Needle visualisation in interventional musculoskeletal ultra-
sound is generally excellent because of the high-resolution trans-
ducers and relatively superficial musculoskeletal structures. There 
are several techniques for optimising needle visualisation. The 
needle should be advanced as parallel to the face of the transducer 
as possible to maximise needle conspicuity by providing a single 
strong sound interface that should render the needle visible regard-
less of the acoustic properties of surrounding tissues. Repeated 
small backwards and forwards movements of the needle are useful 
in showing the needle tip, particularly when injecting deep struc-
tures. If there is still doubt, a small injection of local anaesthetic or 
sterile saline which is almost invariably accompanied by a little gas 
is ultrasonically visible and will localise the injection even if the 
needle tip cannot be seen. With the needle in place, colour flow can 

Tips to optimise needle visualisation

• Advance needle as parallel to transducer as possible.
• Use small back and forward movements to localise needle.
• Inject small amount of local anaesthetic or sterile saline to localise 

needle tip.
• Use colour flow during needle placement or injection.
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Figure 62.2 Subacromial subdeltoid bursal injection via 
anterior approach. Anterior transverse ultrasound image shows 
the anterior free edge of supraspinatus and biceps tendon (BT) with 
the needle directed into the bursa from a medial puncture point.

Figure 62.1 Subacromial subdeltoid bursal injection. A: The patient leaves the arm in the final position of the diagnostic 
examination with the shoulder adducted and internally rotated. The preferred approach to the bursa is with the needle above the 
transducer. B: Coronal proton density MR image shows the approach of the needle, lateral to the tip of the acromion and parallel to the 
bursa, close to the superolateral margin of supraspinatus. C: Comparative ultrasound image shows the needle (arrows) entering the bursa 
(SAB) between the deltoid muscle and supraspinatus tendon. Reverberation artefact is seen posterior to the needle. D: Ultrasound image 
with colour Doppler flow shows the needle (arrows) with a colour jet in the bursa (SAB) confirming correct needle placement during  
the bursal injection.

A
B

C D

acromion and the needle directed anterolaterally into the bursa. An 
approach from above the transducer has the advantage of the trans-
ducer cable not getting in the way of the needle (Fig. 62.1). If the 
patient is supine, the needle can be inserted along the same axis in 
the opposite direction by puncturing the skin distal to the trans-
ducer. An alternative is to place the transducer transversely in an 
anterior position until the anterior free edge of the supraspinatus 
tendon and the subacromial subdeltoid bursa are visualised. The 
skin is punctured just medial to the transducer and the needle 
directed into the bursa (Fig. 62.2).

Target point
Provided that the needle is kept in the same plane as the transducer, 
it can be visualised until it reaches the superior surface of the 
supraspinatus tendon. An initial injection in this position may 
confirm correct needle placement in the bursa as the injected mate-
rial flows away from the needle tip. It helps if the bevel of the needle 
is inferior. Focal accumulation of injected fluid indicates incorrect 
positioning with the needle tip most commonly on the deltoid side 
of the bursa. Gentle advancement of the needle with a slight 
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shadowing generated by calcium. Correct needle location can be 
verified when gentle movement of the needle is transmitted to the 
calcific deposit and observed by ultrasound. Aspiration of calcium 
is initially attempted. If aspiration is unsuccessful, then needling 
the lesion can help encourage calcium fragmentation and disper-
sion. Saline may be injected to help flush out the calcium. Subse-
quent aspiration may then be performed via the same needle or a 
second needle may be inserted so that the saline is injected via one 
needle and aspirated with the other. Extracted calcium is identified 
in the syringe as solid white gritty material or milk-like fluid. 
Lavage is usually continued until the aspirate is free of calcific 
particles but it is not essential to remove the calcium deposit com-
pletely. Excellent results have been reported following partial 
removal of calcium.1,2 In these cases, needling may decompress the 
calcium-containing cavity and allow sufficient disruption and local-
ised bleeding to facilitate spontaneous resorption of the remaining 
calcium or its dispersion into the subacromial space.1,2 Reduction in 
the size of the calcification or a decrease in its echogenicity are 
associated independently with improved symptomatic relief.1,2 Fol-
lowing barbotage, a small quantity of local anaesthetic and hydro-
cortisone may be injected into the residual calcium.

Shoulder joint injection

Introduction
Guided shoulder injections may be used for therapeutic purposes 
or direct magnetic resonance (MR) arthrography. MR arthrography 

hooking action to direct the needle under the reflective bursal 
surface is usually adequate to ensure placement within the bursa 
and the injection can be completed.

Post procedure
Following the injection it is often useful to gently manipulate the 
shoulder and determine whether the patient’s range of movement 
within the painful arc has improved. A reduction of symptoms with 
an increased range of motion is termed a positive impingement test.

Barbotage of calcific  
supraspinatus tendinopathy

Introduction
Calcific tendinopathy is caused by the deposition of calcium 
hydroxyapatite crystals. It is not always symptomatic and barbo-
tage is usually reserved for patients who suffer acute pain. Symp-
toms may be so acute that a diagnosis of septic arthritis is frequently 
considered. It is difficult to determine which lesions are likely to 
respond to treatment. Inflammatory change in the adjacent tendon 
and poorly demarcated calcification with faint or absent acoustic 
shadowing are clues.1 Plain films may be more useful in making 
this assessment. Ill-defined faint cloudy appearances on the plain 
radiograph suggest milk of calcium, which is more easily aspirated 
and likely to respond to the procedure. Well-defined dense calcifi-
cation is usually longstanding and unlikely to respond to 
barbotage.

Equipment
A single or double needle technique may be used with 18–21G 
needles. The calcium may be easier to flush out by using one needle 
to inject saline and a second needle for aspiration.1 Multiple needle 
punctures of the rotator cuff with larger 18G needles are not known 
to compromise tendon integrity or increase the risk of a tendon tear.

Patient position
The technique is similar to a subacromial subdeltoid bursa injection 
previously described and can be carried out with the patient seated 
or supine. The patient should be warned that barbotage may be 
painful and in many cases the examination is best carried out with 
the patient in an oblique decubitus position.

Transducer position
Although the coronal approach frequently provides the best view 
of the calcification, this is not always true. The transducer should 
be positioned for optimal visualisation of the calcification and the 
most direct approach to it.

Puncture point
Once the best transducer position has been decided, the skin is 
usually punctured at the midpoint of the lateral short axis of the 
transducer.

Target point
The needle is initially directed into the subacromial subdeltoid 
bursa, which is injected with local anaesthetic before the barbotage 
procedure as barbotage may release calcium crystals into the bursa, 
which can be very painful. The same needle is then advanced into 
the calcium (Fig. 62.3). The distal part of the needle is usually not 
visible within the dense calcium because of posterior acoustic 

Figure 62.3 Supraspinatus calcification barbotage. Coronal 
ultrasound image showing the needle (arrow) directed into an 
echogenic calcium deposit (arrowheads) within the distal 
supraspinatus tendon.

Tips to barbotage supraspinatus tendon

• Better response if ill-defined calcification, faint acoustic 
shadowing, peritendinous inflammation, reduction in calcium size 
and echogenicity post procedure.

• Position transducer for most direct approach to calcification.
• Start with local anaesthetic injection into subacromial bursa.
• Needle calcium to encourage fragmentation and dispersion.
• Needle movement transmitted to calcification aids in localisation.
• Use saline to flush out calcium.
• Use single or double needle technique to aspirate calcium.
• Follow barbotage with local anaesthetic and hydrocortisone 

injection into residual calcium or subacromial bursa.
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interval and aspiration-injection of paralabral or supraglenoid 
cysts, which are best performed with a transversely orientated 
transducer.

Acromioclavicular joint injection

Equipment
A 21G green needle and 20 mg methylprednisolone mixed with a 
long-acting local anaesthetic is suggested. The acromioclavicular 
joint is a small joint and is unlikely to accept more than 1–1.5 mL.

Patient position
The procedure is performed with the patient seated or supine and 
the operator beside the patient.

Transducer position
The acromioclavicular joint is most easily visualised in the coronal 
plane but best injected in the sagittal plane. To identify the joint in 
the sagittal plane, the transducer is initially placed over the outer 
end of the clavicle and then moved laterally until the bony reflec-
tion disappears, indicating that it is now positioned directly over 
the joint. Further lateral movement shows the echogenic surface of 
the acromion.

Puncture point
The needle is inserted from superoposterior parallel to the trans-
ducer with the transducer in the sagittal plane along the anterior 
aspect of the joint (Fig. 62.5). Reversing needle and transducer is 
equally effective.

Target point
The needle is easily seen entering the rounded poorly reflective 
joint.

ELBOW

Common extensor origin injection

Introduction
The main indication for injecting the common extensor origin is 
persistent tennis elbow that has failed to respond to physiotherapy 
and blind injection. The same procedure can be used to inject the 
common flexor origin on the medial side of the elbow for persistent 
golfer’s elbow.

Equipment
A 21G green needle is used. For a corticosteroid injection, a combi-
nation of 40 mg methylprednisolone mixed with a long-acting local 
anaesthetic totalling 2–3 mL is suggested. An alternative procedure 
that does not involve corticosteroids is to make multiple punctures 
of the tendon with the needle, which is termed dry needling. It is 
postulated that dry needling fenestrates the tendon, causing fibril-
lar disruption and internal bleeding to initiate a healing response.4 
Dry needling can be combined with an injection of 2 mL autologous 
blood. It is hypothesised that growth factor-β and fibroblast growth 
factor carried in the blood will act as humoral mediators to induce 
the healing cascade.4

is useful to depict the intra-articular abnormalities that contribute 
to an unstable shoulder following shoulder dislocation. As the 
majority of dislocations and structures of interest are anterior, a 
posterior approach is best to reduce any artefacts that may hinder 
interpretation of the study. Injection may be performed under ultra-
sound or fluoroscopic guidance to reduce the risk of failure associ-
ated with a blind injection. Ultrasound equipment is portable and 
thus more readily available in remote MR units.

Equipment
A 21G spinal needle is recommended. The injectate depends on the 
indication for the procedure; either a mixture of 40 mg triamci-
nolone and a long-acting local anaesthetic for a therapeutic injection 
or approximately 12–20 mL of 0.1 mL gadolinium diluted in 20 mL 
saline for an MR arthrogram.

Patient position
The patient may be seated with the operator standing behind the 
patient. Alternatively the patient may be placed in a semi-prone 
position with the affected shoulder uppermost and the ipsilateral 
arm resting over a bolster or pillow to maintain the semi-prone 
position and optimise patient comfort.

Transducer position
The transducer is best aligned beneath the scapular spine in the 
axial plane directly over the posterior glenohumeral joint and 
manipulated until the posterior glenoid margin with its attached 
labrum is visualised.

Puncture point
The needle is introduced just lateral to the ultrasound transducer 
and directed obliquely along a path where the humeral head slopes 
towards the posterior labrum.

Target point
The needle is directed in the axial plane aiming for a point approxi-
mately halfway between the most posterior aspect of the humeral 
head and the glenoid margin. The path of the needle is adjusted so 
that the needle tip passes into the joint space directly beneath the 
free margin of the glenoid labrum (Fig. 62.4). Care should be taken 
not to aim for the glenoid margin itself as a large labrum may dis-
place the needle posteriorly and prevent accurate placement into 
the joint. This lateral approach avoids the suprascapular nerve and 
circumflex scapular vessels that course medial to the glenoid rim. 
As the needle passes through the infraspinatus tendon or its mus-
culotendinous junction, the needle tip may be deflected off course 
as it dissects into and along the path of the tendon fibres. This 
tendency can be reduced by advancing the needle with the bevel of 
the needle tip facing away from the humeral head.3 Rotation of the 
needle tip through 180° so that the bevel faces towards the humeral 
head may be required to find a resistance-free intracapsular loca-
tion.3 The intra-articular position of the needle can be confirmed by 
injecting a small amount of local anaesthetic. The arthrographic 
material or an anti-inflammatory cocktail may then be injected. In 
the early stages of the injection, distension of the posterior gleno-
humeral joint recess is typically not evident on real-time scanning 
as the injected substance passes into the non-visualised dependent 
anterior joint recess. Towards the end of the injection, if a suffi-
ciently large volume of fluid has been instilled, the posterior recess 
of the glenohumeral joint begins to distend and the posterior 
capsule is seen displacing away from the humeral head.

Other indications for ultrasound-guided procedures around the 
shoulder joint include injection of the biceps tendon sheath, anterior 
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Puncture point
The skin is punctured distal to the transducer and the needle 
advanced proximally and medially to the extensor origin.

Target point
The line of approach should allow the needle to be advanced to the 
deep portion of the common extensor origin, which is usually the 
site of maximal tendon injury. The radiocapitellar joint is a useful 
landmark for this purpose (Fig. 62.6).

Patient position
Injection of the common extensor origin is usually performed with 
the patient seated opposite the operator with both arms extended 
on the examination table and palms together in the so called ‘prayer 
position’.

Transducer position
The transducer is positioned in the coronal plane along the lateral 
aspect of the elbow.

Figure 62.4 Shoulder joint injection. A: The transducer is placed in the axial plane over the posterior shoulder with the patient 
in a seated or semi-prone position. The puncture point is lateral to the transducer. B: Axial fat-saturated T1-weighted MR arthrogram 
indicating the path of the needle along the humeral head as it slopes towards the posterior labrum into the posterior glenohumeral joint.  
C: Ultrasound image at the same position shows the direction of the needle into the joint space directly beneath the free margin 
of the posterior glenoid labrum (arrowhead).

A B
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soft spot on the lateral aspect of the flexed elbow. A third approach 
in adults is just lateral to the olecranon process where a small 
groove can be palpated between the olecranon and the humerus.

Target point
The elbow joint is readily identified by any of the approaches 
described. Once the needle is inserted, it is helpful to move the 
probe to visualise the olecranon fossa prior to injecting. This allows 
confirmation of joint filling and visualisation of loose bodies  
as mobile echogenic foci with or without posterior acoustic 
shadowing.5

WRIST AND HAND

Tendon sheath injection

Introduction
Injection of a tendon sheath is a relatively easy procedure due to 
the superficial location and elongated structure which provides a 
large target area.

Equipment
A 21G green needle and 40 mg triamcinolone mixed with a long-
acting local anaesthetic is used. A large tendon sheath will usually 
accept 5 mL.

Patient position
The patient is seated opposite the operator with the forearm 
extended on the examination table and rotated to allow access to 
the relevant tendon sheath.

Elbow joint injection

Equipment
A 21G green needle is usually adequate to access the elbow joint; 
40 mg triamcinolone mixed with a long-acting local anaesthetic is 
a common combination for a therapeutic injection. The joint gener-
ally accepts 8–10 mL. Ultrasound may be used as guidance for joint 
distension and gadolinium injection prior to MR arthrography. 
Saline arthrosonography can be used to detect radiographically 
occult osseous and cartilaginous loose bodies within the joint.5

Patient position
The patient may be seated with the elbow flexed at 90° and forearm 
perpendicular to the examination table in the so-called ‘crab posi-
tion’ or lying down with their arm positioned across their chest. In 
children with suspected septic arthritis, the child sits facing the 
mother on her lap with the arms wrapped around the mother’s side. 
A nurse or assistant can stand behind the mother and hold the 
child’s hands to prevent excessive movement. This position allows 
access to the posterior aspect of the elbow joint for examination and 
aspiration.

Transducer position
A posterior approach is simplest, particularly in the presence of an 
elbow joint effusion. The transducer is best positioned in a sagittal 
plane along the posterior aspect of the joint.

Puncture point
With a posterior approach, the puncture point is proximal to the 
transducer and a path adjacent to the triceps tendon rather than 
through it is recommended (Fig. 62.7). An alternative approach in 
adults is through the radiocapitellar joint, which is palpated as a 

Figure 62.5 Acromioclavicular joint injection. A: The acromioclavicular joint is best injected in the sagittal plane. The transducer is 
usually along the anterior aspect of the joint with the needle inserted from superoposterior. Reversing needle and transducer is equally 
effective. B: Ultrasound image showing the acromioclavicular joint as a rounded, poorly reflective structure (arrowheads) in the sagittal 
plane and the approach of the needle.

A B
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Target point
Under ultrasound guidance, the needle is advanced with further 
infiltration of local anaesthetic to provide pain relief and to distend 
the tendon sheath. Rotating the needle so that the bevel points 
towards the tendon helps reduce the possibility of tendon puncture. 
Once correct needle placement has been confirmed by the free flow 
of local anaesthetic within the sheath away from the needle, the full 
injection can be administered (Fig. 62.8). The injection should result 
in distension of the tendon sheath with filling on both sides of the 
tendon. If filling is limited to only one side of the tendon it is likely 
that the needle lies outside the tendon sheath. In de Quervain’s 
tenosynovitis, the sclerosing nature of the disease limits the amount 
that can be injected and needle placement can be more difficult and 
painful.

Transducer position
The transducer is orientated along the long axis of the tendon 
sheath to be injected.

Puncture point
The puncture point may be proximal or distal to the transducer 
with the needle directed at a relatively shallow angle towards the 
tendon sheath. A line rather than a point mark helps to indicate 
both the puncture site and direction of needle advancement. If local 
anaesthetic is used, the skin can be anaesthetised along the direction 
indicated by the line. When the transducer is placed in position, the 
needle tip will be found to lie close to its target area.

Figure 62.6 Common extensor origin injection. A: The patient is seated with arm extended and the transducer positioned in the 
coronal plane along the lateral elbow. The puncture point is usually distal to the transducer. B: Coronal STIR MR image shows the line of 
the needle towards the extensor origin and radiocapitellar joint. C: Corresponding ultrasound image shows the needle (arrows) being 
advanced towards the deep portion of the common extensor origin (CEO) with reverberation artefacts.

A
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Carpal tunnel injection

Equipment
A 21G green needle and 40 mg triamcinolone mixed with a long-
acting local anaesthetic is used.

Patient position
The patient is seated opposite the operator with the forearm 
extended and supinated on the examination table.

Transducer position
The standard injection point for a carpal tunnel injection is between 
the flexor carpi radialis tendon and the median nerve. The puncture 

Figure 62.7 Elbow joint injection. A: The elbow joint is usually accessed from a dorsal approach with the transducer in a sagittal plane. 
The puncture point is proximal to the transducer, adjacent to the triceps tendon. B: Sagittal T1-weighted arthrogram with fat saturation 
showing the direction of the needle into the posterior joint space. C: Corresponding ultrasound image shows the needle (arrow) passing 
into an effusion within the olecranon fossa (between arrowheads).

A
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Tips to inject tendon sheath

• Distinguish inflammation from infection, which should not be 
injected.

• Beware injecting weight-bearing tendons.
• Insert needle at relatively shallow angle.
• Insert needle with bevel down.
• Lead with local anaesthetic.
• Ensure fluid distends sheath and surrounds tendon after injection.
• De Quervain’s tenosynovitis may be sclerosing with little or no 

fluid.
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A rolled up towel or pad beneath the wrist allows slight wrist  
flexion.

Transducer position
The transducer is positioned in a sagittal plane along the dorsal 
aspect of the radiocarpal joint.

Puncture point
The preferred puncture point is distal to the transducer about 1 cm 
distal to Lister’s tubercle at the level of the proximal scaphoid pole.

Target point
The needle is directed proximally to enter the radiocarpal  
joint beneath the dorsal rim of the distal radius (Fig. 62.9). With 
therapeutic injections, the injectate is directly visualised  
entering the carpal joint. Ultrasound differentiates between  
a joint effusion and synovitis in patients presenting with  
wrist pain and swelling, thus appropriately guiding joint  
aspiration and synovial biopsy to assist in the diagnosis of an 
arthropathy.

Ultrasound is useful to guide aspiration and injection of ganglia 
arising from the carpal joint (Fig. 62.10). Ganglia are the commonest 
soft tissue mass around the wrist and up to 70% arise from the 
dorsal scapholunate joint. Aspiration may be difficult as the gan-
glion usually contains viscous fluid and a wider bore 17–19G needle 
is usually required. Aspiration is followed by an injection of 20 mg 
methylprednisolone.

point is determined by placing the transducer in the transverse  
plane to identify these two structures. The transducer is then  
rotated through 90° until its midpoint is centred over the space 
between the flexor carpi radialis tendon and median nerve in the 
sagittal plane.

Puncture point
The puncture point is proximal to the transducer and the flexor 
retinaculum.

Target point
The needle is directed under ultrasound guidance into the target 
space between the flexor carpi radialis tendon and median nerve. 
The small size of the target space means that a combination of sagit-
tal and axial views with the transducer is helpful in confirming 
accurate needle placement.

Carpal joint injection

Equipment
A 21G green needle and 40 mg methylprednisolone mixed with a 
long-acting local anaesthetic is recommended for therapeutic injec-
tions. The carpal joint generally accepts 5 mL.

Patient position
The seated patient is positioned opposite the operator  
with the pronated forearm resting on the examination table.  

Figure 62.8 Tendon sheath injection. A: The patient is seated 
with forearm extended and transducer orientated along the long 
axis of the tendon. The puncture point may be proximal or distal to 
the transducer. B: Coronal STIR MR image shows the needle from 
a distal approach directed at a relatively shallow angle towards the 
extensor tendon sheath. C: Comparative longitudinal ultrasound 
image shows the needle (arrow) within the tendon sheath during 
injection, which results in distension of the sheath on both sides of 
the tendon.
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Figure 62.9 Carpal joint injection. A: The patient is seated with 
forearm pronated and transducer in a sagittal plane along the 
dorsal radiocarpal joint. The preferred puncture point is distal to the 
transducer at the level of the proximal scaphoid pole. B: Sagittal 
T2-weighted MR image with fat saturation in a rheumatoid patient 
showing carpal joint synovitis and the direction of the needle into 
the dorsal radiocarpal joint. C: Corresponding ultrasound image 
shows the needle (arrow) advancing into an area of low 
echogenicity synovitis (arrowheads) in the dorsal radiocarpal joint.
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Figure 62.10 Aspiration of dorsal wrist ganglion. Longitudinal 
ultrasound image shows the needle (arrow) in a dorsal wrist 
ganglion (demarcated by arrowheads) prior to aspiration and 
injection.

Injection of the small joints of the hand

Introduction
Ultrasound-guided needle placement in small joints is more accu-
rate than a palpation-guided approach.6

Equipment
A 21G green needle is used. For therapeutic injections, 30 mg meth-
ylprednisolone mixed with a long-acting local anaesthetic is recom-
mended. The small joints of the hand generally accept 1–2 mL.

Patient position
Seating the patient opposite the seated operator with the patient’s 
hand resting on the examination table provides good access to the 
small joints of the hand.

Transducer position
A small footprint ultrasound transducer is best as it allows the 
puncture point to be closer to the centre of the image. The trans-
ducer is best positioned in the sagittal plane along either the volar 
or dorsal aspect of the joint.

Puncture point
A proximal puncture point is preferred although a distal puncture 
site can be used. The puncture point is just to the side of the flexor 
or extensor tendon. The position of the joint space relative to the 
puncture point can be confirmed by interposing a sterile needle 
between the transducer and the skin and moving the needle to 
overlie the joint space.
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joint space, anti-inflammatory therapeutic agents are injected. The 
intra-articular location of the needle is confirmed by visualising 
diffuse distension of the joint capsule during the injection. Joint 
aspiration and sampling of periarticular erosions is diagnostically 
useful to differentiate between seropositive, seronegative, crystal 
and other causes of an arthropathy. Synovial fluid may be aspirated 
in the presence of a joint effusion. If joint aspiration is unsuccessful, 
joint lavage with up to 1 mL of sterile saline followed by aspiration 
has been successful in obtaining synovial cells in up to 63% of 
cases.6 Ultrasound guidance can also be used to sample periarticu-
lar erosions. A 19–21G needle is manipulated into the base of the 
erosion under direct visualisation and manipulated from side to 
side before being withdrawn using gentle suction with a syringe to 
remove a small amount of histological material for cytological 
analysis.7

PELVIS

Adductor origin injection

Introduction
Adductor origin sprain or enthesopathy can be injected under ultra-
sound guidance. Ultrasound findings may not be prominent and 
correlation with areas of inflammation on corresponding MR 
images is often helpful.

Equipment
A 21G spinal needle with 40 mg triamcinolone mixed with a long-
acting local anaesthetic totalling about 4–5 mL is used.

Patient position
The adductor origin is best exposed with the patient lying in the 
supine position with the thigh abducted and externally rotated and 
the knee flexed.

Transducer position
The transducer is orientated along the long axis of the adductor 
tendons. The bony landmark of the inferior pubic ramus, from 
which the adductor tendons originate, is easily seen at the proximal 
aspect of the transducer.

Puncture point
The puncture point is usually from below the transducer so the 
needle can be inserted close to the adductor origin.

Target point
The needle should be directed close to and paralleling the adductor 
origin so that the greatest area of infiltration is achieved (Fig. 62.12).

Symphysis pubis injection

Introduction
As with adductor origin injections, correlation with corresponding 
MR images may be helpful. Abnormal symphyseal MR signal  
may be detected in the asymptomatic athlete and radiological find-
ings must always be correlated with clinical examination and 
history.

Target point
A proximal puncture point allows the needle to parallel the curved 
head of the more proximal metacarpal or phalanx and be directed 
under the rim of the more distal bone (Fig. 62.11). The inclination 
of the needle is almost parallel to the skin surface to access the very 
superficial small joints. Once the needle tip is visualised within the 

Figure 62.11 Injection of metacarpophalangeal joint of the 
hand. A: A small footprint transducer allows the puncture point to 
be closer to the centre of the image. The transducer is best 
positioned in the sagittal plane and a proximal puncture point is 
preferred. B: Sagittal T1-weighted MR image and (C) corresponding 
ultrasound image show the line of the needle from a proximal 
puncture point parallel to the curved metacarpal (MC) head and 
directed under the rim of the proximal phalanx (PP).
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HIP

Aspiration and injection of the adult hip

Introduction
Hip aspiration and injection may be performed for suspected infec-
tion, for MR arthrography or for therapeutic purposes. The depth 
of the adult hip joint results in the anatomy not being as well visu-
alised as in the child. In obese patients a lower-frequency probe 
may be required. These probes inherently have a lower spatial reso-
lution, which combined with the oblique needle approach makes 
visualisation of the needle more difficult. Capsular distension that 
follows a hip injection can also be more difficult to identify with 
certainty. In these patients, a fluoroscopic guided hip injection 
using iodinated contrast media may be more prudent to ensure that 
an intra-articular injection has been achieved. Ultrasound, however, 
has the advantage of distinguishing joint effusions from synovial 
inflammation and guiding synovial biopsy, which is a useful 
adjunct for investigation of the complicated hip replacement.

Equipment
A 21G spinal needle and 40–80 mg triamcinolone mixed with a 
long-acting local anaesthetic are used for a therapeutic injection. 
The hip joint will usually accept 5–8 mL. Viscosupplementation of 
the hip joint with hyaluronic acid or its derivatives has been effec-
tive for the symptomatic relief of osteoarthritis in individual cases.8

Equipment
A 21G green needle with 40 mg triamcinolone mixed with a long-
acting local anaesthetic totalling about 2–3 mL is used.

Patient position
Injection into the symphysis is best achieved with the patient lying 
supine.

Transducer position
The symphysis can be injected axially but a sagittal approach is 
often easier. Moving the transducer from side to side identifies the 
echogenic landmarks of the pubic bones and it becomes clear when 
the transducer is positioned directly over the hypoechoic symphy-
seal cleft. This technique is similar to isolating the acromioclavicular 
joint.

Puncture point
The puncture point is either proximal or distal to the transducer.

Target point
The needle is advanced under ultrasound visualisation into the top 
of the symphysis. The patient should be warned that a symphyseal 
injection can be painful.

Figure 62.12 Adductor origin injection. A: Sagittal T2-weighted MR image demonstrates a distal approach of the needle to the 
adductor origin beneath the inferior pubic ramus. B: Ultrasound image with the transducer aligned along the long axis of the adductor 
tendons shows the needle (arrow) directed close to the adductor origin (Add) prior to injection.
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(Fig. 62.14). This is the same approach as an iliopsoas bursal 
injection.

Target point
With the sagittal approach, the needle is directed towards the ante-
rior femoral head–neck junction until the needle tip is visible in the 
capsule adjacent to the femoral neck. With the axial approach,  
the rounded contour of the anterior femoral head contrasts with the 
triangular shaped acetabulum. The needle is advanced medially 
anterior to the femoral head and directed to a point just lateral to 
the anterior acetabular labrum. If the needle tip is intra-articular, 
no fluid should pool around the needle on injection.

Synovial biopsies may be more valuable than aspiration of fluid 
in infected hip replacements. Ideally, three separate specimens 
should be obtained, using a different needle each time to reduce the 
possibility of contamination. Restrained use of lidocaine is recom-
mended as it is bacteriostatic. Ultrasound is also useful to guide 
aspiration of the potentially infected native hip joint. If no effusion 
fluid is initially aspirated, 3–4 mL of sterile non-bactericidal saline 
can be injected into the joint with re-aspiration of the fluid for 
microbiological assessment.

Patient position
The patient lies in the supine position with the hips extended.

Transducer position
Two approaches can be used depending on personal preference, 
patient body habitus and the presence of a joint effusion. With the 
standard sagittal approach, the transducer is orientated along the 
femoral neck to give a view of the anterior joint space. In thin 
patients and non-distended joints, a good view of the anterior joint 
can be obtained with the transducer turned into an axial position 
over the femoral head.

Puncture point
With the sagittal approach, the puncture point is usually distal to 
the transducer with the needle directed proximally towards the 
joint (Fig. 62.13). With the axial anterior approach, the puncture 
point is lateral to the transducer and femoral vessels, remembering 
that the femoral nerve lies most lateral and is not as conspicuous 

Figure 62.13 Standard sagittal approach to adult hip. A: The 
patient is supine with hips extended and transducer positioned to 
give a sagittal view of the anterior joint space. The puncture point  
is usually distal to the transducer. B: Sagittal T1-weighted MR 
arthrogram with fat saturation shows the needle directed proximally 
towards the anterior femoral head–neck junction. C: Comparative 
ultrasound image shows the needle (arrow) directed towards the 
anterior femoral head–neck junction prior to aspiration of an 
effusion (between arrowheads).
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syringe are used and the aspirate is placed in both sterile micro-
biology and blood culture bottles.

Patient position
The child lies supine with the legs comfortably extended. Slight 
internal rotation of the hip is advantageous as it results in a more 
horizontal ultrasound appearance of the femoral neck, moves the 
femoral neurovascular bundle medially out of the path of the 
needle and prevents tightening of the joint capsule with subsequent 
posterior displacement of synovial fluid. The presence of a family 
member near the head of the bed often helps to calm the child.

Transducer position
Aspiration of the paediatric hip is one of the few ultrasound proce-
dures that is not carried out under real-time visualisation. The 
transducer is placed in a sagittal plane along the anterior aspect of 
the affected hip and positioned over the point of maximal anterior 
capsular distension. The transducer must be held vertically over the 
hip at an angle of 90° to the skin to ensure accurate localisation. The 
introduction of angles in determining the puncture point requires 
that the needle is at the same angle for aspiration, and replication 
of angles other than 90° is difficult.

Puncture point
With the transducer in the correct position, the point of maximal 
anterior capsular distension is marked for aspiration. Several tech-
niques can be used to indicate the puncture point and these are 
often best used in combination. The first method involves marking 
the midpoint of all four sides of the transducer. When the trans-
ducer is removed, the intersection of these opposite points identi-
fies the central puncture point. Another method is to place an 
extended paperclip beneath the transducer and move it until its 
acoustic shadow falls over the point of maximal capsular 

Aspiration of the paediatric hip

Introduction
A painful irritable hip is one of the commonest non-traumatic acute 
paediatric presentations in orthopaedic practice. Ultrasound is an 
important early diagnostic technique to detect a hip joint effusion 
and to guide aspiration to exclude sepsis. The commonest cause of 
the irritable hip is transient synovitis. Those who support a con-
servative approach to paediatric hip aspiration point to the vast 
majority of effusions being sterile and the potential risk of introduc-
ing infection at the time of aspiration. Ultrasound appearances 
cannot determine the cause of an effusion and clinical and labora-
tory parameters such as fever, peripheral white cell count and 
erythrocyte sedimentation rate (ESR) do not always reliably predict 
hip sepsis.9,10 This has led those in favour of routine aspiration to 
emphasise that a delayed diagnosis of septic arthritis can result in 
serious damage to the hip joint with rapid destruction of the femoral 
head, degenerative arthritis and permanent deformity. This group 
argue that aspiration is quick and has a very low complication rate 
with no reported cases of septic arthritis arising from diagnostic 
aspiration. It is suggested that the trauma of hip aspiration is little 
more than drawing blood and that direct evidence of septic arthritis 
from synovial fluid is better than indirect evidence from a white 
cell count or ESR. Aspiration reduces intra-articular pressure, 
which may produce immediate pain relief avoiding hospital admis-
sion and possibly reduces the risk of avascular necrosis.11,12

Equipment
Topical anaesthetic cream such as Emla cream (Astra Pharmaceuti-
cals, Kings Langley, UK) is applied to the skin in the region of the 
anterior skin crease of the affected hip as soon as the patient presents 
to hospital. The optimal time between the application of the cream 
and the examination depends on the anaesthetic preparation used 
but is between 20 and 90 minutes. A 21G green needle and 5 mL 

Figure 62.14 Alternative axial approach to adult hip. A: Axial T1-weighted MR arthrogram with fat saturation shows the direction of 
the needle with a puncture point lateral to the transducer. B: Ultrasound image with the transducer in an axial position over the femoral 
head shows the needle directed medially anterior to the femoral head to a point just lateral to the anterior labrum.
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joint fluid. There is correlation between the size of the effusion, 
pain, restriction of movement and intra-articular pressure.11 Aspira-
tion should thus be as complete as possible as this may result in 
more rapid resolution of symptoms and a shorter hospital stay.

Gluteal insertion injection

Introduction
Perigluteal bursitis is a common condition causing pain along the 
lateral aspect of the hip. Symptoms may be due to either subgluteal 
or trochanteric bursitis. The trochanteric bursa is the largest of the 
lateral hip bursae and lies posterior to the greater trochanter. Ultra-
sound features of bursitis are variable but often the bursa is not 
particularly distended with fluid and is more commonly seen as a 
thickened rind of tissue in comparison with the contralateral side. 
The subgluteus minimus and medius bursae lie more anterior and 
deep to the tendons of gluteus minimis and medius respectively.

Equipment
A 21G spinal needle and 40 mg triamcinolone mixed with a  
long-acting local anaesthetic are used. The bursa usually accepts at 
least 5 mL.

Patient position
The bursae are best approached with the patient lying in the lateral 
decubitus position with the affected side upwards.

Transducer position
The transducer is placed in a coronal or axial position so that the 
greater trochanter is visualised. The transducer remains in this posi-
tion if the subgluteal bursae are to be injected. The transducer is 
moved slightly posteriorly if the trochanteric bursa is to be injected.

Puncture point
The skin may be punctured either proximal or distal to the 
transducer.

Figure 62.15 Paediatric hip aspiration. Sagittal T2-weighted MR image (A) and comparative ultrasound image (B) show the vertical 
approach of the needle into the deepest portion of the effusion (E), which is surrounded by thickened synovium (S).
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Tips to aspirate paediatric hip

• Allow time for topical anaesthetic cream to take effect.
• Position with slight internal rotation of hip.
• Family member present to reassure and obscure needle.
• Mark point of maximal anterior capsular distension.
• Use combination of techniques to mark puncture point.
• Keep transducer 90° to skin.
• Only remove transducer when confident mark is vertically over 

deepest aspect of effusion
• ‘Blind’ approach.
• Aspirate dry.

distension. This can be used on its own or in conjunction with 
marking the midpoints on the narrow ends of the transducer. The 
intersection between the marker points and the position indicated 
by the paperclip gives the puncture point. Another useful method 
which provides confirmation of the marking technique is to apply 
a small amount of pressure with the transducer once the site of 
maximal capsular distension has been identified. If the transducer 
is then quickly removed, the blanched footplate of the transducer 
can be identified on the skin and a mark placed at its centre. Com-
bining these methods provides firmer reassurance of the correct 
puncture point. The accuracy of the puncture point is checked by 
replacing the transducer over the mark in both longitudinal and 
transverse orientations. The transducer should not be removed 
until the operator is fully confident that the marked puncture point 
lies directly over the deepest aspect of the joint effusion, which 
should result in a quick, successful aspiration with minimal trauma 
to the child.

Target point
Once the puncture point is determined, the transducer is removed 
and with a sterile technique, the joint is punctured with a vertical 
needle positioned at 90° to the skin (Fig. 62.15). At this point it is 
often helpful for a parent to hug the child, obscuring the view of 
the needle. The needle is advanced until the femoral neck is encoun-
tered and then withdrawn 1–2 mm before aspiration is attempted. 
Accurate needle placement is confirmed by successful aspiration of 
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Puncture point
The puncture point is lateral to the transducer and femoral vessels.

Target point
The needle is advanced medially into the iliopsoas bursa, deep to 
the tendon and posterior to the femoral artery (Fig. 62.17). In 
patients with iliopsoas tendon impingement following hip replace-
ment, the tendon may be situated in a more anterior and medial 
position. A small test injection of lidocaine may be helpful to 
confirm correct needle placement with echogenic microbubbles 
seen entering the bursa and subsequent bursal distension.

KNEE

Knee joint aspiration and synovial biopsy

Equipment
A 21G green or spinal needle depending on the depth of the joint 
and 40 mg triamcinolone mixed with a long-acting local anaesthetic 
are used for a therapeutic injection. The knee joint can hold a large 
amount of fluid but up to 8–10 mL is adequate for a therapeutic 
injection.

Patient position
Aspiration and injection of the knee joint is best achieved with the 
patient supine and the knee slightly flexed in a position of comfort.

Transducer position
The suprapatellar recess is the easiest point to access the distended 
knee joint and is best viewed with the transducer in a sagittal plane 
just lateral to the distal quadriceps tendon.

Target point
With a trochanteric bursal injection, the needle is directed into the 
bursa deep to the gluteus maximus insertion along the posterola-
teral aspect of the greater trochanter (Fig. 62.16). The subgluteal 
bursae are reached by advancing the needle deep to the tendons of 
gluteus minimus and medius along the anterolateral aspect of the 
greater trochanter. When the needle tip is correctly positioned, the 
injectate should be seen to flow freely within the bursa and no 
resistance should be encountered.

Iliopsoas bursal injection

Introduction
Injection into the iliopsoas bursa has been used to treat iliopsoas 
tendinopathy and bursitis. Iliopsoas bursal injection has benefited 
patients with impingement of the iliopsoas tendon on a prominent 
acetabular cup following a hip replacement13 and patients with a 
clinically suspected snapping iliopsoas tendon, even if the snapping 
tendon is not visualised at ultrasound.14 Pain relief after an iliopsoas 
bursal steroid and anaesthetic injection has correlated with a good 
outcome following surgical release of the iliopsoas tendon.14

Equipment
A 21G spinal needle and 40 mg triamcinolone mixed with a long-
acting local anaesthetic are used. The bursa usually accepts 5–8 mL.

Patient position
The patient is in the supine position with the hips extended.

Transducer position
The iliopsoas bursa is best identified lying lateral to the femoral 
vessels at the level of the acetabular brim and is distinguished from 
the vessels by using colour flow. The transducer is best placed in 
an axial position overlying the femoral artery.

Figure 62.16 Trochanteric bursal injection. Coronal STIR MR image (A) and comparative coronally orientated ultrasound image 
(B) show the needle (arrow) directed towards an inflamed bursa along the posterolateral aspect of the greater trochanter.

A B
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Figure 62.17 Iliopsoas bursal injection. A: Axial T2-weighted MR image shows a distended iliopsoas bursa lateral to the femoral 
vessels and the direction of the needle into the bursa. B: Corresponding axial ultrasound image indicating the medial approach of the 
needle into the bursa (indicated by callipers), which may be distinguished from the femoral vessels (FV) by using colour flow.

A B

Puncture point
A puncture point proximal to the transducer allows cannulation of 
the superolateral aspect of the suprapatellar bursa.

Target point
The needle is directed distally into the bursa. Aspiration of large 
effusions is straightforward. The area between the patella and the 
distal femur is an excellent target point for small effusions. As in 
the hip, synovial biopsy is better than simple joint fluid aspiration 
in diagnosing the microbiological content of the septic joint replace-
ment (Fig. 62.18). In view of the relative thinness of the synovium, 
biopsy is best achieved by inserting the needle parallel to the area 
of synovium to be biopsied. A slight vibration of the needle allows 
the specimen to embed in the biopsy port prior to closure.

Other intra-articular lesions of the knee amenable to aspiration 
and injection include cysts and ganglia. Hoffa’s ganglia are more 
easily aspirated from an anterior approach with the transducer 
orientated in the axial plane overlying the patellar tendon. The 
needle is inserted adjacent to the patellar tendon from either a 
medial or lateral approach depending on the position of the gan-
glion (Fig. 62.19). Cruciate ganglia are more difficult to aspirate. A 
posterior approach is required either medial or lateral to the pop-
liteal vessels and posterior tibial nerve. Visualisation is often limited 
by their depth and it is difficult to be certain that the ganglion has 
been aspirated completely. As with ganglia in other locations, aspi-
ration may be difficult in view of their thick gelatinous content, and 
recurrence following aspiration is not unusual. The outcome fol-
lowing cruciate ganglion aspiration-injection is variable but relief 
of pain and mechanical symptoms is well described.15

Impingement of the lateral infrapatellar fat pad is well identified 
using MRI as focal high T2-weighted signal between the patellar 
tendon and lateral femoral condyle. Corresponding ultrasound 
abnormalities include hypoechogenicity and increased vascularity 

Figure 62.18 Knee joint biopsy. Longitudinal ultrasound image 
with transducer over the suprapatellar recess shows an open 
biopsy needle (arrows) within an area of synovitis (arrowheads).

with Doppler imaging. The authors have performed ultrasound-
guided steroid injection of the fat pad in a limited number of 
patients with impingement with initial promising results. Inhibiting 
the inflammatory process may reduce the volume of tissue and thus 
relieve the impingement.

Extra-articular interventional procedures around the knee joint 
include peripatellar tendon injection for patellar tendinopathy. A 
combination of steroid and long-acting local anaesthetic can be 
injected around the inflamed patellar tendon under ultrasound 
guidance and is best visualised with the transducer in an axial 
position.



Foot and ankle

1187

FOOT AND ANKLE

Tibiotalar joint injection

Equipment
A 21G needle and 40 mg triamcinolone mixed with a long-acting 
local anaesthetic totalling about 5 mL are used for a therapeutic 
injection.

Patient position
The patient lies prone with the foot slightly plantar flexed to access 
the anterior aspect of the joint.

Transducer position
An anterior sagittal approach provides a good view of the anterior 
tibiotalar joint. The transducer is positioned either medial or lateral 
to the dorsalis pedis artery and adjacent deep peroneal nerve.

Puncture point
A puncture point distal to the transducer allows the needle to be 
directed into the anterior tibiotalar joint beneath the anterior rim of 
the distal tibia.

Target point
The needle tip is usually clearly visualised within the joint space 
and the injected material seen to flow away from the needle. This 
anterior approach can also be used to aspirate fluid from the joint 
in the presence of an effusion.

Proximal tibiofibular joint aspiration  
and injection

Equipment
A 21G green needle and 40 mg triamcinolone mixed with a long-
acting local anaesthetic are used for a therapeutic injection. The joint 
accepts about 2–3 mL.

Patient position
Access to the proximal tibiofibular joint is best achieved with the 
patient in a lateral decubitus position with the affected knee 
upwards.

Transducer position
The transducer is best positioned in an axial orientation along the 
posterolateral aspect of the proximal calf. The axial image depicts 
the superolateral aspect of the proximal tibiofibular joint as a trian-
gular space between the echogenic bony surfaces of the tibia and 
adjacent fibula.

Puncture point
The puncture point is proximal to the transducer.

Target point
The needle is directed distally into the triangular space representing 
the superior aspect of the joint between the proximal tibia and 
fibula.

Figure 62.19 Hoffa’s ganglion aspiration. Axial T2-weighted MR image with fat saturation (A) and corresponding axial ultrasound image 
(B) show the needle (arrow) inserted adjacent to the patellar tendon into a Hoffa’s ganglion (arrowheads) prior to aspiration and injection.

A B



CHAPTER 62 • Interventional musculoskeletal ultrasound

1188

volumes of either normal saline or local anaesthetic into the para-
tenon to disrupt adhesions that may have formed between the 
paratenon and the tendon and to reduce blood flow in neovessels.16 
A small volume paratenon injection may be combined with dry 
needling of the Achilles tendon to cause fibrillar disruption and 
internal bleeding to initiate a healing response (Fig. 62.21). Ultra-
sound and colour Doppler have been used to guide sclerosing 
polidocanol injections of neovessels just outside the ventral  
aspect of the Achilles tendon in patients with chronic painful mid-
portion Achilles tendinosis. Initial results appear promising, with 
significantly reduced tendon pain during activity and resolution of 
neovascularisation on follow-up imaging.17,18 Correlation of neovas-
cularity with painful Achilles tendinosis in these studies suggests 
that neovascularisation may be a potential source of pain in chronic 
mid-portion Achilles tendinosis.19

Equipment
A 21G green needle is suggested. For large volume injection into 
the Achilles paratenon, 10 mL of a long-acting local anaesthetic and 
up to 40 mL of injectable normal saline have been used.16 The inclu-
sion of a corticosteroid is thought to increase the risk of tendon 
rupture.

Hindfoot injections: Achilles bursa injection

Equipment
A 21G green needle and 30 mg methylprednisolone mixed with a 
long-acting local anaesthetic are used. The bursa easily accepts 
5 mL but 2–3 mL is usually sufficient.

Patient position
The patient is positioned prone with the feet extended over the end 
of the examination couch as per the Achilles tendon examination.

Transducer position
The ultrasound transducer is positioned in the axial plane directly 
over the distal Achilles tendon.

Puncture point
The Achilles bursa is best approached with a puncture point lateral 
to the transducer. For a pre-Achilles bursal injection, the puncture 
point must be sufficiently anterior to the Achilles tendon to prevent 
penetrating it with the needle.

Target point
Advancing the needle parallel to the axially orientated transducer 
provides an excellent view of the needle approaching from the 
lateral side. The needle should remain anterior to the Achilles 
tendon and relatively close to the superior margin of the calcaneum 
to reach the pre-Achilles bursa, particularly if the degree of bursal 
distension is mild (Fig. 62.20). Preliminary injection of a small quan-
tity of local anaesthetic may be helpful to distend a small bursa and 
confirm intrabursal positioning.

Peri-Achilles tendon injection

Introduction
Injection around the Achilles tendon for tendinopathy and para-
tendinitis is controversial. Some authors advocate the use of large 

Figure 62.20 Pre-Achilles bursal injection. A: The patient is prone with feet extended over the end of the examination couch. The 
transducer is axially orientated with a lateral puncture point. B: Transverse ultrasound image shows the needle (arrow) entering the 
pre-Achilles bursa (between arrowheads) anterior to the Achilles tendon (AT).

A B

Figure 62.21 Achilles dry needling. Longitudinal ultrasound 
image shows the needle (arrow) within the Achilles tendon (between 
arrowheads) during dry needling.
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Patient position
The patient is positioned prone with the feet extended over the end 
of the examination couch as per the Achilles tendon examination.

Transducer position
A sagittally orientated transducer is best.

Puncture point
The puncture point is usually proximal to the transducer.

Target point
For injection into the Achilles paratenon, the needle is advanced 
onto the dorsal aspect of the tendon sheath. Axial imaging is useful 
to confirm correct needle placement and ensure that the tendon 
itself has not been penetrated (Fig. 62.22). Large volumes are 
injected into the paratenon until Doppler imaging confirms a sig-
nificant reduction in blood flow in the neovessels along the ventral 
portion of the tendon.

Plantar fascia injection

Equipment
A 21G green needle and 40 mg methylprednisolone mixed with 
approximately 5 mL of a long-acting local anaesthetic are used.

Patient position
Injection of the plantar fascia is usually carried out with the patient 
lying prone and feet extended over the end of the examination 
couch.

Transducer position
The transducer is initially placed in a sagittal position over the 
abnormal fascia. Depending on technique, the injection is then 
carried out either with the transducer remaining in the sagittal 
plane or after rotating it through 90° to show the plantar fascia in 
axial section.

Figure 62.22 Achilles paratenon injection. Transverse 
ultrasound image confirms correct needle placement (arrow) along 
the dorsal aspect of the tendon sheath and ensures the Achilles 
tendon (AT, demarcated by arrowheads) has not been penetrated.

Puncture point
Three injection techniques are possible. The standard sagittal 
approach is with a puncture point proximal to the transducer (Fig. 
62.23). The puncture point should be chosen so the needle can 
traverse the plantar fascia at its origin from the os calcis to inject 
along its deep surface. A second sagittal approach is to puncture 
distal to the transducer. This technique has the advantage of being 
easier to angle the needle between the fascia and the os calcis to 
inject the deep aspect of the fascia. The injection point is the midfoot 
rather than the heel and the procedure is potentially less painful as 
the skin in this region is thinner. The main disadvantage of this 
method is that manipulation of the needle and syringe is a little 
more awkward and the patient may need to be turned from the 
prone examining position into a supine position for the injection. A 
third technique, the authors’ preference, is to rotate the transducer 
into an axial plane prior to injection. A medial puncture point, 
ideally at the same level as the maximal site of plantar fasciitis, is 
used (Fig. 62.24). Although anatomical localisation is initially less 
familiar, this approach allows easy access to both superficial and 
deep surfaces of the fascia and is said to be less painful.

Target point
The authors prefer to inject both superficial and deep to the plantar 
fascia so the puncture point and angle of approach should be 
chosen to allow for this. The superficial surface is infiltrated first 
before manipulating the needle to the deep surface where the injec-
tion is augmented. Dry needling of the fascia may be performed.

Forefoot injections: Morton’s  
neuroma injection

Introduction
The rationale of injecting corticosteroid in the treatment of Morton’s 
neuroma is based on the theory that there is compression and  
subsequent irritation of the common interdigital nerve against the 
overlying transverse intermetatarsal ligament which is caused by 
chronic repetitive low-grade trauma during walking. This is 
believed to trigger degenerative changes and an increase in the 
volume and size of the tissue in the intermetatarsal space, forming 
a visible neural nodule on imaging. Corticosteroid injection is 
thought to induce atrophy of the neuroma and perineural web 
space tissue and thus decrease compression and inflammation of 
the neuroma.20 Alcohol ablation using ethyl alcohol diluted in local 
anaesthetic is another treatment option in Morton’s neuromas. 
Ethanol injected around a nerve produces chemical neurolysis 
through dehydration and necrosis.21 Alcohol injections are given on 
three or four occasions 2 weeks apart.

Tips to inject plantar fascia

• Patient prone with feet extended over couch or supine with feet 
on couch.

• Three injection techniques.
• Medial and midfoot puncture points less painful.
• Select approach angle so needle can reach deep and superficial 

to fascia.
• Inject superficial and deep to the fascia.
• Dry needling may be performed.
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through thinner skin and may be less painful but visualisation of 
the needle may not be as good as the needle tip is more perpendicu-
lar rather than parallel to the ultrasound probe. The second and 
third toes may also lie close together and even overlap in some 
patients, making the dorsal approach more difficult.

Target point
Once the needle has been inserted at the puncture point, it is usually 
seen to lie close to the neuroma when the transducer is placed in 
the sagittal position. It is then straightforward to advance the needle 
into the neuroma and inject the anti-inflammatory cocktail. Rotat-
ing the transducer into the axial plane to show the needle in the 
interspace prior to injection is a helpful confirmatory procedure. 
Fluid can be visualised swirling within the lesion, probably in the 
intermetatarsal bursa, during the injection.

FOREIGN BODY LOCALISATION

Foreign bodies are readily seen with high-resolution ultrasound 
even if they are quite small. Most superficial foreign bodies are 
easily located close to the skin puncture point. Unless there is a 
fibrous reaction around the foreign lesion, ultrasound localisation 
can be followed by removal either by aspiration through a 

Equipment
A 21G green needle and 40 mg methylprednisolone mixed with 
1 mL of a long-acting local anaesthetic are used.

Patient position
The patient is positioned supine on the examination couch.

Transducer position
The transducer is placed in the sagittal plane along the plantar 
surface of the foot with the neuroma visible within the metatarsal 
interspace. There is often direct correlation between the visualised 
sonographic lesion and the patient’s site of pain.

Puncture point
The puncture point may be on the plantar or dorsal surface of the 
forefoot. To approach from the plantar surface, the puncture site is 
at the centre of the distal end of the transducer between the toes of 
the involved interspace. To approach from the dorsal surface of the 
forefoot, it is useful to apply pressure between the toes with the 
blunt end of a needle to confirm the optimal puncture point over 
the neuroma and mark the skin (Fig. 62.25). The dorsal route is 

Figure 62.23 Standard sagittal approach to plantar fascia. A: The patient is prone, with the transducer in a sagittal position and 
proximal puncture point. B: Sagittal STIR MR image shows the direction of the needle to inject the superficial surface of the fascia (black 
line) before manipulating the needle to the deep surface (white line) where the injection is augmented. C: Corresponding longitudinal 
ultrasound image shows the needle (arrow) superficial to the plantar fascia (PF) during injection.
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vascular portions may be avoided to prevent excessive 
haemorrhage.

Biopsy of bone tumours is traditionally performed under CT or 
fluoroscopic guidance. Ultrasound may be used to guide biopsy of 
lesions that are subperiosteal or cortical in location or destroy the 
bone cortex. Ultrasound accurately demonstrates the cortical 

wide-bore needle or by a limited skin incision. With deeply located 
or fibrosed foreign bodies, the skin overlying the foreign material 
can be marked to guide surgical removal.

MASSES

Biopsy of solid soft tissue masses and 
bone lesions

Prior to biopsy of potentially malignant soft tissue tumours, ade-
quate local staging with MRI must be performed and the biopsy, 
including the proposed biopsy approach, should be discussed with 
the relevant tumour surgeon. The biopsy tract must be in a position 
that can be excised during subsequent surgical resection of the 
lesion to prevent needle track recurrence and should not cross an 
uninvolved compartment as this would adversely alter the staging 
and potentially the prognosis of a malignant tumour. Ultrasound-
guided biopsy ensures that tissue is taken from solid components 
of the lesion and not from liquid or necrotic areas, which have a 
lower diagnostic yield (Fig. 62.26). The vascular nature of lesions 
becomes readily apparent using Doppler imaging and highly 

Figure 62.24 Axial approach to plantar fascia. A: The patient is prone, with the transducer in a transverse position and medial 
puncture point. B: Axial STIR MR image shows the needle approach to the superficial (black line) and deep (white line) surfaces of the 
fascia. C: Transverse ultrasound image shows the needle (arrow) superficial to the plantar fascia (PF, between arrowheads) during injection. 
D: Corresponding sagittal ultrasound image confirms the needle (arrow) in cross-section superficial to the plantar fascia.
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Tips to biopsy soft tissue masses

• Stage with MRI and discuss approach with operating surgeon 
first.

• Distinguish cystic from solid lesions.
• Ensure biopsy tract will be excised during surgical resection.
• Identify tissue planes to avoid compartment cross-contamination.
• Avoid necrotic, vascular, fibrosed or other atypical areas within 

tumour.
• Avoid biopsy in aneurysms, plantar fibroma, foreign body 

granuloma.
• Review if needle biopsy is appropriate in neural tumours, fatty 

tumours, fibromatosis, haemangioma.
• Identify cortical breach to allow transcortical biopsy.
• Adequate local anaesthesia for neural lesions and periosteal bone 

biopsies.
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Figure 62.25 Morton’s neuroma injection. A: The patient is supine, with the transducer in a sagittal plane along the plantar surface of 
the foot. This image illustrates a puncture point on the dorsal surface of the forefoot. B: Longitudinal ultrasound image shows the needle 
(arrow) advanced into a neuroma (between arrowheads) prior to injection.
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Figure 62.26 Soft tissue tumour biopsy. Ultrasound is valuable 
in guiding the biopsy needle (arrows) into more solid tumour 
components (demarcated by arrowheads) for a better diagnostic 
yield and to ensure the biopsy tract does not cross limb 
compartments.

Figure 62.27 Cortical bone tumour biopsy. Ultrasound identifies 
a cortical defect as a breach in the echogenic bone surface (arrow) 
to allow transcortical biopsy. Biopsy of an associated soft tissue 
component (arrowheads) can be performed at the same time.

breach, which can sometimes be difficult to clearly visualise at 
fluoroscopy (Fig. 62.27). Generous infiltration of local anaesthetic 
around the periosteum is required because of the hypersensitivity 
of the periosteal envelope. Biopsy of an associated soft tissue com-
ponent can be performed at the same time.

Aspiration of cystic lesions

Ganglia and simple cystic lesions may be aspirated to relieve swell-
ing and pain. Colour Doppler should always be performed prior to 
aspiration to ensure the lesion is not a vascular structure such as a 

pseudo-aneurysm. A large-calibre needle, e.g. 17–19G, is used for 
aspiration of ganglia as the contents tend to be viscous. Injection of 
up to 40 mg of corticosteroid into a ganglion following decompres-
sion has been associated with symptomatic relief and complete 
resolution or reduction in size of the ganglion.22 Injection into the 
residual ganglion is confirmed by visualising echogenic material 
exiting from the needle tip into the ganglion. The injection is usually 
continued until the previously anechoic ganglion is uniformly echo-
genic in an attempt to maximise the symptomatic response while 
minimising extravasation and thus local cutaneous side effects.22

Aspiration of abscesses is indicated to obtain fluid for microbio-
logical analysis and possibly for cytological examination (Fig. 
62.28). Tissue around the abscess is hypersensitive and ample local 
anaesthesia should precede the aspiration.

Liquefied haematomas are aspirated for pain relief, compartment 
syndrome and probable infection. Uncomplicated haematomas 
should not be aspirated due to the risk of infection, and drainage 
catheters placed for prolonged use are contraindicated as the risk 
of infection is too high.

Large collections may be aspirated using a freehand technique 
without the transducer. The distance from the skin to the centre of 
the lesion can initially be measured. The puncture point is then 
marked by placing the transducer in the longitudinal axis over the 
greatest length of the lesion and marking the centre of the narrow 
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ends of the transducer. The transducer is then rotated 90° to find 
the maximum width of the lesion and again marking the centre of 
the narrow ends of the transducer. The transducer is removed and 
lines connected to mark the central puncture point. The needle is 
placed at the intersection of the coordinates at right angles to the 
skin and directed as deep as the centre of the mass prior to 
aspiration.

REFERENCES
1. Farin PU, Rasanen H, Jaroma H, Harju A. Rotator cuff calcifications: 

treatment with ultrasound guided percutaneous needle aspiration and 
lavage. Skeletal Radiol 1996;25:551–554.

2. Aina R, Cardinal E, Bureau NJ, et al. Calcific shoulder tendonitis: 
treatment with modified US-guided fine needle technique. Radiology 
2001;221:455–461.

3. Zwar RB, Read JW, Noakes JB. Sonographically guided glenohumeral 
joint injection. AJR Am J Roentgenol 2004;183:48–50.

4. Connel DA, Ali KE, Ahmad M, et al. Ultrasound guided autologous 
blood injection for tennis elbow. Skeletal Radiol 2006;35:371–377.

5. Miller JH, Beggs I. Detection of intraarticular bodies of the elbow with 
saline arthrosonography. Clin Radiol 2000;56:231–234.

6. Raza K, Lee CY, Pilling D, et al. Ultrasound guidance allows accurate 
needle placement and aspiration from small joints in patients with 
early inflammatory arthritis. Rheumatology 2003;42:976–979.

7. McGonagle D, Gibbon W, O’Connor P, et al. A preliminary study of 
ultrasound aspiration of bone erosions in early rheumatoid arthritis. 
Rheumatology 1999;38:329–331.

8. Van den Bekerom MP, Lamme B, Sermon A, Mulier M. What is the 
evidence for viscosupplementation in the treatment of patients with 

Figure 62.28 Abscess aspiration. Longitudinal ultrasound image 
shows the needle (arrow) within a superficial abscess to obtain fluid 
for microbiological analysis.
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INTRODUCTION

Ultrasound is used extensively in the investigation of arterial 
disease and circulation in the limbs. For over forty years the meas-
urement of arterial pressure at the ankle using continuous wave 
Doppler ultrasound and pressure cuffs has been shown to be effec-
tive in establishing the presence and severity of occlusive periph-
eral arterial disease in the legs. More recently, duplex ultrasound 
scanning has been used to identify specific sites of stenosis and 
occlusion prior to angioplasty or surgery. Ultrasound imaging is 
competitive and complementary to angiography, computed tomog-
raphy angiography (CTA) and magnetic resonance angiography 
(MRA) for many arterial investigations, even when the circulation 
is seriously compromised.

For superficial arteries, duplex ultrasound provides a combina-
tion of detailed imaging of anatomy and morphology with an 
understanding of the haemodynamic implications of stenoses, 
thrombosis, fistulae, aneurysms and pseudo-aneurysms. The ability 
to measure haemodynamic parameters is particularly important for 
the investigation of the circulation in the limbs. For these applica-
tions ultrasound has developed from being primarily an instrument 
of physiological measurement in the early days of continuous wave 
Doppler, to the present where imaging, colour flow imaging and 
measurement are combined to present a more complete picture of 
anatomy and function to the physician or surgeon.

PERIPHERAL ARTERIAL DISEASE –  
THE CLINICAL PROBLEM

The onset of symptomatic peripheral arterial disease (PAD) affect-
ing the leg arteries may be either a gradual or a sudden deteriora-
tion depending on whether it is the result of a slow build-up of 
plaque or an acute thrombotic event. This may be followed by a 
period of stability or even improvement due to a combination of 
collateral artery development, changing muscle metabolism and the 
training effects of exercise. However, the disease is progressive and 
deterioration may progress, leading ultimately to limb-threatening 
ischaemia. Whilst peripheral arterial disease is a significant cause 
of morbidity, it is concurrent disease of the circulations to the brain 
and heart that carries the highest mortality: 40–60% of patients will 
die of cardiac disease, 10–20% of cerebrovascular disease and 10% 
of other vascular causes, chiefly ruptured aortic aneurysm. Only 
30% of patients with asymptomatic disease will progress to inter-
mittent claudication, of whom 75% will stabilise. Of these claudi-
cants, only 5% proceed to reconstructive surgery or percutaneous 
transluminal angioplasty. About 5% will suffer critical ischaemia 
and 1% will require an amputation.1 Therefore the majority of 
patients with leg artery disease require no local treatment but are 
a high-risk group. Ultrasound techniques can readily identify sub-
clinical atherosclerosis and the measurement of ankle brachial pres-
sure index using continuous wave Doppler has been suggested as 
a screen to identify those at risk from cardiovascular disease.2
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calcification because of its radiological appearance, affects ultra-
sound diagnosis but has probably little clinical impact.

EQUIPMENT

Continuous wave ultrasound

Continuous wave Doppler ultrasound offers a relatively low-cost 
means of insonating the peripheral arteries for measuring pressure 
and to provide a quick assessment of vessel patency. Hand-held 
models are available with an audio output of Doppler frequencies. 
More sophisticated machines incorporate a spectral analyser and 
display, enabling the flow spectral waveform to be seen and ana-
lysed with measurements of major parameters (e.g. peak frequency, 
pulsatility index, resistance index) (Fig. 63.1).

Transducers are usually available in a range of frequencies and 
these are used as follows: 8–10 MHz for the distal limb arteries 
below the knee and elbow; 4–6 MHz for the proximal limb arteries; 
and 2–3 MHz for the aorta and iliac arteries, or the femoral arteries 
in obese patients.

Ultrasound scanners

Ultrasound scanners should have good sensitivity to blood flow in 
both spectral and colour Doppler modes. Linear arrays are usually 
used for the limbs from the subclavian to ulnar and radial arteries 
and the femoral to pedal arteries. Although the field of view is 
limited, the parallel alignment of the scan lines and the ability to  
steer the colour Doppler box make it easier to interpret colour  
velocity changes through stenoses. For the thigh, 3–8 MHz  

In intermittent claudication the arterial supply to the limb is 
adequate at rest but the increased metabolic demands of exercising 
muscle cannot be met due to the high resistance of the diseased 
arteries. In severe disease, ischaemia of the tissues occurs at rest and 
this may eventually lead to ulceration, gangrene and loss of the 
extremity.

By far the most common mechanism of arterial narrowing and 
occlusion is atherosclerosis and the associated complications and 
pathologies of thrombosis, embolisation and aneurysm formation. 
Atherosclerosis produces raised lesions in the wall of the artery, 
plaques, which reduce or obliterate the lumen. Disruption of the 
intima and ulceration results in platelet adhesion and the formation 
of thrombus which may occlude the vessel locally or embolise 
downstream to lodge at bifurcations of the artery or where the 
tapering of the artery prevents further passage. This thromboem-
bolic occlusion can lead to acute ischaemia and gangrene. Complex 
atherosclerotic plaque can also give rise to cholesterol emboli which 
typically lodge in small arteries producing patches of cutaneous 
ischaemia in the foot or toes.

Changes of peripheral arterial disease are found at all levels of 
the arterial tree but atheroma has an apparent predilection for 
certain sites, particularly at bifurcations and bends in the artery 
where haemodynamic shear stresses are low or flow separation 
occurs. In the lower limb the most common site is the superficial 
femoral artery at adductor canal level and the second most common 
is the aorto-iliac segment. Diabetic patients suffer with more distal 
disease in the tibial and peroneal arteries. Symptomatically, more 
proximal disease produces more proximal intermittent claudica-
tion. A more proximal occlusion often has greater clinical effect 
than a distal. There are limited collateral vessels available to bypass 
an iliac artery occlusion, whereas the profunda femoris and genicu-
late branches provide good collateral routes around a superficial 
femoral artery occlusion and cross branches between the three 
arteries in the lower half of the calf and foot are extensive. In multi-
segmental disease symptoms are worse due to the effect of stenoses 
and occlusions in series, although each successive stenosis has a 
lesser effect than the preceding one. Management of lower limb 
ischaemia is complicated; it must be decided in which segments 
disease is clinically (or haemodynamically) significant and whether 
stenoses proximal to, or disease distal to the reconstruction will 
reduce flow to such an extent that angioplasty or bypass grafts will 
fail. Consequently, much effort has been directed towards the 
assessment of the aorto-iliac segment in multisegmental disease 
and the evaluation of arterial outflow and peripheral resistance in 
distal reconstructions.

Other pathological conditions, some related to atherosclerosis, 
may affect arterial flow and distal perfusion. These include local 
thrombosis, embolisation and downstream occlusion. Aneurysmal 
dilatation is a serious clinical threat because of leak or rupture, or 
associated mural thrombus which may cause local occlusion or 
distal embolisation. Abdominal aortic aneurysms are often clini-
cally silent yet are readily diagnosed with B-mode ultrasound.  
Popliteal artery aneurysms are a common site of thrombus forma-
tion and sudden occlusion of the arterial supply at this level causes 
acute limb-threatening ischaemia.

The arteries supplying the limbs are low-resistance conduits 
between the heart and the tissues; in the absence of narrowing or 
occlusion, the pressure difference between heart and arterioles is 
small. When a certain degree of narrowing is reached pressure loss 
and flow reduction occur, which has clinical consequences. Invasive 
treatment therefore aims to improve or bypass the diseased segment 
of the artery. Reconstructive surgery is reserved for critical ischae-
mia and limb salvage, although it is also performed for disabling 
and worsening intermittent claudication. The use of less invasive 
percutaneous angioplasty and stenting techniques has reduced the 
threshold for intervention.

The diabetic patient, with a more distal distribution of disease 
and complicating factors of neuropathy and infection, poses special 
problems in diagnosis and management. Medial arterial wall calci-
fication, also known as Mönckeberg’s sclerosis or ‘pipe stem’ 

Figure 63.1 CW Doppler system. Continuous wave Doppler 
ultrasound device with a spectral display. Probes with frequencies 
of 2, 4, 8 and 16 MHz can be used.
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intermittent claudication and this level of index would contraindi-
cate venous compression bandaging in patients with leg ulcera-
tion.16 An index of 0.5 is associated with severe claudication and 
indices of 0.3 or less with ischaemic rest pain, ulceration and  
gangrene.17 A significant change in ABPI over time has been taken 
as 0.118 and 0.15.19

Calcification in the media of the artery wall is a source of error 
which results in the overestimation of ankle pressure.20 The artery 
wall is stiffened and so resists compression by the ankle occlusion 
cuff and, on cuff deflation, reopens at intraluminal pressures that 
are less than the cuff pressure. This complication may be obvious 
but the greater danger of misinterpretation of ABPI lies with 
patients in whom a partial increase in stiffness of the artery wall 
results in a seemingly realistic but in fact falsely raised reading. 
Methods have been suggested to overcome this deficiency21,22 but 
routine careful comparison of ABPI with pedal artery velocity 
waveform shape is prudent.

Stress testing is used in conjunction with ABPI measurements. It 
utilises the relationship between increased flow due to hyperaemia 
and corresponding increase in pressure loss across a stenosis to 
provide further information on the functional and haemodynamic 
consequences of peripheral vascular disease. Cuff-induced reactive 
hyperaemia,23 static ergometer exercise24 and, most commonly, 
treadmill testing5 are used. Standardised treadmill exercise proto-
cols have been suggested25 but methods vary. Patients may typi-
cally be exercised on the level or on a slope of up to 12% at speeds 
of 2–4 km/h for a duration of 1–5 minutes26 or until limited by 
symptoms. Disease not detected at rest can be unmasked and  
claudication distance assessed but the latter is poorly reproducible. 
The real value in stress testing is demonstration of a post-exercise 
pressure drop which confirms the presence of a physiologically 
significant lesion.

Velocity waveform analysis

The shape of the arterial velocity waveform is characteristic to indi-
vidual arteries and their circulations and to specific sites along the 
arteries (Fig. 63.2). As with ABPI, the velocity flow waveform shape 
is representative of physiological function and disease. It is often 
used to assess the severity of vascular disease proximal to the site 
of insonation but factors distal, local and proximal to the site of 
insonation affect its shape. Damping of the arterial waveform 
results from proximal disease (Fig. 63.3). An increase in velocity can 
be detected at the site of a stenosis and disturbed flow demon-
strated immediately distal to this.5 Proximal factors affecting the 
waveform include cardiac output and collateral vessels; distal 
factors include the impedance from downstream arteries and  
arterioles. Distal stenosis or increased peripheral microvascular 
resistance as a result of cold temperatures, drugs or spasm causes 
an increase in waveform pulsatility. Vasodilation occurs in the  
presence of increased ambient temperature, wound healing and 
infection, critical ischaemia and with reactive hyperaemia after 
exercise or temporary occlusion. A combination of these factors  
will usually affect the waveform at any particular site.

Changes in the arterial waveform can be assessed successfully by 
eye.27 Many of the features of the waveform such as systolic accel-
eration and reverse flow components are readily distinguished by 
the trained eye or ear. However, more objective and quantifiable 
methods are desirable. A variety of mathematical descriptions of 
the waveform have been employed, of which the most widely used 
in peripheral vascular disease is the pulsatility index (PI), which is 
non-dimensional and independent of the angle of insonation in 
relation to the direction of blood flow. Table 63.1 defines some of 
the measurements used in descriptions of the arterial waveform, 
which are illustrated in Figure 63.4.

Although the pulsatility index has been shown to reflect changes 
in the presence of a proximal stenosis,28 it also reflects changes in 
peripheral resistance.29,30 Pourcelot’s resistive index is another 
simple, commonly used, measure of pulsatility. It was designed for 

linear arrays are usually optimum. However, these may not have 
sufficient penetration in obese patients, in which case lower-
frequency curvilinear arrays are helpful. In distal vessels, flow veloc-
ities decrease, especially in the presence of disease, and 7–10 MHz 
linear arrays are advisable. In patients with diabetes or chronic renal 
failure, calcification and low flows may severely reduce the clarity 
of both B-mode and Doppler images, especially at depth.

For pelvic vessels, the orientation of the arteries in relation to the 
ultrasound beam leads to poor definition of the lumen in B-mode. 
Doppler sensitivity is of the utmost importance in displaying iliac 
artery flow. Curvilinear array transducers in the 1–4 MHz range 
usually provide adequate penetration while giving the sensitivity 
necessary for the range of velocities encountered. Curvilinear and 
phased array transducers are also useful when examining the proxi-
mal subclavian and innominate arteries where the clavicle restricts 
ultrasound access, although frequencies of 4–7 MHz are probably 
better suited to this application.

CONTINUOUS WAVE DOPPLER 
ULTRASOUND OF PERIPHERAL ARTERIAL 
OCCLUSIVE DISEASE

Blood flow measurement using continuous wave (CW) Doppler 
ultrasound was pioneered in vascular laboratories in the 1970s.3–5 
Simple CW Doppler ultrasound machines are now found through-
out hospitals in vascular laboratories, clinics and surgical wards. 
They are also used in the community, notably as a screen for periph-
eral vascular disease in the assessment of venous leg ulcers.6

Although less sophisticated than colour duplex scanners, CW 
Doppler ultrasound can provide valuable first-line diagnostic evi-
dence as to the presence, site and severity of disease. In the hierar-
chy of investigations for peripheral vascular disease, a CW Doppler 
ultrasound examination should be performed before more expen-
sive and time-consuming duplex scanning and more invasive  
arteriography. When used in conjunction with systolic pressure 
measurement and stress testing, these instruments provide physi-
ological information on the functional severity of the disease and, 
additionally, arterial velocity waveform analysis provides an indi-
cation as to the level of significant disease.

Ankle brachial pressure index (ABPI)

The use of continuous wave Doppler ultrasound to measure the 
ankle systolic pressure and compare it with the systolic pressure in 
the brachial artery was first described by Yao.7 The ankle brachial 
systolic pressure index is defined as ankle systolic pressure divided 
by the brachial systolic pressure. The use of a pressure index rather 
than the absolute pressure allows serial comparison of results from 
the same patient in the presence of changing systemic arterial pres-
sure, as well as comparisons between individuals. The technique is 
simple and robust but must be performed with correct technique.8

The brachial cuff is placed in the standard position9 and the distal 
edge of the ankle cuff is placed just above the ankle. Any suitable 
site distal to the occlusion cuff may be used as a site of insonation 
to detect reappearance of flow on cuff deflation. A cuff that is too 
wide will underestimate the blood pressure, whereas too narrow a 
cuff will overestimate the pressure.10 The patient should be lying 
supine with upper arm and ankles at the same level (approximately 
that of the heart). Blood pressure should be measured in both arms 
as significant differences between the arms has been shown in 
patients with arterial disease11,12 and with leg ulcers.13

An ABPI value of less than 1.0 is used to diagnose the presence 
of peripheral vascular disease. The more severe the disease and the 
more arterial segments involved, the lower the pressure index.7 
There is an overlap in pressure index between those with and 
without disease14 and lower decision thresholds have been applied.15 
Typically a pressure index of <0.8 is found in patients with mild 
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treatment and in trials; they are also used for monitoring disease in 
screening and epidemiological study.

DUPLEX ULTRASOUND OF PERIPHERAL 
ARTERIAL DISEASE

Duplex ultrasound is increasingly used to specify the level and 
severity of occlusive disease in legs, to monitor bypass grafts and 
to identify run-off arteries suitable for use in distal reconstructions. 
With its ability to determine and measure occlusions, it can be 
instrumental in planning angioplasty or surgery.32–35

In current clinical practice, duplex ultrasound complements and 
competes against contrast- and non-contrast-enhanced magnetic 
resonance angiography (MRA) and computed tomography angiog-
raphy (CTA). Intra-arterial contrast angiography was previously 
regarded as the gold reference standard against which other modal-
ities were compared but is performed much less frequently now as 

the cerebral circulation and to reflect distal resistance rather than 
proximal stenosis.31

The increased utility and popularity of duplex scanning with the 
use of velocity ratios to identify significant lesions has meant that 
simple visual examination of the waveform is used to screen for the 
presence of proximal disease. Visual waveform inspection at the 
common femoral artery is also useful when aorto-iliac scanning is 
precluded by poor quality images.27

Summary

In the investigation of leg artery disease, continuous wave ultra-
sound waveform analysis and ankle pressure measurement are 
relatively inexpensive, quick and simple to perform. They are non-
invasive and, unlike most imaging methodologies, are a measure-
ment of haemodynamic and physiological function that is 
proportional to the severity of the disease. Their role therefore is as 
a preliminary diagnostic tool prior to angiography and duplex scan-
ning. They are repeatable, so are well suited to follow up studies of 

Figure 63.2 Normal arterial waveforms. 
Normal arterial waveforms of common femoral, 
popliteal and posterior tibial arteries.
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makes it comparatively difficult to demonstrate anatomy convinc-
ingly to third parties.

Stenosis criteria

Because of the depth, orientation and presence of atherosclerotic 
disease in the arteries under investigation, B-mode images of the 
lumen are often insufficiently clear to obtain a measure of the 
degree of narrowing, especially in high-grade stenoses. This is par-
ticularly true in the iliac vessels, where the course of the arteries 
may not be at all apparent in the B-mode image. In these cases, 
vessel/beam angles provide conditions more suitable for a colour 
image of the artery (Fig. 63.5). The presence of a stenosis results in 
a compensatory increase in velocity though the stenosis lumen (Fig. 
63.6). Diagnosis of disease is made by measurements of the ratio of 
velocity in the stenosis to that in the more proximal lumen above 
the stenosis. The velocity change is depicted in the colour image by 
a change of hue, often with aliasing depending on the settings used 
(Figs 63.6, 63.7).

non-catheter techniques have improved. In a review of comparative 
studies,36 contrast-enhanced MRA was shown to have slightly 
better agreement with arterial contrast angiography than duplex 
ultrasound and CT angiography, although it was also concluded 
that duplex ultrasound is sensitive to the presence of disease and 
is unlikely to misclassify a limb as normal if disease is present. 
Arterial angiography also carries a low, but consistently reported, 
complication rate with a risk of injury to the artery (false aneurysm, 
dissection, embolisation) and contrast agent reactions. Local prac-
tice is dependent on the resources and expertise available and the 
implementation of local diagnostic pathways. Other factors, includ-
ing patient tolerance, radiation safety and the safety of contrast 
agents in patients with impaired renal function may also play a part 
in choosing which imaging to use.37

Duplex ultrasound has the advantage of combining anatomical 
and morphological information with a haemodynamic assessment 
of the lesions. Against this, the examination of the leg arteries is 
time-consuming, requiring 30–60 minutes for investigation of the 
major arteries from aorta to the lower tibial arteries. The examina-
tion requires considerable skill and training if accurate results are 
to be produced. In addition, the small field of view of linear arrays 

Figure 63.3 The arterial waveform with an 
occlusion. Common femoral and popliteal 
artery waveform with a long occlusion of  
the superficial femoral artery as shown 
diagrammatically. The popliteal artery 
waveform shows severely damped flow 
resulting from a low pressure pulse inflow and 
distal vasodilatation.
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The most common threshold used to describe a haemodynami-
cally significant stenosis is a 50% reduction in diameter. PSV ratios 
for this degree of stenosis have been reported from 1.8 to 2.5 in  
a range of studies for aorto-iliac and femoropopliteal disease, 
although a ratio of 2.0 is most commonly reported and used.32,33,39,40 
The range reflects differences of interpretation in ultrasound and 
arteriography measurements and illustrates the problem inherent 
in defining a stenosis by its diameter. A study to examine progres-
sion of femoral artery disease41 observed that stenoses with velocity 
ratios >3.0 had a high incidence of early occlusion and that at this 
level early intervention is advised. A 50% reduction in diameter 
produces a 75% reduction in area if the stenosis is concentric and 
50% reduction in area if the stenosis is semicircular. Mean and peak 
flow through the two profiles will be markedly different. In prac-
tice, stenoses are rarely concentric or semicircular and their irregu-
lar shape further compounds technical limitations and errors in 
converting the velocity increase to stenosis diameter.

For accurate quantification of the stenosis, the peak systolic veloc-
ity is measured in the artery above the stenosis, where there is no 
or minimal disease and at the point of maximum velocity increase 
(Fig. 63.7). Angle correction should be made in line with the direc-
tion of the artery. In practice this may under- or overestimate the 
PSV in the stenosis jet in cases of asymmetric plaque but it may be 
difficult to identify the direction of the true velocity vector and a 
systematic method within a department will lead to less operator-
dependent variation. Attempts have been made to quantify pres-
sure loss from measured velocities using a modified Bernoulli 
equation with limited success.42,43

The use of velocity ratios in multiple stenoses is somewhat con-
troversial. While some reports have suggested that velocity ratios 
produce lower accuracy in the presence of severe adjacent 
disease,44,45 others suggest that criteria are unaffected.35 In 
practice, assessment of a lower limb with serial stenosis in the  
arteries will depend on the clinical situation as well as the  
Doppler findings.

Figure 63.4 Waveform parameters. Flow waveform of a 
common femoral artery. Several parameters are measured from the 
automatic trace of the flow outline. PSV, peak systolic velocity; 
EDV, end-diastolic velocity; MDV, minimum diastolic velocity;  
RI, resistance index; PI, pulsatility index; TAPV, time-averaged peak 
velocity, also referred to as time-averaged maximum velocity and 
also time-averaged mean maximum velocity; TAMV, time-averaged 
mean velocity (weighted mean of the sonogram).

Table 63.1 Measurements used in descriptions of the 
arterial waveform (from Allan, Dubbins, Pozniak and 
McDicken: Clinical Doppler Ultrasound, Churchill 
Livingstone, 2006)
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In a stenosis, the change in mean velocity rises in proportion to 
the decrease in cross-sectional area. Unfortunately, mean velocity 
is difficult to measure accurately, particularly in the stenosis jet. The 
change in peak systolic velocity (PSV) (Fig. 63.7) through a narrow-
ing is more complex and depends on the flow profile proximal to 
and within the stenosis. The PSV is more easily measured, however, 
and is less susceptible to other variables (such as distal impedance) 
than other measurements of velocity. In a comparison of PSV and 
angiographic measurements of peripheral artery stenosis severity,38 
the PSV ratios showed a better correlation with percentage stenosis 
than absolute velocities, which were affected by other physiological 
variables. Most studies have used a velocity ratio for stenosis 
quantification.
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Ultrasound in the diagnosis of peripheral arterial disease

ABPI test value

Claudication symptoms
Exercise test
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Toe pressures index,
Flow waveforms

No peripheral
arterial disease

Peripheral arterial
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contemplated

Abnormal Normal
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0.91 – 1.3
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Figure 63.5 B-mode (A) and colour Doppler (B) images of an external iliac artery. Curvature in the artery causes a wide range of 
beam/vessel angles when insonated with a curvilinear transducer. The distal artery is not seen clearly on the B-mode image (E); the 
orientation of the vessel at this point leads to a clear colour flow image.

A B
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Figure 63.6 External iliac stenosis. The colour Doppler image (A) shows aliasing and a loss of colour flow filling. Spectral Doppler (B) 
shows very high velocities with aliasing and peak velocities of approximately 5 m/s. The depth and high velocities prevent unambiguous 
display of the spectral image without aliasing.

A B

Figure 63.7 Images of a superficial femoral artery stenosis. The colour flow image 
(A) shows an area of aliasing in the artery associated with high Doppler shifts. Note the 
high colour flow scale of 1.1 m/s mean velocity. The sonogram (B) shows the flow 
waveform in the pre-stenosis artery and at the stenosis. There is a greater than threefold 
velocity increase with peak velocity >3 m/s. Angiography shows a tight stenosis (C).

A B

C
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Scanning technique

Since quantification of stenoses is based on velocities and velocity 
increases, scanning of the arteries is undertaken longitudinally. In 
the aorto-iliac segment, fasting is recommended to reduce the  
difficulties caused by gas. The aorta and proximal iliac vessels are 
usually scanned with a curvilinear or phased array transducer. 
From the external iliac to mid-calf vessels, linear arrays are most 
commonly used, although high-frequency curvilinear arrays 
produce a greater field of view.

Atherosclerotic changes produce inconsistent effects in the 
B-mode image. Because of this, the colour image is used extensively 
to identify the location of the artery, voids in the flow signal indicat-
ing occlusion (Figs 63.8, 63.9, 63.10) and regions of increased veloc-
ity (Figs 63.6. 63.7, 63.11) suggesting narrowing of the lumen. Areas 
of concern can then be tested using spectral Doppler. For linear 
arrays, beam steering can enhance the Doppler image in both colour 

Figure 63.8 Superficial femoral artery occlusion. Power 
Doppler image showing a short occlusion of a superficial femoral 
artery. A collateral artery supplying the distal femoral artery is 
evident.

Figure 63.9 Common femoral artery stenosis. A tight stenosis 
in a common femoral artery. The power Doppler image shows a 
small patent lumen with a severe (>90%) stenosis.

Figure 63.10 Popliteal artery occlusion. Colour flow image 
showing a popliteal artery occlusion with two large collateral arteries 
arising proximal to the occlusion (A).

Figure 63.11 Tibial artery stenosis. Colour flow aliasing indicates high peak velocities, measured as 2.4 m/s on spectral Doppler (A). 
Downstream (B) the course of the artery is visible on B-mode although there is no colour filling. Spectral Doppler shown on the same 
scale as (A) indicates the reduction in velocity post-stenosis.

A B
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The patient is then asked to move into a decubitus position so 
that the medial aspect of the thigh and knee being examined are 
uppermost and the adductor canal and popliteal regions can be 
examined. The artery may be difficult to follow through the adduc-
tor canal but it is important to ensure that it is visualised in its 
entirety in this region as there is a risk that short segment stenoses 
or occlusions may be missed. In difficult cases the superficial 
femoral artery can be tracked down the thigh as far as possible and 
the skin marked to identify this point. The popliteal artery is then 
followed superiorly to the point marked on the skin. If concern 
persists about disease in this segment, spectral Doppler waveforms 
from the lower superficial femoral artery and upper popliteal artery 
segments should be obtained to ensure that there are no changes 
that might suggest significant intervening disease.

In a meta-analysis of duplex ultrasound studies46 that used veloc-
ity ratios to investigate occlusions and stenoses >50% diameter, 
there was technical success of over 90% for the aorto-iliac segment. 
The pooled sensitivity and specificity for occlusion were 94% and 
99% and for stenoses greater than 50% diameter, 80% and 95%, 
respectively.

In the same meta-analysis, results for the femoropopliteal seg-
ments were similar. The pooled sensitivity and specificity for occlu-
sion were 90% and 97% and for stenoses greater than 50% diameter, 
82% and 96%, respectively. When compared with angiography, 
ultrasound has been shown sometimes slightly to underestimate 
the length of occlusions, a finding attributed to poor contrast filling 
adjacent to the occlusion limits on the arteriogram.47

Below-knee segments

The popliteal artery is followed to its bifurcation and the origin of 
the anterior tibial artery and then on to the bifurcation of the tibi-
operoneal trunk. This segment is another site of predilection of 
disease and careful assessment is required. The posterior tibial and 
peroneal arteries are best examined from a medial approach; the 
peroneal artery lies deep to the posterior tibial artery with this 
approach. The anterior tibial artery is examined from an anterola-
teral approach as it lies on the interosseous membrane between the 
tibia and fibula. The peroneal artery may also be seen from this 
approach. In cases where the calf arteries are difficult to visualise, 
using power Doppler, or scanning transversely and using the com-
panion veins to identify their location may be of help. This latter 

and spectral modes, although attenuation is least when the Doppler 
beam is unsteered.

The degree of stenosis is obtained by measuring peak systolic 
velocity from the spectral Doppler sonogram. As usual when using 
spectral Doppler ultrasound to calculate velocities, care should be 
taken when using beam/flow angles greater than 60°, although the 
use of velocity ratios means that errors are usually acceptable at 
angles up to 70°. When determining occlusion, low pulse repetition 
frequencies and power Doppler should be used to check for low 
volume, low velocity flow in any residual lumen in the vessel.

Flow waveforms in healthy arteries exhibit pulsatile flow with 
reverse flow in late systole – triphasic or biphasic flow (Fig. 63.2). 
Changes in flow waveform shape can be an indication of proximal 
disease (Fig. 63.12) or distal occlusion (Fig. 63.13). Although 
attempts have been made to use measurement of subtle changes  
to indicate proximal disease, these have not become established  
in clinical practice. However, experienced sonographers use  
visual changes in the waveforms and abnormally low or high veloc-
ities as indications of abnormal circulation warranting further 
investigation.

Aorto-iliac and femoropopliteal segments

The examination normally begins with the identification and assess-
ment of the common femoral artery at the groin. Even if colour 
Doppler appears unremarkable, a spectral Doppler trace should be 
made, as changes may be demonstrated indicating proximal disease, 
necessitating careful direct assessment of the iliac arteries. This is 
best carried out by following the external iliac artery superiorly, 
identifying the origin of the internal iliac artery, then following the 
common iliac artery up to its origin from the aorta. If the vessels 
cannot be followed in continuity up from the groin, then starting at 
the bifurcation and moving inferiorly is of value.

The common femoral artery is then followed distally to its bifur-
cation where the origin of the profunda femoris artery is assessed, 
together with the upper 5–6 cm of the vessel. The superficial femoral 
artery is examined using colour Doppler from its origin down  
to the adductor canal, with spectral Doppler assessments being 
obtained from any areas of concern demonstrated on colour 
Doppler. In patients with severe disease, collateral vessels may  
be seen connecting with the main artery, or within the tissues of  
the thigh.

Figure 63.12 Monophasic flow waveform in a common 
femoral artery. The loss of the reverse flow component and 
forward flow throughout diastole are indicative of proximal disease.

Figure 63.13 Abnormal superficial femoral artery flow 
waveform. The low velocities, absent diastolic flow and short initial 
peak are indicative of severe distal disease, in this case an 
occlusion of the femoral artery at mid-thigh level.
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agreement between the two modalities was similar to agreement 
between radiologists reporting on angiograms. For these arteries, 
colour flow is particularly useful for identifying the course of 
vessels and the presence of collateral flow.

Ultrasound has been shown to be effective in evaluating run-off 
vessels suitable for femorodistal reconstructions.50 For these preop-
erative examinations, flow and velocities are often very low indeed. 
High-frequency transducers are required using low colour and 
spectral pulse repetition settings.

Reporting

Ultrasound images are constrained by the transducer width and 
field of view. This presents difficulties in presenting findings to 
referring clinicians. It is common to present ultrasound findings on 
a diagram of the leg, highlighting the presence and size of occlu-
sions and aneurysms, the site and severity of stenoses and major 
collateral pathways identified at the scan. An example is shown in 
Figure 63.16.

PERIPHERAL ARTERY BYPASS GRAFTS

Ultrasound is used extensively to monitor bypass grafts, permitting 
early intervention to prolong graft life and to enhance limb salvage 
rates. Grafts (both autologous vein and synthetic) can fail for a 
variety of reasons (Table 63.2).

In general, bypass grafts terminating at or above femoral artery 
level have a higher patency rate than those terminating at the 
infrainguinal level. These proximal grafts tend to make more use of 
artificial materials and tend to fail as a result of thrombosis. Ultra-
sound is used to assess grafts to determine patency, identify any 
stenosis (particularly in the proximity of the anastomoses), throm-
bosis, technical errors, mismatches in lumen size and abnormal 
haemodynamics (disturbed flow, regions of low velocity).

The most effective application of ultrasound in bypass grafts has 
been for infrainguinal vein grafts. Here the comparatively high 
failure rate, clinical implications of graft failure and the gradual 
onset of failure from hyperplasia-induced stenoses may justify the 
investment required for an intensive programme of surveillance.

Preoperative vein scanning for  
arterial reconstruction

In addition to the examination of proximal and run-off arteries in 
relation to an occluded segment, ultrasound is also used to identify 
veins suitable for use in surgery. The most commonly used vein is 

approach is facilitated if the patient can sit on the edge of the couch 
with their leg dependent.

The calf arteries are followed down to the ankle. The pedal  
arteries are examined if clinically indicated, usually if the dorsalis 
pedis artery is being considered for a distal graft insertion, or there 
are particular questions about the arterial circulation in the foot 
(Fig. 63.14).

For infrapopliteal examinations, patency of the distal anterior 
tibial, posterior tibial and peroneal arteries is identified. Arteries are 
described in terms of diameter, patent length with evidence of 
stenoses, waveform shape and evidence of communication with the 
pedal arch.

There have been fewer studies reporting on ultrasound scanning 
of infrapopliteal arteries. In comparison with scanning the proximal 
arteries, investigation of vessels in the lower leg is time-consuming 
with a lower reported success rate, especially for peroneal artery 
stenosis.48,49 The presence of extensive, severe calcification can pre-
clude full investigation of calf arteries; this is a practical constraint 
on the many patients presenting with diabetes or chronic renal 
failure (Fig. 63.15). Nevertheless, a study comparing angiography 
and duplex scanning assessment of vessel patency48 concluded that 

Figure 63.14 Collateral artery supplying a dorsalis pedis 
artery. Ultrasound identifies the level of vessel patency and the 
artery diameter.

Figure 63.15 Calcification in the tibial arteries. Calcification in 
the tibial arteries causes loss of colour flow deep to high levels of 
calcification. In severe cases flow may not be detected by colour or 
spectral Doppler.

Table 63.2 Causes of graft failure (from Allan, Dubbins, 
Pozniak and McDicken: Clinical Doppler Ultrasound, 
Churchill Livingstone, 2006)

Intrinsic Extrinsic

Stenosis Inflow disease progression
 Proximal or distal anastomosis Outflow disease progression
 Mid-graft Entrapment or kinking

Clamp injury
Diffuse myointimal hyperplasia Thromboembolism

Hypercoagulation states
Aneurysm Sepsis
 Anastomotic
 Mid-graft

Haemodynamic failure occurs when the graft is patent but the limb remains 
ischaemic.
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Figure 63.16 Report of leg artery duplex examination. Diagrammatic representation of ultrasound findings in right leg arteries including 
PSV changes, occlusions and waveforms.
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Medical Engineering and Physics King’s College Hospital, London SE5 9RS

Surname:

Common iliac

Common
femoral

Superficial
femoral

Anterior
tibial

LR

Peroneal
Dorsalis

pedis

Posterior
tibial

diffuse

minor disease

8cm

occlusion

0.6 mls

1.5 mls x 2.5

Popliteal

Profunda
femoris

External illiac

First name:
DOB:
Hospital No:

VL/Test No:

Tested By:

Date:

Comments:

Consultant:
Department:
Hospital:

Direct Line : 0203 299 3711

VASCULAR LABORATORY REPORT

0.9 mls

3.0 mls > x 3

f 2.1 cm

the long saphenous vein, although the short saphenous vein, or the 
cephalic or basilic veins in the arm may be used where necessary. 
Veins are examined for size (Fig. 63.17), patency, evidence of vari-
cosities and their course mapped on the skin. The patient should be 
tested with their upper body elevated above the level of the veins, 
or sitting on the couch with the legs dependent in order to distend 
the veins; alternatively the patient can be asked to stand for the 
examination. Proximal venous occlusion has been advocated as 
providing a more realistic assessment of a vein’s diameter postop-
eratively when used as a graft.51 Ideally the chosen vein should have 
a diameter of 3–4 mm for most of its length and be at least 2 mm 
at the ankle if a long length of graft is being considered.

Normally the long saphenous vein is used. This is followed down 
the medial aspect of the leg to the medial malleolus and its course 
marked with an indelible marking pain (Fig. 63.18). Care needs to 
be taken in the calf as the long saphenous vein has two calf tributar-
ies, the longer and more useful one being the anterior division 
which passes down the medial calf to the medial malleolus at the 
ankle. Once the line of the vein has been marked in, transverse 
scanning can be used to identify perforator veins and superficial 
collateral venous channels, which are also marked on the skin prior 
to surgery. This is particularly important for in-situ vein grafts as 
arteriovenous fistulae may develop if the collateral channels are not 
all tied off.
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Causes of graft failure are given in Table 63.2. The timing of graft 
failure is associated with the cause of the failure. Failure within 6–8 
weeks of the operation is usually due to technical problems arising 
from the surgery. Approximately 3–5% of grafts will fail at this 
stage. Failures in the period from 3 months to about 2 years after 
surgery are usually due to neo-intimal hyperplasia; the majority of 
these failures occur in the first 12 months. Approximately 12–37% 
of grafts fail during this period, accounting for some 70–80% of all 
graft failures. After 2 years from surgery the usual cause of failure 
is progression of atherosclerosis in the native vessels, or the  
graft itself.55

Practical constraints may limit access in the first few days post-
operatively. In artificial grafts, small air bubbles can cause strong 
reflection of ultrasound at the graft surface in the initial postopera-
tive period. Nevertheless, graft patency can be established quickly, 
even with restricted access. Once scanning of the full length of the 
graft is possible, the graft is examined for stenoses (Fig. 63.19), 
thrombosis, collections (Fig. 63.20) and any other anomalies evident 
on B-mode or Doppler ultrasound. Inflow and outflow is assessed 
in terms of flow waveform shape and peak systolic velocity and can 
be compared with previous results. Because the graft offers a low 

Figure 63.17 Vein calibre suitable for use as a graft. 
Transverse images of the right and left long saphenous veins at mid 
thigh. Diameter measurements of 3 mm and 4.5 mm are useful in 
determining suitability for bypass conduit.

Figure 63.18 Vein mapping. The long saphenous vein and major 
tributaries are marked on the skin using an indelible marking pen.

Figure 63.19 Tight stenosis in a vein graft. Velocities rise over 10-fold from 0.36 m/s above the stenosis (A) to 5.4 m/s in the stenosis 
(B). The severity of the stenosis is evident on the B-mode image.

A B

Postoperative scanning of femorodistal 
bypass grafts

Duplex ultrasound is seen as particularly important in evaluating 
vein grafts as it can identify problems in the graft before they are 
evident from clinical indications or from ankle/brachial pressure 
measurements. The superficial location of grafts allows use of high 
frequencies with corresponding good detail resolution (Fig. 63.19).

Failure is most common in the early postoperative period. Graft 
surveillance programmes using duplex ultrasound reflect the need 
for close monitoring over the first postoperative year and routine 
scanning at 1, 3, 6, 9 and 12 months postoperatively is typical. 
Continued follow-up has been advocated beyond the first year,52 
although the low rate of late failure and low incidence of de novo 
stenoses after the first 6 months has led others to suggest that pro-
grammes should be restricted to the first 653 or 1254 months for grafts 
showing no evidence of deterioration.
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600 patients showed no significant difference in graft patency and 
limb salvage rates between patients on a surveillance programme 
and those undergoing standard clinical management. However, 
duplex ultrasound continues to have a major role in the assessment 
of graft problems, particularly if there is clinical concern.

ANGIOPLASTY AND STENTS

Duplex ultrasound is used to assess lesions suitable for angioplasty, 
reducing the need for diagnostic arteriography prior to interven-
tion. Ultrasound has also been used to guide angioplasty in femoral 
and iliac lesions.60,61 This permits an immediate assessment of the 
outcome of balloon inflation by haemodynamic parameters.

For follow-up of angioplasty procedures, velocity ratio criteria 
can be used to measure relief of the constriction, showing good 
agreement with angiographic appearance.62 The diagnostic poten-
tial of these measurements is uncertain. In a study63 using a velocity 
ratio >2 to indicate stenosis of >50% 5 days post-procedure, arteries 
with a residual stenosis exceeding 50% had a significantly worse 
patency rate (11%) at one year compared with lower levels of resid-
ual narrowing, which had patency rates of 80%. Another study,64 
using the same criteria, measured velocities within 16 hours of the 
procedure and found that there was no significant difference in 
long-term patency between arteries with high-grade and low-grade 
stenoses. Technical errors arising from angioplasty, including 
raised intimal flaps and subintimal tunnelling, may also be evident 
on ultrasound, allowing any appropriate action to be undertaken 
in a timely manner.

Duplex ultrasound has been advocated for the assessment of 
stenosis severity in relation to arterial stents placed in lower limb 
arteries. In a retrospective study comparing ultrasound with angi-
ography65 using peak systolic velocity and the velocity ratio (Vr) of 
in-stenosis to pre-stenosis peak systolic velocities. A PSV ≥190 cm/s 
and a velocity ratio ≥1.5 were most accurate for prediction of ≥50% 
stenosis and a peak systolic velocity ≥275 cm/s and a ratio ≥3.5 
were optimum values for prediction of a ≥80% stenosis. Duplex 
criteria for ≥50% stenosis preceded changes in the ABPI and may 
aid in determining the need for more intensive surveillance.

resistance path for the circulation with little pressure loss, run-off 
flow at the distal anastomosis is commonly both antegrade to distal 
vessels and retrograde to proximal vessels (Fig. 63.21).

Stenosis criteria are generally divided between moderate sten-
oses for which continued surveillance is indicated and severe, 
haemodynamically significant lesions which indicate the need for 
urgent revision. Although absolute velocities have been used to 
define stenosis level, the variation in graft diameters between 
patients leads to similar variance in normal velocities. By using the 
velocity ratio of peak systolic velocity in the stenosis to that in an 
adjacent undiseased segment, variation in diameter (and in flow) is 
taken into account. For moderate stenoses, velocity ratios of 1.553 
and 2.054 have been proposed. For severe stenoses, velocity ratios 
of 3.053 and 3.556 are indicative of impending failure. At this level of 
stenosis, a decrease in ABPI of >0.15 is evident, although in com-
parison to duplex ultrasound, the ABPI is insensitive to graft sten-
oses. Care must be taken in suggesting stenosis at the lower 
anastomosis as the disparity in calibre between the graft and a 
smaller native artery may result in a physiological rather than path-
ological stenosis.

Low velocities in a graft are indicative of inadequate inflow or 
outflow and are associated with early occlusion and graft failure. 
A PSV of 45 cm/s below which velocities should not fall has been 
suggested for both vein56 and PTFE57 grafts.

Recently, the cost-effectiveness of ultrasound surveillance pro-
grammes has been questioned, particularly its effectiveness in 
improving limb salvage rates.58,59 This multicentre study with some 

Figure 63.20 Infected peri-graft collection. Longitudinal (A) and transverse (B) colour Doppler images of a PTFE graft with echogenic 
proteinaceous material and fluid around it.

A B

Recommendations for duplex ultrasound surveillance of grafts

• Routine follow-up should be undertaken in femoral-popliteal and 
femoral-tibial vein grafts.

• Graft surveillance intervals are approximately 3, 6, 12 months 
postoperatively and yearly.

• PSV ratios of 2.0 are indicative of stenosis, 3.0 of severe 
stenosis.

• Minimum in-graft PSV is 45 cm/s.
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ACUTE ISCHAEMIA

Acute ischaemia in limbs usually arises from two main causes: 
acute thrombosis on existing plaque – often described as acute on 
chronic; and embolism from a proximal source, usually the heart or 
an aneurysm. These emboli commonly lodge at a bifurcation. In 
both cases there is a rapid onset of ischaemia with pain and coldness 
in the limb and risk of tissue loss. Left untreated, systemic adverse 
effects can occur leading to organ failure and death. The use of 
ultrasound in the assessment of these cases depends on its availabil-
ity and the speed with which it can be used compared with angi-
ography. Ultrasound can be useful in identifying the location of the 
occlusion, its proximal and distal extent and the arterial access for 
intervention.

POPLITEAL ENTRAPMENT

Occlusion of the distal popliteal artery can be produced by plantar 
flexion of the foot in patients suffering from popliteal entrapment.66 
It can be assessed by a reduction in ankle blood pressure, reduction 
in continuous wave flow signals at ankle level or by colour Doppler 
ultrasound, which shows the site of occlusion and the presence of 

Figure 63.21 Distal anastomosis of a bypass graft. Flow in the 
artery is antegrade (blue) to the distal artery and retrograde (red) 
into the proximal artery from the graft (A). The velocities increase 
from the graft (B) to the distal artery (C) as a result of the change 
in graft/run-off artery calibre.

A B

C

collateral circulation. However, the phenomenon of popliteal occlu-
sion in response to plantar flexion can be elicited in over 50% of 
young, healthy normal volunteers,67 making it sufficiently preva-
lent to render this test of limited diagnostic use, and decisions on 
treatment must be based on a clinical assessment of the level of 
impairment of normal function.

ANEURYSMS

The role of ultrasound in diagnosis and follow-up of abdominal 
aortic aneurysms and aortic stents is covered in Chapter 40. Aneu-
rysms also occur in the limbs, most commonly in the popliteal 
artery (Fig. 63.22), less often in the femoral artery. Iliac aneurysms 
are usually associated with aortic aneurysms and isolated iliac 
aneurysms are rare. Complications are acute thrombosis, rupture, 
and compression of the adjacent vein possibly causing deep vein 
thrombosis.

High rates of coexistent aneurysms have been found in patients 
with popliteal aneurysms (78%) and common femoral aneurysms 
(95%).68 In patients undergoing routine follow-up of popliteal aneu-
rysm, 32% developed new aneurysms over a 5-year period.69 In 
cases of suspected distal embolism, the major arteries from the 
popliteal artery proximally to the aorta should be investigated to 
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Figure 63.22 Popliteal artery aneurysm. Colour Doppler image 
of a popliteal artery aneurysm showing reverse flow (dark blue) 
within the aneurysm.

confirmed post-compression. Complications can include distal 
embolus and hypotension.73 Failure of compression is more common 
in long-standing pseudo-aneurysms and in patients undergoing 
treatment with anticoagulation.

Compression of pseudo-aneurysms is, however, tiring and may 
be painful for both the patient and operator. Many centres now use 
ultrasound-guided thrombin injection as a quicker and effective 
alternative to compression therapy.74 A thin needle (21–25G) is 
located in the patent component of the false aneurysm and a small 
amount of human thrombin solution is injected using an insulin 
syringe to titrate the small amount of thrombin solution that is 
normally required to produce complete thrombosis and exclusion 
of the aneurysm from the circulation (Fig. 63.25). Normally 400–
1000 IU of thrombin is sufficient to produce thrombosis in 20–30 
seconds. Following the procedure the patient should rest in bed for 
2–3 hours with regular review of the distal circulation. Most centres 
perform a follow-up scan at about 24 hours to confirm continued 
complete thrombosis; in some cases a small residual area of patency 
may require a second injection.74

Arteriovenous fistulae

Traumatic arteriovenous fistulae result from a puncture of adjacent 
artery and vein with a corresponding low-resistance, high-pressure 
gradient and consequent high flows.75 Flow in the supplying artery 
exhibits a high-velocity, low-resistance flow waveform and the 
draining vein may show arterial-type pulsations (Fig. 63.26). At the 
site of the fistula, the high-velocity flow jet can produce ambiguous 
and confusing colour and spectral Doppler signals, together with 
possible artefact from adjacent tissue vibration.76 Distal to the 
fistula, haemodynamics may be altered with a vascular steal  
syndrome possible. In patients undergoing interventional therapy 
for fistulae, ultrasound is used to monitor the outcome of the  
occlusion procedure.

Dissection

Dissection of the lower limb arteries may extend down from an 
aortic dissection, or be the result of local trauma, typically from 
vascular access procedures. As is the case with an aortic dissection, 
the dissection flap may be seen on ultrasound, although different 
angles of insonation may be required to get an image of the flap, 
depending on its orientation to the ultrasound beam (Fig. 63.27). 
Colour Doppler will show flow in the patent channels, which often 
shows different characteristics depending on the haemodynamics 
of the dissection. Sometimes one of the channels may thrombose, 
producing an apparent long stenosis of the vessel which can be 
difficult to recognise if the diagnosis of dissection has not been 
considered.

ARTERIAL DISEASE IN THE ARM

Patients presenting with ischaemia of the arms and hands do so for 
a more diverse range of aetiologies than for legs and feet, where 
atherosclerosis is the predominant cause. Ultrasound, in conjunc-
tion with pressure measurements, plays an important role in elicit-
ing the cause, or excluding possible causes, of arterial insufficiency 
in the upper limb. Broadly, causes can be divided into diseases of 
large arteries, suitable for investigation by duplex scanning, and of 
small arteries, where higher-frequency continuous wave Doppler 
may be helpful.

Ultrasound investigation of arm arteries

Duplex ultrasound can be used to investigate the arteries from the 
innominate/brachiocephalic and subclavian arteries to axillary, 

identify any aneurysm that might have acted as a source of emboli. 
If an aneurysm at iliac or distal level is identified during an inves-
tigation of leg arteries, the patient should be screened for aortic 
aneurysm.

ARTERIAL INJURIES

Duplex ultrasound is a rapid and accurate means for the diagnosis 
of arterial injuries following puncture or compression trauma. 
These occur most commonly as iatrogenic injuries following inva-
sive diagnostic or therapeutic procedures; more rarely they may 
result from a fracture, blunt trauma, crush injuries, gunshot or stab 
wounds, and accidental or self-inflicted wounds. The most common 
complication is a pseudo-aneurysm; others include arteriovenous 
fistula, thrombosis, dissection, intimal flap and haematoma.70,71 The 
most common site is at the common or proximal superficial femoral 
artery (resulting from catheterisation) but these complications can 
occur in any of the major arteries in the upper or lower limb.

Pseudo-aneurysms

Pseudo-aneurysms appear as a hypoechoic region adjacent to the 
artery where blood leaks from the artery into adjacent tissue. Flow 
in the pseudo-aneurysm sac is characterised by a swirling motion 
which produces bi-directional colour flow signals (Fig. 63.23A). 
Flow in the communicating track from the damaged artery exhibits 
a characteristic to-and-fro motion as blood flows in during systole 
and flows out in diastole (Fig. 63.23B). There may be evidence of 
partial thrombus within the cavity (Fig. 63.23C). The appearances 
of a pseudo-aneurysm can be mimicked both by structures overly-
ing an artery (e.g. an enlarged lymph nodes) and by underlying 
structures displacing an artery superficially. In both cases, the 
patient may present with a pulsatile lump. Ultrasound can quickly 
exclude or confirm a pseudo-aneurysm.

Ultrasound can be effective in treating pseudo-aneurysms by 
inducing thrombosis with guided compression using the trans-
ducer.72 After locating the neck of the aneurysm, pressure can be 
applied and colour flow used to observe cessation of flow into the 
pseudo-aneurysm. The length of time required for adequate com-
pression is reported to vary from 15 to 60 minutes. Thrombosis of 
the sac can be confirmed by B-mode and colour flow. The initial 
echogenic appearance of the thrombosis becomes progressively less 
echogenic over time (Fig. 63.24). Patency of the artery should be 
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proximally. Colour Doppler imaging can be helpful in identifying 
the radial and ulnar arteries, which can be small. The palmar and 
digital arteries may be examined if there are specific concerns about 
these vessels.

If thoracic outlet syndrome is suspected with compression of the 
subclavian artery by a fibrous band as it passes over the first rib, 
then the subclavian artery should be assessed with the arm elevated 
in varying degrees of abduction to identify any changes in flow that 
may result. Should a subclavian steal syndrome be suspected, exer-
cise of the ipsilateral hand increases blood flow in the arteries sup-
plying the forearm muscles and exacerbates the haemodynamic 
effects of the stenosis including increased mean reversed velocities 
in the vertebral artery, accentuating the abnormal flow.

Resting flow waveforms in the arm are usually pulsatile (Fig. 
63.28), exhibiting characteristics typical of high distal resistance. In 

brachial, radial and ulnar arteries. Because the arteries are relatively 
superficial, high quality images can usually be obtained. The main 
areas of difficulty likely to be encountered are in the subclavian 
artery, where both supra- and infraclavicular approaches are often 
required to obtain adequate views, and the proximal innominate 
and left subclavian arteries, where the location behind the sternum 
and orientation of the vessel to the beam result in poor visualisation 
and contrast resolution.

The axillary artery is best examined with the arm abducted so 
that the vessel can be followed across the axilla and along the 
medial aspect of the upper arm. The brachial artery usually divides 
into the radial and ulnar arteries just below the cubital fossa and 
these are followed down the anterior (palmar) aspect of the forearm. 
If the radial or ulnar artery is difficult to follow down from the 
elbow, the vessel can be found at the wrist and then traced 

Figure 63.23 Pseudo-aneurysm. A: Colour Doppler image of a 
pseudo-aneurysm sac showing swirling flow. B: Flow in the track 
leading to a pseudo-aneurysm exhibits high velocities with a typical 
to-and-fro pattern as blood flows into and out of the sac through a 
small diameter channel. C: The cavity of a pseudo-aneurysm shows 
partial thrombus.
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Takayasu’s arteritis
Takayasu’s arteritis is a rare autoimmune disorder with granulo-
matous infiltration of the vessel wall and subsequent fibrosis and 
scarring; occasionally ectasia or aneurysm formation may be seen. 
The clinical presentation can vary from very little to severe ischae-
mic symptoms and asymmetrical or absent pulses; in the acute 
phase 50% of patients will have systemic symptoms. Medical treat-
ment is with steroids and cytotoxic agents, with stenting or surgery 
reserved for critical ischaemic circumstances. The condition is  
characterised by long segment stenoses or occlusions79 (Fig. 63.32). 
Duplex ultrasound has been shown to be of use in monitoring 
regression in response to therapy.80

Thoracic outlet syndrome
Thoracic outlet syndrome describes a range of disorders affecting 
the subclavian artery and vein as they cross the first rib at the  
thoracic outlet. The most likely causes for this compression are con-
genital fibrous bands at the insertions of the anterior and middle 
scalene muscles, with or without an associated cervical rib. 
Although some degree of compression may be seen in 20% of 
normal subjects,81 this does not result in symptoms. The symptoms 
may only occur with certain positions of the arm, or posture. The 
patient should asked to replicate the trigger position. Normally the 
diagnosis can be made simply by identifying the loss of the pulse in 
the arm in the appropriate position. In cases of uncertainty duplex 
scanning can detect stenotic (Fig. 63.33) or aneurysmal causes for 
vascular thoracic outlet syndrome. The point of compression or 
occlusion may not be directly accessible to the transducer due to the 
position of the arm and shoulder. In these cases Doppler can show 
the change or reduction in the systolic waveform as the arm is 
moved into the relevant position and the artery is compressed.82

Raynaud’s disease
Raynaud’s disease causes spasm of the digital arteries, usually in 
response to cold, leading to digital ischaemia. Duplex ultrasound 
does not contribute directly to diagnosis of Raynaud’s disease but 
is used to exclude other vascular abnormalities, such as stenosis, 
thrombosis or aneurysms, down to wrist level.83 High-frequency 
(10 MHz and above) continuous wave Doppler ultrasound has suf-
ficient sensitivity to assess digital artery patency and can be used 
to compare patency at room temperature and following a cold  
challenge. However, modern ultrasound equipment has sufficient 
sensitivity to be able to demonstrate the digital arteries directly  
on colour Doppler (Fig. 63.34).

ULTRASOUND OF HAEMODIALYSIS 
ACCESS

Permanent haemodialysis access, through a fistula or graft, requires 
high flows through a superficial vein or graft which can be repeat-
edly needled, is easy to keep clean and is comfortable for the patient 
during their periods of dialysis – typically three times a week, each 
of around 4 hours’ duration. American and European reviews and 
guidelines84,85 have been produced and are regularly updated to 
foster good haemodialysis practice. In both guidelines, ultrasound 
is identified as important in identifying appropriate vessels for 
dialysis access surgery, for follow-up of problems in the access 
circuit and as a means of measuring volume flow. The role of ultra-
sound in routine surveillance is still controversial.

The high flows, unusual haemodynamics and anatomy of fistulae 
and grafts can make this a challenging investigation but it is poten-
tially a rewarding one. Ultrasound is a quick, safe and effective 
means to identify existing and impending problems, enabling early 
radiological or surgical intervention to prolong the use of the exist-
ing access and to plan effective alternatives.

comparison with the leg arteries, flow waveforms in the arm are 
altered more by changes in temperature, reflecting the thermoregu-
latory nature of skin blood flow in the hand and the comparatively 
low muscle mass. In response to heating or exercise, the tri- (or 
more) phasic flow waveform shape becomes monophasic, though 
often with pulsations superimposed on a raised mean velocity.

Clinical applications

Occlusive arterial disease
Atherosclerosis occurs most frequently in the proximal arteries, 
particularly at the origins of the innominate and subclavian arteries 
from the aorta. Depending on its location, plaque may be imaged 
on real-time imaging (Fig. 63.29). The general criteria for assessment 
of upper limb atheroma are similar to those used for the lower limb 
arteries.

If the stenosis at the subclavian artery origin is severe enough to 
cause a pressure loss, a subclavian steal syndrome may result which 
can reliably be diagnosed using ultrasound.77 Characteristics of a 
steal syndrome include high velocity and disturbed flow at the 
subclavian artery stenosis, with either reduced systolic flow or 
partial or completely reversed flow in the ipsilateral vertebral artery 
(Figs 63.29 and 63.30). Distal arteries in the affected arm demon-
strate damped flow (Fig. 63.31). The effect of the stenosis can be 
quantified by non-invasive pressure measurements bilaterally.

In patients undergoing coronary artery surgery using the internal 
mammary artery, the artery can be imaged preoperatively using an 
intercostal approach; patency can be established and the diameter 
and peak velocities measured.78 The subclavian artery should 
also be scanned for evidence of stenosis. Postoperative internal 
mammary artery flow shows low systolic and increased diastolic 
flow typical of coronary arteries.

The major source of emboli in the arm is either the heart, or a 
proximal aneurysm, which occur most commonly in the subclavian 
artery. The arteries can be imaged using real-time ultrasound to 
examine for aneurysms and mural thrombi. Colour Doppler can 
identify sites of occlusion in the arm arteries down to radial and 
ulnar level.

Figure 63.24 Pseudo-aneurysm following occlusion of the 
tract. The centre of the sac shows bright echoes (dotted arrow) 
from blood which has just started to form thrombus. Older 
thrombus appears as darker echoes (solid arrow).
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may be used. Several unusual variations of grafts and veins are 
possible where access is difficult, depending on the preference of 
the surgeon and the availability and access of suitable arteries and 
veins. The main sites in approximate order of preference are given 
in Table 63.3. A major advantage of a distal fistula is that it may 
leave more proximal vessels available for future accesses.

Temporary access – role of ultrasound

Ultrasound can be used to assess central veins to ensure patency 
for emergency central dialysis catheter placement in patients with 
acute renal failure or failed permanent access. The patient should 
be lying flat so that the central veins are not collapsed. The internal 

Access sites

There are two main types of permanent haemodialysis access site. 
A fistula between an adjacent artery and vein can be created surgi-
cally where the vein is used for needle access, or a synthetic graft 
can be placed between an artery and vein. Fistulae generally have 
a lower incidence of complications than grafts and superior long-
term patency. However, they take time to develop and mature 
following surgery, with first use typically 6 weeks postoperatively, 
whereas grafts can be used earlier following surgery.

The arms are the preferred site for arteriovenous connections for 
dialysis access. There are several possible sites for fistulae and 
grafts in the arms. Once arm access sites are exhausted, leg vessels 

Figure 63.25 Thrombin injection into a pseudo-aneurysm. 
A: Colour Doppler image showing the flow jet in a partially patent 
pseudo-aneurysm following cardiac catheterisation. B: Needle tip 
(arrow) in residual patent lumen. C: Completely thrombosed 
pseudo-aneurysm following the injection of thrombin.
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Figure 63.26 Flow through an iatrogenic arteriovenous fistula. A: Spectral Doppler from the femoral vein shows evidence of arterial 
pulsations. B: The large pressure gradient across the fistula produces very high velocities which, in this case, were difficult to image 
unambiguously.

A B

Figure 63.27 Dissection in a femoral artery. The B-mode image (A) shows the flap in the vessel lumen (arrows) and the colour Doppler 
image (B) shows flow in both of the channels.

A B

Figure 63.28 Normal resting flow waveforms in a brachial 
artery. The flow waveform is pulsatile with reverse flow evident.

Table 63.3 Types of arteriovenous connection for 
dialysis access

Radiocephalic fistula
Brachiocephalic fistula
Brachial artery–transposed basilic vein fistula
Forearm graft from radial artery to cubital fossa vein
Looped graft from brachial artery to cubital fossa vein
Upper arm graft from brachial artery to axillary vein
Femoral–femoral loop graft
Axillary artery to contralateral axillary vein graft
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Figure 63.29 Subclavian artery occlusion. A: Right subclavian artery occlusion (callipers) between the origins of common carotid and 
vertebral artery origins. B: The vertebral artery shows reverse flow (blue) supplying the right arm arteries.

A B

Figure 63.30 Subclavian steal syndrome. A: The vertebral artery shows reverse flow in systole indicating a partial steal syndrome. 
B: Following exercise, there is reverse flow throughout the cardiac cycle caused by an increased pressure gradient through the subclavian 
artery origin stenosis. C: Colour Doppler image of the subclavian artery origin shows high velocities associated with a tight stenosis and an 
associated tissue bruit. Patient movement results in a sonogram that is not displayed continuously.

A B

C
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and external jugular veins are examined using a low-frequency 
(4–8 MHz) linear array using colour and spectral Doppler to ensure 
patency and normal venous flow patterns. The subclavian veins 
may be imaged using either a supra- or infraclavicular approach. 
The proximal internal jugular veins and subclavian veins may be 
difficult to image with a linear array due to clavicle, sternum and 
ribs which restrict ultrasound access. However, patency of the 
central veins can be inferred if there is normal cardiac pulsatility 
and respiratory phasicity on spectral Doppler.

Permanent access: pre-assessment

Poor selection of vessels for permanent access is associated with 
high failure rates. As dialysis is increasingly offered to older patients 
and those with diabetes and arterial disease, ultrasound has an 
important role to complement physical examination in identifying 
the most suitable site for access surgery. For radiocepahlic fistulae 
European recommendations are that the minimum diameter of 
radial artery and cephalic vein at the wrist level should be 2 mm.

Scanning is undertaken with a high-frequency linear array. A 
tourniquet may be applied proximal to the measurement sites to 
occlude venous return and to allow the veins to expand. It is impor-
tant to use very light pressure; even with a tourniquet, as veins are 

Figure 63.31 Spectral Doppler waveform with proximal occlusion. Axillary artery spectral waveforms in the right (A) and left (B) 
arms; the damped waveform on the right indicating proximal occlusion/stenosis of the right arm arteries.

A B

Figure 63.32 Takayasu’s arteritis. A: Real-time image of a common carotid artery showing marked and extensive thickening of the 
artery wall. B: Colour and spectral Doppler of the internal carotid artery in the same patient showing a long stenosis with a PSV of 3.5 m/s.

A B

Figure 63.33 Compression of the subclavian artery on arm 
abduction. The subclavian artery is compressed as it passes over 
the first rib (arrow).
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For radiocephalic fistulae, it has been suggested that measure-
ment of flow waveform changes in an induced hyperaemic response 
in the radial artery (Fig. 63.37) prior to surgery is a good measure 
of the likelihood of success of the fistula. A low resistance index (RI 
<0.7) in the initial period of hyperaemia was associated with a 
markedly improved outcome when compared with fistulae formed 
from arteries with an index ≥0.7,86 although others have been unable 
to show the same discrimination between fistula success and 
failure.87 A checklist of observations and measurements made is 
listed in.

Figure 63.34 Digital artery. Colour Doppler image of a digital 
artery showing a smaller branch vessel origin.

Figure 63.35 Measuring vein diameter. Transverse views of 
cephalic vein diameter measurement with a proximal tourniquet (left 
image) and without a tourniquet (right image).

readily compressed and the diameter may be underestimated. The 
vein diameters are measured in transverse section (Fig. 63.35) and 
are scanned through their length to check for patency, narrowing, 
particularly near confluences, anatomical variations (for example 
large veins communicating with the deep veins) and continuity of 
flow. The proximal cephalic vein may be compressed extrinsically 
by the clavipectoral fascia just before its insertion to the subclavian 
vein. This is sometimes relieved by relaxation of the arm.

The deep veins are imaged to ensure patency for the outflow of 
the fistula. Spectral waveforms in the proximal veins should show 
phasicity with respiration and cardiac pulsatility (Fig. 63.36). Absent 
or reduced phasicity is an indication of possible proximal vein 
occlusion or stenosis; if there is doubt the waveforms can be  
compared with those on the contralateral side.

The arteries should be examined for normal pulsatile flow to 
wrist level. The internal diameter of the radial artery should be 
measured and note is taken of arterial disease, including general 
calcification in the arm arteries. Even moderate stenoses should be 
noted as they can become more haemodynamically significant with 
the larger flow volumes that occur after fistula creation. It is impor-
tant to identify the brachial bifurcation level if surgery in the cubital 
fossa is contemplated.

Figure 63.36 Normal venous pulsatility. The right 
brachiocephalic vein shows continuity of flow on colour flow 
imaging. The sonogram shows phasicity of flow corresponding to 
right atrial pressure changes.

Figure 63.37 Hyperaemic response. following a 2-minute distal 
occlusion causes an instantaneous increase in flow accompanied 
by changes in the flow waveform in the radial artery. The resistance 
index (RI) is a measure of the decreased distal resistance.
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Measurements and checklist for arm pre-assessment scan for 
haemodialysis access

• Cephalic vein diameter upper arm/lower arm*
• Basilic vein diameter upper arm/lower arm*
• Anomalies (thrombus/stenosis/unusual anatomy) of superficial 

veins
• Patency of deep veins including brachial, axillary, subclavian and 

braciocephalic veins
• Radial artery internal diameter at wrist
• Normal flow waveforms in major arm arteries (including radial/

ulnar/brachial)
• Normal flow augmentation in radial artery in response to 

hyperaemia
• Level of brachial artery bifurcation
• Anomalies (calcification/occlusion/unusual anatomy) of arm 

arteries.
Note: It should be stated whether the * measurements of superficial 
vein diameter are made with or without a proximal tourniquet.

without other clinical or haemodynamic anomalies is not sufficient 
to classify the access as a dysfunctional access. These stenoses can 
usually be left untreated but can be monitored by ultrasound.

Volume flow

Volume flow is an important indication of the health of the access. 
The ultrasound examination should always include a measurement 
of volume flow through the fistula or graft (Fig. 63.39). Volume 
flows may range from 200 to 3000 mL/min in fistulae and grafts, 
although most fall in the range 600–1500 mL/min. Fistulae tolerate 
lower flows better than do grafts but there is a high risk of throm-
bosis if flow falls below 300 mL/min in a fistula or 600 mL/min in 
a graft. In addition, volume flows of <300 mL/min are inadequate 
for efficient dialysis. Both the European and American guidelines 
for fistula management have produced guidelines for further insti-
tuting investigations into the possible cause of low or reduced flow 
or if flows show a reduction in volume in consecutive scans. Recom-
mended criteria are given in Table 63.5.

Most ultrasound systems now provide a calculation package to 
assess volume flow in a blood vessel. Ultrasound measurement of 
volume flow is calculated using the equation:

Volume flow mL cross-sectional area cm
time-averaged

min( ) = ( ) ×2

  mean velocity cm s( ) × 60.

Figure 63.39 Ultrasound measurement of volume flow. 
The scanner combines a measurement of artery diameter with the 
time-averaged mean velocity (TAMV) over several cardiac cycles to 
calculate volume flow.

Figure 63.38 Longitudinal image of the cephalic vein in 
an arteriovenous fistula. The vein shows changes in diameter, 
a common feature in veins following repeated needling.

Table 63.4 Complications of dialysis fistulae

Early complications

Inadequate/inappropriate vessels
Thrombosis
Inappropriate venous return to deep veins
Stenosis of artery, anastomosis, or vein

Late complications

Stenosis
Thrombosis
Aneurysm, or pseudo-aneurysm
Infection
Steal syndrome
Venous hypertension
Congestive heart failure

Permanent access: postoperative 
assessment

Postoperatively, flow through the fistula causes the vein to enlarge 
(Fig. 63.38). There is an initial large increase of flow into the vein 
followed by a gradual further increase for several weeks. Grafts 
have a higher initial flow and can be used earlier. It is our practice 
to measure flow by duplex ultrasound at 1 and 6 weeks postopera-
tively and to record the size and depth of the fistula vein as a 
baseline record. This early scan also shows potential difficulties 
including multiple venous returns, venous occlusions and abnor-
mal flows, particularly low flows. In radiocephalic fistulae, early 
postoperative flows <400 mL/min have a high incidence of non-
maturation and failure.88

If the fistula fails to mature or the dialysis staff have concerns 
about function, then a full ultrasound investigation is performed. 
Complications that may occur in the early stages include use of 
inappropriate vessels, thrombosis, venous return through commu-
nicating veins to deep veins, or stenosis affecting the anastomosis, 
supplying arteries or draining veins, which may be the result of 
undiagnosed pre-existing stenosis or perioperative clamp injuries.

Once in use, later complications of fistulae and grafts may occur; 
these are listed in Table 63.4. These may result in inadequate dialy-
sis access function and require revision of the fistula or graft.

The most common complication affecting grafts is thrombosis; 
for fistulae the most common complication is reduced flow from 
stenosis. Stenosis in the access circuit is commonplace even in fis-
tulae and grafts with good function. The presence of a stenosis 
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flow in the subclavian or brachial artery will therefore account for 
all of the flow to the fistula/graft.

Measurements of volume flow form the venous side of a fistula 
are prone to error from turbulent non-axial flow velocities and non-
circular cross-sectional area (Fig. 63.40). In addition, the venous side 
of the fistula may divide into two or more channels with resulting 
dissipation of flow and subsequent underestimation of the overall 
volume of blood crossing the fistula or graft.

It is well recognised that measurements of volume flow are 
fraught with possible errors resulting from errors in diameter meas-
urement, where a 10% error in measurement of the diameter leads 
to an error of over 20% in calculating the cross-sectional area. Simi-
larly, errors in the measurement of the time-averaged velocity may 
result from errors in Doppler beam/flow angle measurement, or 
incomplete insonation of all the velocities across the artery or inclu-
sion of negative venous velocities in the sonogram. Despite these 
possible errors, the high flows in dialysis accesses and large changes 
in a failing access make volume flow calculation a practical and 
useful measurement in clinical practice.

As well as estimating flow at the time of each examination, the 
finding that flow volumes have decreased significantly since the 
last scan makes it imperative to seek possible causes that may be 
rectified before fistula failure occurs.

Scanning the access circuit

The entire circuit should be examined, as problems can occur any-
where from the proximal arteries, across the fistula to the subcla-
vian vein. High-frequency linear arrays should be used although 
the high superficial velocities at some stenoses can exceed the upper 
limits of measurable velocities. An initial rapid transverse scan of 
the vessels with colour flow can identify major anomalies including 
aneurysms, partial thrombus and collections and can ascertain the 
presence of multiple unsuspected venous returns or venous occlu-
sions. A more detailed examination is then carried out to assess any 
area of potential abnormality.

The access circuit is scanned from subclavian artery through the 
fistula/graft to the draining veins and back to the central veins, A 
measurement of volume flow is made in the brachial artery; three 
measurements may be made and the mean value recorded. Any 
abnormalities, such as thrombus, intimal flaps, aneurysms, pseudo-
aneurysms, or collections should be examined and assessed. Simi-
larly, any areas of abnormal flow or stenosis should be assessed and 
the relevant velocity measurements (PSV and systolic ratio) obtained 

Table 63.5 Criteria for further investigation/intervention 
of access of dialysis fistulae/grafts

European Best Practice Guidelines (EBPG)

Grafts <600 mL/min
>20% reduction in flow volume/month

Forearm fistulae <300 mL/min

National Kidney Foundation guidelines

Grafts <600 mL/min
Flow 1000 mL/min with decrease >25% 
over 4 months

Fistulae No absolute measure recommended. Flows 
should be considered for individuals. It is 
noted that levels of <400 mL/min and 
650 mL/min have been proposed

Figure 63.40 Complex flow patterns in the cephalic vein. Colour Doppler images showing complex disturbed flow in a cephalic vein 
draining an arteriovenous fistula; A: longitudinal and B: transverse views. The sonogram (A) shows turbulent flow associated with high 
velocity, non-axial flow. In these conditions, angle correction accuracy is limited and volume flow measurements cannot be made reliably.

A B

The weighted time-averaged velocity is obtained by measuring 
the velocity of blood flow across the lumen of the vessel over several 
cardiac cycles. The cross-sectional area of the vessel can be meas-
ured directly on a transverse scan at the point where the velocity 
has been measured; however, most ultrasound systems measure the 
time-averaged velocity and the diameter of the vessel on a single 
longitudinal view and extrapolate the diameter to obtain a figure 
for cross-sectional area (Fig. 63.39).

The fistula volume flow is best calculated from the supplying 
brachial artery proximal to the fistula as arteries have a circular 
cross-section, enabling a more accurate calculation of the area to be 
obtained from diameter. In addition, flow velocities in the artery are 
predominantly axial in the direction of the vessel, allowing good 
approximation of mean velocity to be measured, and the arteries 
are relatively straight, permitting accurate Doppler angle correc-
tion. The assumption is made that with the arm at rest the vast 
majority of brachial artery flow will supply the fistula with only a 
small proportion of flow supplying the arm or hand distal to the 
fistula. If necessary, distal blood flow below the fistula can be 
excluded temporarily with an inflated blood pressure cuff.

In radiocephalic fistulae, flow to the fistula is usually from both 
the radial artery and ulnar artery via the palmar arch. Measuring 



CHAPTER 63 • Peripheral arteries

1222

to quantify the degree of any stenosis. If diameters at a stenosis are 
measurable on the real-time image, then these can also be used to 
quantify the degree of stenosis. If there are problems gaining access 
with the cannulas, the diameter and depth of the vein can be meas-
ured. If multiple draining veins are found, then their location and 
the route of blood returning to the central veins should be described.

Normal characteristics

For fistulae with good function, flow in the supplying artery is 
characterised by high velocity and low pulsatility flow (Fig. 63.39). 
At the site of the fistula, velocities are usually very high and may 
be difficult to measure accurately. Close to the anastomosis venous 
flow may be turbulent (Fig. 63.40) and exhibits non-axial flow 
vectors which reorganise more proximally downstream from the 
anastomosis. The vein normally exhibits arterial-like pulsations up 
to axillary/subclavian vein level. More proximally, venous pulsa-
tions become more evident. The vein calibre should be adequate for 
repeated needling and a diameter of at least 5 mm is recommended; 
care should be taken to avoid artefactual compression of the super-
ficial vein by excessive pressure from the transducer.

There may be a degree of physiological increase in velocity as the 
cephalic vein penetrates the clavipectoral fascia just below the clavi-
cle and it is important to distinguish this from a clinical stenosis 
which may occur at this point. In radiocephalic fistulae, flow to the 
vein is commonly from antegrade flow in the radial artery and 
retrograde flow from the lower radial artery distal to the anastomo-
sis through the palmar arches from the ulnar artery.

Abnormalities and complications

Thrombosis
In cases of vein and graft thrombosis, flow in the supplying artery 
shows a high distal resistance, usually with a triphasic flow wave-
form, similar to a normal brachial artery. Thrombus is evident in 
the vein or graft and may be partial, with a small channel of flow 
around it, or complete. Thrombosis may occur in the artery leading 
to the fistula, particularly in the radial artery in radiocephalic fistu-
lae. It is important to determine the site and length of thrombus to 
aid planning of surgical or radiological intervention.

Stenoses, aneurysms, pseudo-aneurysms
Access sites frequently contain stenoses (Figs 63.41, 63.42) aneu-
rysms, pseudo-aneurysms (Fig. 63.43) or hybrid aneurysms/
pseudo-aneurysms, as a result of the continuing trauma from 
repeated needle puncture. By themselves they do not necessarily 
preclude successful dialysis. Older fistulae can develop multiple 
aneurysms at the needling sites yet still be viable for dialysis, or 
partial thrombus may be evident, particularly at the needling site. 
Aneurysms, stenoses and the presence of partial thrombus give rise 
to complex flows with turbulence and areas of recirculation which 
may promote thrombus formation around the dialysis needle. 
Aneurysms and pseudo-aneurysms are visible on real-time and 
colour Doppler imaging, which allow measurement of the lumen 
of the aneurysm/pseudo-aneurysm and the presence of any associ-
ated thrombus to be assessed.

Stenoses may be evident on colour Doppler but must be quanti-
fied by their PSV (Fig. 63.41) and the peak systolic velocity ratio 
(Fig. 63.42) of pre-stenotic flow to in-stenosis flow. Typical criteria 
used to suggest a significant stenosis are a PSV >400 cm/s and/or 
a PSV ratio >3 : 1.89

Steal syndromes
A steal may occur with dialysis fistulae and grafts if there is exces-
sive shunting of blood through the access circuit with inadequate 

Figure 63.41 Cephalic vein stenosis. High velocities in a 
cephalic vein stenosis in an arteriovenous fistula. The stenosis 
causes vibration leading to colour flow signal in adjacent tissue.

Figure 63.42 Tight stenosis in a fistula vein. The difference in 
diameter is evident in the colour Doppler image and the significant 
change in the peak velocity.

flow to distal tissues. This can result in pain in the hand and fingers 
and, if severe, tissue changes associated with ischaemia. It has been 
shown that steal syndromes may be aggravated by coexistent 
disease and stenosis in the arteries of the affected arm.90,91 Ultra-
sound can be used to determine vascular anatomy, vessel patency 
and qualitative evaluation of the circulation in the arm and hand. 
Occlusion of the venous side of the fistula by manual pressure, or 
a cuff inflated above the venous pressure but below arterial pres-
sure may result in improved flow to the arm and hand below the 
fistula (Fig. 63.44). This finding is useful if flow reduction surgery 
at the fistula is being considered.

Other findings
Collections and haematomas should be noted; these can lead to 
difficulties when needling fistulae and can cause extrinsic compres-
sion of the access circuit.
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Figure 63.43 Pseudo-aneurysm A large pseudo-aneurysm in a 
fistula vein (arrow). The size of the tear in the vein wall is evident 
(callipers).

Protocol for evaluating haemodialysis arm  
access postoperatively

• Measure flow in the brachial or subclavian artery supplying the 
access.

• Scan the circuit from subclavian artery through the fistula/graft to 
the draining veins to central veins.

• Note any abnormality (thrombus, aneurysms, pseudo-aneurysms, 
collections).

• Note any abnormal flows (unusual flow velocities or pulsatility, 
flow direction in veins).

• If there are multiple venous paths, draw them and state 
approximately the flow through each. Note where flow returns to 
the deep veins.

• Measure vein diameter and depth, especially if there are needling 
problems. Note any sudden change in vein direction and the 
presence of thrombus/intimal flaps, etc. in the needling area.

• Note any stenoses and measure them on B-mode and with peak 
systolic velocity and ratios of stenosis to pre/post-stenosis 
velocities.

Figure 63.44 Steal syndrome. A: Colour and spectral Doppler images of the radial artery showing the initial poor flow, which improves 
significantly when the venous side of the fistula is occluded by manual pressure. B: Examination of the brachial artery shows a tight 
stenosis with a tissue bruit and peak systolic velocity of 3.2 m/s.

A B

Very high volume flows may be found and these can lead to high 
output cardiac problems if flow rates are greater than 1400–
2000 mL/min. Ultrasound can be used to quantify the flow and 
monitor therapy.

Reporting dialysis fistula examinations

The report should describe the main features of the examination. 
Volume flow in the brachial artery is recorded, together with any 
significant changes to flow when compared with previous 

investigations. Peak systolic velocities at stenoses should be given 
and ratios calculated. The presence of thrombus, aneurysms, 
pseudo-aneurysms and collections should be noted and dimensions 
recorded. In cases where needling is difficult, the diameter of the 
vein should be determined, together with its depth. If the fistula 
flow returns through more than one pathway then these should be 
described. It is important to report unusual flow pathways and flow 
in unsuspected directions. We use diagrams of the access to aid 
dialysis staff where needling is difficult, if there are multiple or 
unusual flow channels, or as a guide for planning radiological inter-
vention or surgery (Fig. 63.45).
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Introduction

Deep venous thrombosis is a common clinical condition which is 
known to have a number of well-recognised potentially life-
threatening complications and, more chronically, complications 

related to the lower limb itself secondary to valve damage and 
venous incompetence. Most general imaging departments will be 
familiar with patients who present acutely on a daily basis and 
require careful evaluation. Accurate diagnosis is therefore essential 
but despite its frequent clinical presentation and the well-evaluated 
methods of investigation and assessment, it nevertheless can remain 
a difficult diagnostic and therapeutic dilemma. With regard to its 
prevalence in the USA it is estimated that approximately 20 million 
cases of deep venous thrombosis (DVT) occur per year, with an 
incidence of 100 persons per 100 000 per year of which approxi-
mately 600 000 will develop pulmonary thromboembolism (PTE),1,2 
a potentially life-threatening condition. The consequences of a 
missed diagnosis, or delay in diagnosis are well recognised, the 
28-day mortality rate for a first time DVT being 11% in a large 
venous thromboembolism epidemiological study.3 With regard to 
figures in the United Kingdom there may be anything upward of 
20 000 deaths per year from pulmonary embolus.4 Unfortunately 
the classical appearances of an acute venous thrombosis, i.e. a red, 
hot, swollen leg, are far from universal and indeed, even the pres-
ence of this triad of clinical signs may not in itself indicate an 
underlying deep venous occlusion. As a consequence, the clinical 
diagnosis is at best 50% accurate and this in itself necessitates the 
need for both a reliable and reproducible diagnostic technique.

The historical, conventional imaging modality is venography and 
for many, this has long been accepted as the ‘gold standard’ tech-
nique in the investigation of this condition, being both accurate and 
reproducible. However, it has many well-recognised drawbacks 
including being invasive as it requires cannulation of a foot vein, 
which can be painful, and in the presence of oedema this may be 
difficult or even unsuccessful in a small percentage of patients. It 
also involves exposure to radiation, albeit small and there is the 
potential risk of contrast reaction. Paradoxically, venography may 
even induce thrombosis secondary to the local venotoxic effects of 
the contrast agent itself; although, since the advent of the osmolar 
non-ionic contrast agents, this is of less concern.5,6 The interpreta-
tion of venograms may vary between radiologists by as much as 
10–15% of studies.7 For these reasons, the search for a suitable non-
invasive alternative to venography has always been a priority.

A number of different techniques have been evaluated in the 
investigation of DVT and these include radio-isotope scans, imped-
ance plethysmography, thermography and light reography. All 
have had their advocates; however, due to their limitations, none 
of these techniques has ever been accepted clinically as suitable for 
routine use. Radio-isotope scanning,8–10 whilst accurate within the 
calf, has reduced sensitivity and specificity in the proximal venous 
system,11 probably the most important area clinically in relation to 
the risk of a thromboembolic event. Thermography,12–14 on the other 
hand, has difficulty differentiating superficial thrombophlebitis 
from DVT, leading to false positive scans. Impedance plethysmog-
raphy gives an overall assessment of venous return from the limb 
but does not accurately identify the position of the thrombosis and 
may miss more distal situated lesions.15,16

The introduction of real-time ultrasound in the mid-1980s had a 
huge impact on the imaging of DVT as it was cheap, universally 
available and a relatively rapid method for assessment of possible 
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These calf veins join behind the knee to form the popliteal vein, 
which becomes the femoral vein at the level of the adductor canal; 
at the groin the femoral vein joins with the profunda femoris vein 
to become the common femoral vein, which then drains into the 
iliac veins. The two sets of iliac veins join to form the inferior vena 
cava (IVC). It is well recognised that segments of the lower limb 
veins may be duplicated and this occurs in up to 20% of femoral 
veins and 35% of popliteal veins.26,27

The superficial system consists of the great saphenous vein, 
which courses along the medial aspect of the calf and thigh to join  
the common femoral vein at the level of the inguinal ligament. The 
small saphenous system runs along the posterolateral aspect of the 
calf to join the popliteal vein behind the knee. These two venous 
systems are connected by a series of small communicating veins, 
which are more numerous below the knee than above; they are 
prominent in the medial aspect of the lower leg connecting the 
posterior arch branch of the great saphenous vein with the deep 
veins of the calf. Normal venous drainage is from the superficial to 
the deep system. However, when this malfunctions and flow direc-
tion reverses, it may be associated with the clinical scenario of 
venous incompetence.

TECHNIQUE

Real-time compression ultrasound

This is by design a simple technique. Imaging is performed with 
the probe perpendicular to the direction of vascular flow. Scanning 
generally begins at the groin with identification of the common 
femoral vein and artery, with the vein lying medial to the artery. 
Scanning is performed with a linear probe which may vary in fre-
quency from 5–12 MHz depending on the type of ultrasound 
system. Clearly, the most appropriate frequency will depend on the 
patient build and the degree of swelling and soft tissue change 
within the limb. The probe straddles both the artery and vein and 
very light pressure is initially applied so as not to collapse the walls 
of the vein. Following this, further pressure is applied with the 
probe and if the vein is patent, the anterior and posterior walls of 
the vein will meet completely. On release of pressure, the lumen of 
the vein will return to normal. However, if the vein contains throm-
bus, it does not collapse when probe pressure is applied and the 
vein remains distended (Fig. 64.2). Reflective thrombus may also be 
visualised within the vein lumen (Fig. 64.3).

This technique is applied from the groin to the adductor canal, 
moving the transducer at approximately 1 cm intervals. The femoral 
vein lies at its deepest point in the adductor canal and it can be 
difficult both to visualise and to perform a compression scan at this 
point. Visualisation may be aided by pushing the hamstring tendon 
upwards from behind the lower thigh: this has the effect of bringing 
the vessels closer to the probe and allowing a modified compression 
test to be performed.

DVT. Many studies from centres all over the world have shown 
ultrasound to be reliable in the assessment of both the femoral and 
popliteal veins.17–19 The addition of colour flow imaging in the late 
1980s and early 1990s led to a more graphic, instantaneous, visual 
appreciation of flow, or its absence, within the venous system and 
the technique was rapidly adopted by most centres as the first-line 
imaging modality. Numerous rigorous trials have shown ultra-
sound to have an extremely high sensitivity and specificity of over 
95% in the diagnosis of femoral and popliteal vein thromboses.20,21 
This high level of performance has been maintained over many 
years.22 Some centres have also suggested that similar results can 
be achieved below the knee, assuming good imaging conditions 
and careful technique.23–25 However, routine imaging of the calf 
veins has not been generally adopted clinically due to many inher-
ent difficulties of scanning in this area.

With regard to venography, this is now utilised largely as a 
second-line alternative to ultrasound in the assessment of DVT for 
patients in whom there may be a technical difficulty or equivocal 
results. Even in such patients often a repeat ultrasound study is all 
that is required to enable a clinical decision to be made. Indeed, 
currently the number of venograms being performed, not just in the 
UK but worldwide, has probably never been as low, and in many 
centres is now non-existent.

Venous anatomy

The venous system of the lower limb (Fig. 64.1) can be divided into 
the deep and superficial systems with small communicating veins 
between. With regard to the deep veins there are three paired calf 
veins below the knee, each being accompanied by a single artery. 

Figure 64.1 Anatomy of the lower limb venous system.
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Basic facts

• There are approximately 20 million cases of DVT per year in the 
USA.

• There are approximately 20 000 deaths per year from PTE in the 
UK.

• Ultrasound, real-time or colour Doppler, is the primary method of 
diagnosis of DVT worldwide.

• Duplication of the femoral and popliteal veins occurs in 20–35% 
of people.
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Figure 64.2 The real-time compression ultrasound technique. 
The ultrasound probe straddles the vessels transversely and 
pressure is applied. If the vein is patent the anterior and posterior 
walls oppose completely, as in B; if thrombus is present then the 
vein remains dilated, as in C.

A

Artery

Vein

Baseline

B

Normal compression

C

Abnormal compression

Figure 64.3 Acute thrombus. A: Transverse B-mode image of the femoral vein (arrows) containing solid echogenic material consistent 
with acute thrombus. This vein was non-compressible on ultrasound, a feature highly supportive of the diagnosis. The femoral artery is 
noted adjacent to the vein containing calcification (arrowheads) in its posterior wall. B: Sagittal scan of the femoral vein confirms the 
presence of echogenic thrombus (arrows).

A B

To examine the popliteal vein the patient is turned into a decubi-
tus position with the knee partially flexed. Approaching from the 
posterior popliteal fossa, the vein is now seen lying superficial to 
the artery and it is once again imaged in the transverse plane. The 
vein can be followed both superiorly to the adductor canal and 
inferiorly to the tibio-peroneal trunk with the same compression 
test being applied. At this point the examination is complete.

Colour Doppler imaging

Technique
Imaging is performed using the same 5–12 MHz range of linear 
probes. The patient lies supine and a liberal amount of ultrasonic 
jelly is applied continuously from the groin to the level of the 
adductor canal. The leg itself should be slightly abducted by 10–15°. 
As with the real-time compression technique, initial imaging is 
performed in a transverse plane to identify both the common 
femoral artery and vein. These can easily be differentiated by their 
anatomical positions (the vein invariably lies medial to the artery) 
and by spectral Doppler analysis of the vessels. The triphasic wave-
form of the femoral artery is significantly different from the 
monophasic waveform of the vein. Transverse scanning will also 
identify any dual segments of the femoral vein.

The common femoral vein can be traced proximally to the exter-
nal iliac vein, which is routinely imaged until it passes deep into 
the pelvis. This is often a good vein to obtain a spectral Doppler 
waveform from. This will normally be monophasic, increasing on 
expiration and reducing on inspiration (Fig. 64.4). Indeed, if doubt 
persists, with regard to the presence of respiratory variation the 
simple task of asking the patient to breath in and out will often 
confirm such phasic variation. The absence of such variation may 
indicate a more proximal obstructing or compressing lesion and in 
this situation further investigation is often merited.28 A Valsalva 
manoeuvre is also routinely performed and this is a further indirect 
assessment of more proximal venous patency (see ‘Assessment of 
the iliac system and inferior vena cava’). Following satisfactory 
imaging of the external iliac vein the examination proceeds cau-
dally and, from this point onwards, imaging is routinely performed 
in the longitudinal plane.

The common femoral, upper profunda femoris and femoral veins 
are routinely imaged longitudinally. The profunda femoris is nor-
mally only imaged for the first 3–5 cm and if this is patent then most 
effort is concentrated on examining the femoral vein which, in the 
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A

C

B

be difficult to visualise in the femoral vein at the adductor canal 
due to the depth of the vessel. This can be overcome by utilising a 
number of techniques, one of which is calf compression, which 
increases flow within the distal femoral venous segment (see ‘Prob-
lems and pitfalls’). In addition, removing the steering angle on the 
colour Doppler box may also be helpful, as this aids sensitivity. The 
final option is to use power Doppler, if available.

When the examination of the femoral segment is complete, the 
patient is turned into the decubitus position and imaging of the 
popliteal vein can be performed. The knee is normally flexed 20–
25°. The popliteal vein from the posterior approach is visualised 
superficial to the popliteal artery and it can be followed both supe-
riorly to the adductor canal and inferiorly to the tibio-peroneal 
trunk. Flow within this vessel is normally spontaneous and com-
pletely fills the vein lumen; little distal compression, if any, is 
required to visualise it.

Diagnostic criteria
A number of diagnostic criteria are routinely utilised to assess 
venous patency with the colour Doppler technique. These include 
the following:

Spontaneous flow

Flow within the iliac, femoral and popliteal veins is normally  
spontaneous and normally completely fills the vein lumen (Fig. 
64.5). On occasion, colour Doppler across the vein lumen 
may be incomplete; however, this should never be persistent. 
Incomplete intraluminal colour flow filling is more likely to occur 

Figure 64.4 Spectral Doppler waveform of the distal external 
iliac vein. Flow decreases on inspiration and increases with 
expiration. Loss of phasic swing may occur with more proximal 
thromboses or be secondary to vein compression from a pelvic 
lesion.

vast majority of individuals, lies deep to the femoral artery. The vein 
can be tracked continuously from the groin to the level of the adduc-
tor canal. As for all venous imaging techniques, light probe pressure 
is mandatory and an awareness of anatomical variants is essential 
(see ‘Problems and pitfalls’). Colour Doppler flow may on occasion 

Figure 64.5 Spontaneous flow. A: Longitudinal colour Doppler 
scan of the femoral vein (thin arrow) lying posterior to the artery 
(thick arrow) at the groin. There is complete filling of the vein lumen 
with spontaneous colour flow indicative of patency. The deeper 
vein is the profunda femoris (arrowhead). B: Similar longitudinal 
scan at mid-thigh showing the femoral vein (thin arrow) lying in  
its normal anatomical position posterior to the artery (thick arrow). 
C: The same vessels as in B but seen in the transverse plane, 
the vein (thin arrow) lying medial to the artery (thick arrow).
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normally as marked in the more distal veins of the leg as it is more 
proximally.

The absence of phasicity in the common femoral vein is suspi-
cious of either a more proximal obstructing venous thrombus or a 
large pelvic or abdominal lesion with accompanying venous com-
pression.28 Flat venous waveforms may also be seen in collateral 
vessels; these should not be confused with the primary deep venous 
system.

Venous dilatation

This often occurs in the presence of acute DVT. It can be a helpful 
confirmatory sign, especially when thrombus is fresh and anechoic 
as this tends to expand the vein. It should be noted, however, that 
dilatation is not universal and is not seen in all cases of acute throm-
bosis (Fig. 64.7).

in pregnancy when the increase in intra-abdominal pressure can 
reduce venous return from the lower limbs. The judicious use of 
distal compression should largely resolve any problem areas. Per-
sistent underfilling of a venous segment strongly indicates the pres-
ence of a small focal area of thrombus.

Reflective material

The normal vein lumen, when using colour Doppler, is filled with 
colour-coded venous flow. It should be devoid of any echogenic 
reflective material; this finding is indicative of venous thrombosis.

Distal augmentation

The application of distal augmentation by squeezing the calf  
will result in increased venous return and thus an increase in the 
Doppler signal from the vein (Fig. 64.6). This increased signal indi-
cates that the venous segment between the point of compression 
and the position of the probe is patent. Although this is the case in 
the majority, there are some very well-recognised pitfalls that can 
result in reassuringly false negative scans and this particular 
manoeuvre, despite being helpful on a number of occasions, should 
not be relied upon in isolation to confirm or refute a diagnosis of 
DVT. In addition, augmentation should be performed in a control-
led manner, given the potential risk of dislodging thrombus and a 
resultant pulmonary embolus29,30 (see ‘Problems and pitfalls’).

Response to probe compression

Although this particular manoeuvre is more historically related to 
the real-time compression technique it can nevertheless also be 
utilised with colour Doppler. When the probe is transverse to the 
artery and vein and light pressure applied, the walls of the vein 
should meet each other completely. Should the vein lumen remain 
visible then thrombus is present.

Variation of the spectral waveform with respiration

Examination of the common femoral and external iliac veins using 
spectral Doppler normally shows a phasic venous waveform which 
varies with respiration. The presence of such a waveform is predic-
tive of proximal venous patency. Respiratory variation is not 

Figure 64.6 Spectral Doppler waveform of the popliteal vein 
following distal manual compression of the calf. The amplitude 
of the spectral trace has significantly increased following this 
augmentation manoeuvre (arrow), suggesting patency of the calf 
veins. Complete reliance on this manoeuvre in isolation may lead to 
incorrect conclusions – see ‘Problems and pitfalls’.

Figure 64.7 Thrombus in popliteal vein. A: Longitudinal colour flow scan through the popliteal vein. The popliteal vein contains 
thrombus with some surrounding flow (arrowheads). B: The same vein seen transversely showing central vein thrombus with surrounding 
peripheral wall flow (arrowheads) in keeping with non-occlusive thrombus. The popliteal vein, however, is not particularly dilated. Venous 
dilatation often accompanies DVT but is not an absolute requirement for diagnosis.

A B
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Figure 64.8 Longitudinal colour flow image through the distal 
femoral vein. The femoral vein contains an area of non-occlusive 
thrombus with flow surrounding the periphery of the clot encircling 
both its proximal and distal aspects.

Figure 64.9 Cross-sectional anatomy of the calf showing the 
position of the calf veins, accompanying arteries and their 
anatomical landmarks.
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Ultrasonic findings in normal and thrombosed veins

• The femoral vein normally lies medial to the artery.
• Complete apposition of the vein walls is an indicator of vein 

patency (probe pressure applied in the transverse plane).
• Colour Doppler flow in the femoral and popliteal veins is normally 

spontaneous.
• Spectral Doppler flow in the common femoral vein is normally 

phasic; a flat waveform is indicative of more proximal disease.
• With colour Doppler a combination of absent spontaneous 

intraluminal flow and the presence of intraluminal thrombus is 
indicative of venous thrombosis.

(the most common method) or can be performed with the aid of a 
compressive cuff, which is a more reproducible method.

The posterior tibial veins are normally visualised by placing the 
probe to the medial side of the tibia. These veins are more superfi-
cially placed than the deeper situated common peroneal veins 
which can also be visualised in the same imaging plane, albeit with 
slight alteration of probe angulation. The anterior tibial veins are 
normally visualised by imaging from the lateral aspect of the tibia, 
where they lie in a more superficial position on the interosseous 
membrane between the tibia and fibula. The common peroneal 
veins can also be visualised from this approach, as they lie deep to 
the interosseous membrane. Should the common peroneal veins be 
difficult to visualise from both the medial and lateral approaches, 
then they can be visualised from a more posterior position.

When scanning the calf veins the patient is initially assessed 
supine as for the femoral and popliteal veins. Should visualisation 
be poor or suboptimal, the patient can be positioned sitting with 
their legs suspended over the edge of the examination table and the 
foot supported on a rest. This simple manoeuvre has the affect of 
distending the calf veins and thus improving visualisation24 (Fig. 
64.10). The anterior tibial veins are regarded as the least important 
set as they are almost invariably associated with simultaneous 
thrombosis of the posterior tibial or common peroneal veins.31 For 
this reason many centres that employ this technique do not rou-
tinely include them in their imaging protocols.

Diagnosis of deep venous thrombosis
A positive diagnosis of DVT using colour Doppler depends upon 
a number of factors including a lack of spontaneous flow within the 
vein, the presence of reflective material within the lumen, dilatation 
of the vein itself, poor response to augmentation manoeuvres and 
non compressibility of the vein. Although all of these criteria can 
be sought individually, with experience using colour Doppler, the 
diagnosis is often visual (Fig. 64.8) and indeed on many occasions, 
instantaneous. Spectral analysis is generally unnecessary except for 
the indirect assessment of the proximal veins of the iliac system. 
With regard to everyday working criteria, the two main diagnostic 
ones are those of absent spontaneous flow and the presence of 
reflective material within the vein lumen (Table 64.1).

Calf vein imaging

Imaging of the calf veins is not routinely performed in many 
centres. However, a number of studies have suggested that apply-
ing the technique to the calf veins may have a useful role.24 Each of 
the three major calf arteries is normally accompanied by paired 
veins (Fig. 64.9); indeed, the method of identification of these 
vessels is normally first to identify the artery (although these may 
be occluded in patients with severe vascular disease) and then 
subsequently apply distal calf compression to visualise the paired 
veins. Spontaneous colour flow is generally absent below the knee 
although on occasion it is seen in the young, fit individual. Flow 
augmentation within the calf veins is normally performed manually 

Table 64.1 Colour Doppler imaging in suspected deep 
venous thrombosis: diagnostic criteria

Diagnostic criteria Patent Thrombosis

Spontaneous flow Present Absent
Augmentation of flowa Present Absent
Response to probe 
compression

Present Absent or 
diminished

Doppler waveform Present + phasic Absent
Intraluminal echoesb Absent Present
Colour Doppler 
imagingb

Fills lumen 
completely

Absent or 
incomplete filling of 
lumen

aBeware of false negative results; see ‘Problems and pitfalls’.
bMost important diagnostic criteria.
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The diagnostic criteria of calf vein thrombosis are essentially 
those used for above-knee thrombosis. Spectral Doppler is not nor-
mally required. The main criteria once again, are absence of flow, 
venous distension and the presence of reflective material within the 
vein lumen (Fig. 64.11). The limitations of this technique are simply 
that it will show significant thrombosis, confined to one or multiple 
sets of calf veins,32 but it will not reliably and routinely detect a 
small focal segment of thrombosis; equivocal scans and persistent 
symptoms can be approached with a number of alternative strate-
gies. A limited venogram of the area of concern may be considered 
but venography is now so rarely performed in many centres, that 
there are very few radiologists familiar with the technique. An 
alternative approach is to rescan the patient at a time interval of 3–7 
days to exclude any significant potential clot propagation into the 
popliteal vein.

Assessment of the iliac system and  
inferior vena cava

Unfortunately, despite improvements in probe technology and 
adequate patient preparation including fasting and a full bladder, 
the iliac veins can still be difficult to visualise in up to 50% of cases.33 
This is often due to a combination of factors including patient build, 
the relatively deep position of these veins within the pelvis and the 
presence of bowel gas, particularly on the left side where the 

Figure 64.10 Calf vein imaging. A: Longitudinal colour flow 
image through the medial aspect of the calf. The paired posterior 
tibial veins are collapsed (arrows). The posterior tibial artery 
(arrowhead) is sandwiched between both veins. The patient is in a 
supine position. B: Scan through the medial aspect of the calf, the 
patient sitting with the leg over the side of the examination couch, 
i.e. the calf is in an erect position. Improved colour flow and venous 
distension of the posterior tibial veins is noted. C: In addition, flow 
can now also be seen in the deeper common peroneal set of veins 
(thick arrows).

A

C

B

Figure 64.11 Longitudinal scan of the medial aspect of the 
calf showing thrombus within the common peroneal veins. The 
artery is delineated in red (thin arrow) and the dilated thrombus filled 
common peroneal veins are seen on either side (thick arrow).
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Problems and pitfalls

There are many potential problems and pitfalls with colour Doppler 
imaging. However, with good examination technique these can 
usually be avoided.

Technical
The ultrasound system should be optimised for a venous examina-
tion. This means correct setting of the focal zone, low velocity set-
tings – normally around 6 cm/s, and the use of a low level filter. If 
machine optimisation is ignored then it is possible to get a false 
positive result for venous occlusion.

Associated medical conditions
An accurate medical history is of paramount importance, as many 
general conditions can influence venous flow. If the sonographer is 
aware of these, they may explain some of the ultrasonic findings 
and avoid any potential misinterpretation; for example, the common 
femoral vein waveform response to the Valsalva manoeuvre may 
be masked in the presence of congestive cardiac failure. A known 
pelvic malignancy may explain a flat non-phasic femoral spectral 
waveform. The presence of an arteriovenous fistula may explain 
increased or turbulent flow within the vein. A history of previous 
DVT may also be of importance in interpretation of the venous 
findings.

Anatomical variants
Duplication of the femoral and popliteal veins is common, with a 
prevalence of 20% in the femoral vein segments and 35% in the 
popliteal vein27 (Fig. 64.13). An appreciation of normal anatomy and 
variation in size of the veins, particularly with a duplicated venous 
system where the veins are generally smaller, aids recognition.26 
Awareness of this variant may be clinically relevant because  
thrombus can be confined to one limb of the duplicated system.35 
However, despite the relative prevalence of duplicated systems, this 
clearly has not affected the overall accuracy of ultrasound in DVT 
diagnosis and it therefore must be assumed that such confined 
thrombus is likely to be uncommon.

Distal augmentation
This manoeuvre was designed to help in the evaluation of venous 
segments that either could not be visualised or were difficult to 

sigmoid colon lies superficial to the iliac vessels. Assessment of 
these large veins in many patients is therefore dependent on indi-
rect criteria.

Respiratory variation of the spectral  
waveform
As noted previously, the external iliac and common femoral veins 
should have a phasic spectral Doppler waveform. If this is absent 
and the waveform is clearly flat, then this is suspicious of either 
external compression secondary to a pelvis mass or a more proxi-
mal obstructing thrombosis.28 Further investigation, usually with 
computed tomography (CT) scanning, may be required to deter-
mine the aetiology of the obstruction.

Valsalva manoeuvre
The patient can be asked to perform a Valsalva manoeuvre whilst 
the common femoral vein is imaged transversely. A normal response 
results in complete retardation of femoral vein flow and venous 
dilatation, with the diameter of the vein increasing by at least 50%34 
(Fig. 64.12). Although these would appear definite criteria, the pres-
ence of conditions such as congestive cardiac failure can dampen 
this normal response and potentially result in misinterpretation. As 
a consequence, more reliance and emphasis is placed on the pres-
ence or absence of respiratory swing of the Doppler waveform, with 
rebound increase in flow following a short breath hold: this is rou-
tinely used in combination with the Valsalva manoeuvre.

Figure 64.12 Transverse image of the common femoral vein at (A) rest and (B) following the Valsalva manoeuvre (arrows). There is 
marked venous dilatation following this manoeuvre, which is also accompanied by complete retardation of flow. This positive response is 
an indirect sign of more proximal patency although in patients with conditions such as congestive cardiac failure this response may be 
masked. A thin valve cusp can be seen (arrowhead).

A B

Calf vein imaging, pitfalls and complications of  
venous ultrasound

• Relatively few centres routinely perform calf vein imaging.
• Spontaneous flow is not seen in the calf veins; distal calf 

compression is applied to assess the calf veins.
• The posterior tibial and common peroneal sets of veins are the 

most important with regard to calf vein imaging.
• Reliance on the distal augmentation manoeuvre, in isolation, for 

above-knee venous assessment is inadvisable due to many 
potential interpretative pitfalls.

• Recorded cases of PTE following calf compression are extremely 
rare.
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calf compression manoeuvres unless these are likely to aid 
diagnosis.

CLINICAL APPLICATIONS

Acute DVT

Symptomatic DVT
Using the techniques described earlier, colour Doppler ultrasound 
has the advantage of being able not only to diagnose DVT with a 
high sensitivity and specificity but also to differentiate it from other 
conditions that may result in similar symptoms, such as a ruptured 
Baker’s cyst, post-traumatic subfascial haematoma, tumours and 
pseudo-aneurysms,1 and may occur in up to 26% of positive studies 
of the lower limb36 (Fig. 64.15). It can also diagnose superficial 
thrombophlebitis, which is important, as this is treated with  
non-steroidal anti-inflammatory drugs and does not require 
anticoagulation.

When there is a clinical suspicion of DVT, examination of the 
symptomatic limb only is required. Previous studies have sup-
ported this approach; in one study of 206 patients not only was it 

visualise directly. It depends upon the premise that if a venous 
segment is patent and the distal limb is compressed, the amplitude 
of the spectral waveform increases significantly as a result, inferring 
that the non-visualised segment between the point of augmentation 
and the probe is patent. Although this is indeed the case in most 
circumstances, the presence of collateral vessels and segments of 
non-occlusive thrombus makes reliance on this technique in isola-
tion potentially misleading (Fig. 64.14).

Collateral veins
Collateral vessels develop as alternative pathways of venous drain-
age in cases of chronic thrombosis. They can reach sizes comparable 
with the native veins, although in most cases they are generally 
smaller. They can usually be differentiated from the normal venous 
system because they often occupy unusual anatomical positions. 
On spectral analysis they may have flat waveforms. When such 
collateral veins lie close to the normal position of the major veins, 
differentiation can be difficult.

Induction of pulmonary thromboembolism
Recorded cases of PTE following calf compression have been 
described,29 but these are rare. However, it is prudent to avoid such 

Figure 64.13 Duplicate vein. A: B-mode and B: colour flow scan showing a duplicated popliteal vein (thin and thick arrow). This is much 
more difficult to appreciate on the longitudinal view (C) where the veins lie side by side (thin and thick arrow). Very often this appearance is 
best appreciated on the transverse image.
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C
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Figure 64.14 Distal augmentation may be used to help 
determine whether a venous segment is patent. The results of this 
manoeuvre must never be interpreted in isolation from other 
diagnostic criteria as it can on occasion lead to a false negative 
result in the type of situations illustrated above, i.e. where there are 
alternative routes of venous return or the thrombus is 
non-occlusive.

A B

Pressure

C

shown that all the ultrasonically demonstrated thromboses were 
confined to the symptomatic limb but that the asymptomatic limb 
was normal within the entire study group.37 This has been con-
firmed in other studies which support this approach for outpatients 
with unilateral symptoms.38 In an inpatient, however, there is a 
higher risk of clinically silent contralateral thrombosis (34%), which 
is also seen in patients with an active malignancy (38%), and it is 
felt that these patients should have bilateral studies.38 Colour 
Doppler allows a clinical decision to be made in the vast majority 
of patients with symptoms suggestive of DVT. The sensitivity and 
specificity of the technique have been shown to be greater than 95% 
sensitivity and almost 100% for specificity; with a more recent sys-
tematic review showing a sensitivity of 96.4% and a specificity of 
94.3%.39 In addition, a negative scan has reassuringly been shown 
in long-term follow-up studies to be a very reliable indicator  
of normality with a serious risk of a major adverse event of less  
than 0.5%.40,41

Scanning of calf veins remains a more controversial topic as does 
treatment of calf vein thrombosis.42 Before distal imaging tech-
niques can be employed there is undoubtedly a learning curve and 
comparison with venography at the introduction of these tech-
niques would have been prudent. Unfortunately this is no longer 
possible, which makes learning of the technique difficult. There is 
no doubt, however, that when visualisation of the calf veins is sat-
isfactory, the sensitivity and specificity of the technique is similar 
to that for above-knee thrombus. Unfortunately, as the calf veins  
are only adequately visualised in 60–80% of patients at best,  
the accuracy of the technique is reduced for distal (calf vein) 
thrombosis.43,44

Given the difficulties and added time needed for calf vein study, 
many institutions employ an alternative imaging strategy to that of 
direct calf vein visualisation. In patients with a negative scan of the 
femoral and popliteal veins at the time of clinical presentation, a 
repeat colour Doppler scan can be performed at any time up to 7 

days. This second examination excludes or confirms the presence 
of proximal venous propagation of clot from a previously undiag-
nosed calf vein thrombosis;41 this may occur in up to 20% of thrombi 
confined to the calf vein in whom treatment is withheld.45 It also 
allows re-evaluation of any equivocal findings on the initial scan, 
although this is required infrequently. Increased resources are 
clearly necessary to adopt such a two-scan policy; in one study41 
1300 additional scans were required to detect a further 12 DVTs on 
the repeat study. Nevertheless, this has been shown to be a very 
safe approach, with a 3-month thromboembolic event rate of 0.6% 
in untreated patients.42

D-dimer testing has gained wide acceptance throughout the 
world as a screening test to exclude DVT. It is of particular use in 
the outpatient population referred to emergency departments with 
suspected DVT or pulmonary embolism. It has been shown repeat-
edly to have a very high sensitivity and therefore a very high nega-
tive predictive value of 99%.46,47 The negative predictive value alone 
is 98.4–99.3% for a normal rapid enzyme-linked immunosorbent 
assay (ELISA) VIDAS D-dimer test <500 ng/mL irrespective of 
clinical score. This increases to greater than 99% for a negative 
ultrasound when combined with either a negative SimpiRED test 
or ELISA VIDAS result of <1000 ng/mL.48 D-dimer is used in com-
bination with a clinical scoring system (the Wells score,49 Table 64.2) 
and based upon this assessment, further evaluation with ultra-
sound can be confirmed or discounted. In our institution a number 
of patients with a negative ultrasound will require a repeat ultra-
sound scan at about 7 days. Many departments will have very 
similar imaging schemes – it is often easier to appreciate how these 
tests interact by viewing a standard imaging pathway (Fig. 64.16).

High quality scanning is required if the impact of the colour 
Doppler technique is to be maintained. This will depend upon local 
practice. Some centres have promoted ‘limited three point scan-
ning’.41 This involves scanning the common femoral vein and pop-
liteal segments only, on the premise that some studies have shown 
that clot confined to the femoral vein, without simultaneous 
involvement of the popliteal or common femoral vein, is extremely 
rare at less than 3%.50 Another recent, prospective randomised 
study of two-point ultrasonography versus whole leg sonography 
on 2098 patients showed no difference in detection rates of DVT.51 
There were also no adverse events with up to 3 months of follow-up 
in those patients with negative studies. Although both techniques 
can be used safely, many people believe that any potential time gain 
with the limited techniques is minimal and that doing a complete 

Table 64.2 Wells clinical score

Score

Active cancer (treatment ongoing or within previous 6 
months or palliative)

1

Paralysis, paresis or recent plaster immobilisation of 
lower limb

1

Bedridden ≥3 days or major surgery <12 weeks 1
Localised tenderness along distribution of deep 
venous system

1

Entire leg swollen 1
Calf swollen ≥3 cm compared to asymptomatic leg 1
Pitting oedema (greater in symptomatic leg) 1
Collateral superficial veins (non varicose) 1
Previously documented DVT 1
Alternative diagnosis as likely or greater than that of 
DVT

−2

DVT unlikely if score <2
DVT possible if score ≥2
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Although the clinical application of ultrasound in asymptomatic 
patients is less certain, there have undoubtedly been significant 
improvements in both ultrasound technology and technique, so 
that re-evaluation of this patient group has shown improved results, 
with sensitivity values ranging from 60% to 93% being quoted.53,54

Chronic venous thrombosis

It is well recognised that following an acute DVT of the femoral and 
popliteal veins only approximately 50% of patients will completely 
recanalise their deep venous system by one year.55,56 In the remain-
ing 50% abnormalities will persist, often for many years following 
the initial episode. This, therefore, creates a difficulty in patients 
who present with signs and symptoms similar to the primary 
thrombotic event, representing a diagnostic imaging dilemma. 
Although there are specific ultrasonic patterns and criteria that may 
help differentiate acute from chronic venous thrombosis, the full set 
of classic features in combination is relatively rare (Table 64.3). The 
classic description of chronic thrombosis is that of a narrowed major 
vein, with thickened walls of increased reflectivity and multiple 
surrounding collateral vessels. Spontaneous colour flow is often 
reduced and may be absent, only being detectable following more 
distal compression. Reduced vein wall compressibility may also be 
present. Should this pattern be visualised, then chronic DVT is 

Figure 64.15 Pseudo-aneurysm. A: B-mode image of the popliteal fossa in a patient with lower limb swelling, worse below knee. This 
shows a large, thick, septated cystic collection (arrows). B: Colour flow image of the same area showing that the ‘cyst’ contains swirling 
flow and is actually a pseudo-aneurysm. Its source is the popliteal artery, the jet being easily visualised (arrow). C: On this image the 
pseudo-aneurysm is again easily visualised. The popliteal vein anteriorly is compressed (arrows) and presumably this accounts for the 
patient’s presenting symptoms of calf swelling.
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examination of the deep venous system is not significantly more 
time-consuming.

Asymptomatic DVT
Results are generally less impressive for detection of asymptomatic 
thrombus using colour Doppler than in the symptomatic patient 
group. Even in the best centres, sensitivity is significantly lower at 
38–80%, although specificity can still be maintained.

There are a number of well-recognised reasons for this. A large 
part of the difference in the sensitivity reflects the different patient 
populations being studied; the vast majority of the asymptomatic 
group are postoperative patients with, for example, hip or knee 
joint replacements. They are often immobile, have excessive soft 
tissue oedema and are likely to be on some form of anticoagulation 
regimen, which may influence the type of thrombus formed and 
hence its ease of detection. Previous venographic studies have 
shown that in many of these cases, thrombus may be confined to 
the calf, which is often reflected in the reduced sensitivity, whereas 
in other patients there may be small focal areas of non-occlusive 
thrombosis, which requires very careful and accurate technical 
assessment to identify (Fig. 64.17). This is reflected in some studies 
which show a sensitivity of only 10%, reflecting the large number 
of thromboses confined to the calf.52
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Figure 64.16 Decision algorithm for symptomatic patients with 
suspected lower limb DVT.

Possible DVT

Wells Clinical Score< 2 ≥ 2

D-dimer
≤ 500

D-dimer
> 500

D-dimer
≤ 500

D-dimer
> 500

DVT very unlikely
Discharge

Treat as DVT

Ultrasound leg

Negative Positive

Negative Positive

If initial D-dimer > 1000
or clinical score ≥ 2

or

If initial D-dimer < 1000
and clinical score < 2

Consider other diagnosis
Discharge to GP

Repeat ultrasound
at 5–7 days

DVT
confirmed

Figure 64.17 Non-occlusive thrombus. Longitudinal scan of the 
common femoral vein showing an area of focal non-occlusive 
thrombus. This is typical of localised focal thrombi and can be seen 
in postoperative hip replacement patients.

Clinical applications and role of venous ultrasound

• Alternative diagnoses may occur in up to 26% of positive studies 
for suspected DVT in symptomatic patients.

• Sensitivity and specificity of colour Doppler ultrasound for DVT 
diagnosis is >95% in the symptomatic patient.

• Most centres have an agreed algorithm combining clinical risk 
factors, D-dimer levels and ultrasound for the imaging of 
suspected DVT.

• Repeat ultrasound will be performed on a selected group of 
patients with an initial negative ultrasound study within 5–7 days 
of initial presentation depending on local protocol.

• There is a significant reduction in ultrasound sensitivity in the 
evaluation of asymptomatic DVT.

Table 64.3 Differentiation of acute from chronic venous thrombosis

CRITERIA ACUTE DVT CHRONIC DVT

Complete recanalisation Partial recanalisation

Intraluminal echoes Present Absent Present
Thrombus characteristics Low echoes – Variable
Venous distension Present Absent Variable
Collateral vessels None, few Variable Variable
Spontaneous flow Absent Reduced Reduced
Augmented flow Absent Normal Reduced
Vein wall thickening Absent Present Absent
Response to probe 
compression

Absent Normal or slightly reduced Markedly reduced

strongly suggested (Fig. 64.18). Unfortunately, for most patients 
there remains an overlap of both acute and chronic thrombotic 
ultrasonic features.55 In essence, therefore, the presence of reflective 
material within the lumen, a reduction in spontaneous flow and 
incomplete vein compressibility is as likely to be due to chronic as 

acute DVT, all of which adds to the difficulty of imaging the post-
phlebitic limb (Fig. 64.19).

Attempts have been made to age the thrombus based on its reflec-
tivity. However, the experiences of others would suggest that these 
attempts are largely futile.57 It has also been suggested that a 
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Figure 64.18 Chronic venous thrombosis. A: Longitudinal colour flow scan of the mid femoral vein showing incomplete vein filling 
with small areas of flow reversal and the suggestion of intraluminal echogenic material. B: B-mode image of the same area clearly 
demonstrating echogenic material within the vein lumen. C: Colour flow image of the same vein more distally (arrow) showing a very similar 
appearance to that in A and B. This appearance of mixed flow and echogenic material is seen typically in patients with chronic venous 
thrombosis undergoing recanalisation.
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Figure 64.19 A: Longitudinal scan through the distal femoral vein in a patient with lower limb symptoms. The vein, if anything, is of slightly 
reduced calibre with clear evidence of wall thickening (arrows) suggestive of chronic change. B: Longitudinal scan in the same patient of 
the popliteal vein. The vein is slightly distended and contains three areas (arrows) of non-occlusive thrombus with flow along the near wall 
of the vein. The appearances are highly suggestive of acute DVT superimposed on chronic change (above knee).

A B
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Figure 64.20 Anatomy of the upper limb venous system.
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Table 64.4 Upper limb thrombosis: predisposing factors

Traumatic

Venous catheterisation
Fracture dislocation of clavicle or 
first rib
Irritants: Contrast agents

Chemotherapy
Stress (effort) thrombosis

Spontaneous

Idiopathic
Secondary to: Congestive cardiac failure

Malignancy
Coagulopathies

baseline scan at 6 months after the initial thrombosis would allow 
comparison with any later scans and potentially be of use; however, 
this has generally not been adopted clinically, not least because the 
additional workload implications would be significant.

In conclusion, patients with previous venous thrombosis repre-
sent significant diagnostic dilemmas. A normal scan is clearly 
helpful; one with venous or multiple venous abnormalities must 
be interpreted with care and ultimately not in isolation from the 
clinical information. Alternative techniques including venography 
and isotope scanning are also of similarly limited use in this group 
of patients. D-dimer estimation may have a role in this difficult 
patient group. One recent study of 105 outpatients with clinically 
suspected acute recurrent lower limb deep vein thrombosis  
demonstrated that in patients with an unlikely clinical probability 
and negative D-dimer the negative predictive value for DVT was 
94.4%.47

Monitoring of clot lysis
Non-invasive ultrasound could be of use in monitoring the thera-
peutic response in venous occlusive disease. Reports of faster and 
more complete clot lysis in patients with non-occlusive thrombosis 
than in those with occlusive disease have been published.58 Although 
standard therapy involves the use of heparin (or its analogues) and 
oral anticoagulants, such as warfarin, alternative treatment regi-
mens do exist and it is not unusual for patients to receive subcuta-
neous heparin as their entire treatment regime. Alternative 
treatment options depending on the site of thrombosis include 
streptokinase, urokinase or tissue plasminogen activator (TPA);  
this is often reserved for patients with conditions such as superior 
vena cava obstruction, which is often secondary to malignant 
compression.

Ultrasound microbubbles
Microbubble contrast agents are now playing an increased role in 
many areas of ultrasound, in particular in the evaluation of focal 
liver lesions and also to a lesser extent in other areas, such as the 
kidney and vascular tree. Recent European guidelines59 have sug-
gested a number of areas in which these agents may play a clinically 
useful role but the diagnosis of venous thromboembolism has not 
been included and this may reflect the high quality of the conven-
tional colour Doppler scan. One small reported trial using such a 
microbubble agent identified some free-floating thrombus in seven 
of nine patients which had not been visualised on conventional 
scanning.60 However, current practice suggests that the use of 
microbubbles in the assessment of deep vein thrombosis is not 
particularly valuable.

One of the potential exciting developments for the future is the 
possibility of tagging a microbubble contrast agent with labelled 
fibrinogen which would accumulate at the site of thrombosis. 
Microbubbles could also be labelled with tissue plasminogen acti-
vator, so that when the microbubbles are destroyed with the ultra-
sound beam, TPA is released and the process of lysis begins.61 A 
decade ago such possibilities were largely theoretical but a lot of 
development work is underway and undoubtedly a number of 
these therapeutic options will be introduced within the next ten 
years.

UPPER LIMB VENOUS IMAGING

Upper limb DVT is relatively uncommon, accounting for only 1–2% 
of venous thrombosis.62 Many predisposing factors are recognised 
(Table 64.4) but the most common is related to recurrent central 
venous catheterisation. As in the lower limb, conventional upper 
limb venous anatomy is well recognised (Fig. 64.20), although vari-
ations may occur.

Diagnostic criteria

Excellent anatomical detail can still be observed on real-time 
imaging alone (Fig. 64.21) and the colour Doppler technique is 
similar to that used for the lower limb. With experience, the appear-
ance of thrombosis is normally apparent and this is the only practi-
cal criterion used.63 Prior to colour Doppler ultrasound, patients 
were asked to perform various manoeuvres such as sniffing or 
Valsalva and the response of the Doppler waveform and vein were 
observed. These manoeuvres are now essentially historical.64,65

The main difference between imaging the upper and lower limb 
veins is that the Doppler waveform in the upper limb veins is much 
more pulsatile because of its relative proximity to the heart and the 
influence of the right heart contractions on the Doppler spectral 
tracing (Fig. 64.22). It is therefore possible for those unfamiliar with 
these fluctuations to confuse this venous waveform with that of the 
artery, although for experienced operators this is unlikely.
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it can be difficult to detect stenosis of a vein which may occur fol-
lowing multiple venous catheterisations. These lesions lie beneath 
the clavicle in up to 40% of patients and can therefore be difficult 
to visualise with ultrasound.63 Therefore if a stenosis is to be con-
clusively excluded prior to a procedure, such as fashioning a 
haemodialysis fistula, then one of the alternative imaging tech-
niques is preferred.

Limitations with regard to the upper limb are those of any ultra-
sonic technique; oedema and obesity may be a challenge in some 
studies. In spite of these limitations, colour Doppler ultrasound 
remains an extremely useful technique, not only in the detection of 
upper limb thrombosis, but also in the mapping of venous access 
sites prior to central line insertion procedures. Where findings are 
equivocal and clinical suspicion remains high, then an alternative 
imaging technique will be required.68

The presence of an arteriovenous fistula, either traumatic or sur-
gical, will alter the haemodynamics in the upper limb. The arterial 
waveform becomes monophasic rather than triphasic and venous 
flow has a very pulsatile and arterialised character. A colour 
Doppler tissue bruit may be observed within the soft tissues  
secondary to transmitted wall vibrations.69 Observation of these 
ultrasonic findings suggests the diagnosis. Further details on 
haemodialysis fistulae are discussed in Chapter 63.

In addition to its diagnostic role, ultrasound can be used for 
guiding the insertion of central lines such as Hickman and dialysis 
lines. The preferred route, where possible, is via the internal jugular 
vein due to the reduced incidence of pneumothorax when com-
pared with the subclavian approach. Given the superficial position 
of this vein, it is easily visualised with a high-frequency probe and 
the needle tip easily identified, enabling the puncture needle to be 
inserted into the vein lumen with minimal trauma and avoiding 
inadvertent puncture of the adjacent carotid artery.

IMAGING OF SUSPECTED PULMONARY 
THROMBOEMBOLIC DISEASE

Many differing algorithms have been suggested for using colour 
Doppler ultrasound in the diagnosis of pulmonary thromboembolic 
disease, but the introduction of CT pulmonary angiography, with 
or without delayed scanning through the proximal femoral veins, 
has made this less of an issue. As a result, venous ultrasound does 
not play a primary role in the diagnosis of pulmonary embolus and, 
if it is used, then this is further down the main investigative pathway 
and only applies to a relatively small proportion of patients.

Only the axillary and subclavian veins need be assessed in 
patients with symptoms that may be attributable to DVT. The inter-
nal jugular vein can also be visualised with ultrasound, which is a 
major advantage over upper limb venography, particularly if 
venous access sites are being sought.66 The limitations of ultrasound 
are that it can, at best, only visualise the proximal innominate vein, 
the distal innominate vein and superior vena cava being ultrasonic 
blind spots. Loss of cardiac pulsatility on spectral Doppler may 
suggest proximal occlusion but if a central site of thrombosis is 
suspected clinically, then CT, magnetic resonance or contrast 
venography would be preferred for assessment.

Colour Doppler ultrasound is a good first-line assessment in 
patients with suspected thrombus in the axillary or subclavian 
veins with both a high sensitivity and specificity of 78–100% and 
82–100% respectively67 (Fig. 64.23); it can also provide clinically 
useful information on the patency of the internal jugular veins. 
Although this technique is suitable for the diagnosis of thrombosis, 

Figure 64.21 Longitudinal greyscale image of the subclavian 
vein. A small valve leaflet (arrow) can just be visualised.

Figure 64.22 Spectral Doppler trace of the subclavian vein 
showing a more pulsatile venous waveform. Both forward and 
reverse flow are normally appreciated. This is normal and should 
not be confused with that of the accompanying artery. These 
variations are related to right heart contractions and tricuspid valve 
closure.

Figure 64.23 Colour flow image showing a dilated subclavian 
vein (arrows) with thrombus and surrounding peripheral flow 
consistent with a subclavian vein thrombosis.
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VENOUS INCOMPETENCE

Venous anatomy

Anatomical venous nomenclature has varied widely; recent publi-
cations have attempted to reach a consensus72 and describe the 
anatomy as demonstrated by ultrasound.73

The superficial system consists of the great and small saphen-
ous veins and their tributaries, which are connected to the deep 
veins by a network of perforator veins. The great saphenous vein 
(GSV) starts anterior to the medial malleolus, courses upwards 
along the medial aspect of the calf; a posterior division joins the 
main vein below the knee joint. The main trunk then continues 
up the medial aspect of the thigh and joins the common femoral 
vein at the saphenofemoral junction (SFJ) at the level of the groin 
skin crease. Several other veins join the great saphenous vein 
close to the junction including the anterior and posterior acces-
sory saphenous veins (Fig. 64.25). Distally, the small saphenous 
vein (SSV) originates posterior to the external malleolus and then 
runs along the posterior aspect of the calf, usually joining the 
popliteal vein at the saphenopopliteal junction (SPJ) about 4 cm 
above the knee crease. However, the presence and level of the SPJ 
can vary and the SSV may continue superiorly and terminate in 
the thigh as a superficial or perforating vein, or join with the GSV 
in the medial thigh (Giacomini vein) (Fig. 64.26). The two saphen-
ous veins are connected by communicating branches in the upper 
calf. There is a third, usually much smaller, lateral superficial 
venous system which is usually only investigated when obviously 
varicose.

Perforating veins connect the superficial and deep veins. They 
are more numerous below the knee than above and are more  
commonly found medially in the calf and thigh. Normal  
venous drainage, promoted by competent valves, is from the super-
ficial to the deep system via the saphenous junctions and perforat-
ing veins.

Figure 64.24 Pulmonary thromboembolism. A: Axial CT pulmonary angiogram showing filling defects in the left main pulmonary artery 
and lower lobe vessel and the right hilar segmental vessels (arrows) consistent with PTE. B: A sagittal section through the left hilum and 
lung showing extensive PTE involving the left pulmonary artery and multiple lower lobe vessels (arrows).

A B

Other applications of venous ultrasound

• Venous abnormalities persist on ultrasound in up to 50% of 
patients with DVT for a year or greater.

• Acute DVT can be difficult to differentiate from chronic disease 
with ultrasound in some cases.

• To date microbubble contrast agents play no role in venous 
imaging.

• Colour Doppler ultrasound is the first-line test for suspected 
axillary and/or subclavian vein thrombosis.

• In patients presenting with suspected PTE, ultrasound has a 
limited role.

There is no evidence to support the universal use of venous 
ultrasound in patients with suspected pulmonary embolus, as nega-
tive results do not exclude embolism. Indeed, previous studies have 
shown that 50% of patients with high probability ventilation/
perfusion (V/Q) isotope lung scans have no detectable evidence of 
lower limb deep vein thrombosis.70 There is some evidence that a 
non-invasive approach to pulmonary thromboembolic disease may 
still be worthwhile. One study71 suggested that a combination of 
clinical probability, D-dimer and complete bilateral lower limb 
ultrasound resulted in a significant reduction in the number of CT 
scans. However, since that study was performed, the widespread 
introduction of multislice CT with a negative predictive value of 
>99%48 makes many of these more complicated algorithms less 
relevant.

The current investigation pathway for pulmonary thromboem-
bolic disease therefore includes a combination of D-dimer blood test 
with CT pulmonary angiography (Fig. 64.24) and venous ultra-
sound is reserved only for relatively few patients in whom a diag-
nosis remains an issue. In those patients who have a V/Q scan as 
a primary investigation and have an indeterminate result, any 
potential role of venous ultrasound has been usurped, the clinical 
question being resolved by CT pulmonary angiography.
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Chronic venous insufficiency

Background
The signs and symptoms of venous incompetence are due to venous 
valve failure permitting retrograde venous flow and causing raised 
distal venous pressure. This may be due to primary valve failure 
and can occur in the superficial or deep systems or a combination 
of both. Secondary incompetence is usually found after a deep vein 
thrombosis and subsequent recanalisation. A further relevant long-
term sequela of thrombosis is chronic outflow obstruction which 
increases resistance to venous flow from the limb. Long- 
term incompetence, outflow obstruction or a combination of the 
two can result in swelling and ulceration characteristic of the post-
phlebitic limb.

The signs and symptoms that result from venous incompetence 
range from none whatsoever through telangiectasia to active ulcer-
ation. There is a hierarchy of symptoms which is incorporated into 
a classification system known as the Clinical-Etiology-Anatomy-
Pathophysiology (CEAP) classification.74 The lowest score, C0, 
describes no visible or palpable signs of disease followed by  
telangiectasia and reticular veins, varicose veins, oedema, skin  
pigmentation and eczema, lipodermatosclerosis, healed ulcer  
and finally C6 active ulceration (Table 64.5).

The prevalence of venous disease varies according to studies and 
populations. The Edinburgh vein study75 examined a random 
sample from the general population. It found venous reflux can be 
present in the absence of varicose veins. Varicose veins were found 
in 14% of women aged around 30 years and in 51% aged around 60 
years. Unusually, the prevalence was found to be slightly greater in 
men. It may be that the prevalence in males is changing, or previous 

Figure 64.25 The saphenofemoral junction and the proximal 
great saphenous vein with its main tributaries.
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Figure 64.26 The variable anatomy associated with the small 
saphenous vein shown in a posterior view of the right leg. The 
SSV may terminate at the saphenopopliteal junction (SPJ) or 
continue (with or without an insertion at the SPJ) to the thigh 
extension vein terminating in the thigh. If it continues further to the 
GSV it is known as the Giacomini vein.
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Table 64.5 The Clinical-Etiology-Anatomy-Pathophysiology 
classification (CEAP) (from Eklöf B, et al.74)

Clinical Etiology

C0: no visible or palpable signs 
of venous disease

Ec: congenital

C1: telangiectases or reticular 
veins

Ep: primary

C2: varicose veins Es: secondary 
(post-thrombotic)

C3: oedema En: no venous cause identified
C4a: pigmentation or eczema
C4b: lipodermatosclerosis or 
atrophic blanche
C5: healed venous ulcer
C6: active venous ulcer
Each category can be classified further as symptomatic (S), or 
asymptomatic (A):

Anatomical Pathophysiological

As: superficial veins Pr: reflux
Ap: perforator veins Po: obstruction
Ad: deep veins Pr,o: reflux and obstruction
An: no venous location 
identified

Pn: no venous pathophysiology 
identified

Advanced CEAP classification

This is the same as the basic CEAP but with the addition that 
any of 18 named venous segments can be used as locators for 
venous pathology
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not possible then a degree of head-up tilt can be applied for the 
bed-bound patient. The infirm but mobile patient can sit on the 
edge of a raised couch with their feet on the floor.

Equipment

The examination is best performed using a linear transducer with 
a frequency of 5–9 MHz. Examination of the superficial veins 
requires less penetration than for the deep veins and high sensitiv-
ity to low flow velocities is desirable. The final choice of transducer 
depends on the size of the patient and whether deep or superficial 
veins are being examined.

Identification of anatomy

The key to a successful venous examination is the correct identifica-
tion of anatomy with ultrasound. The main trunks of the great and 
small saphenous veins lie within a fascial envelope which has a 
typical appearance on ultrasound sometimes referred to as an 
‘Egyptian eye’ (Fig. 64.27A). Tributaries, branches and perforators 
to the two main saphenous trunks lie outside this fascial sheath and 
superficial to the deep fascia (Fig. 64.27B). The recognition of the 
deep fascia on the real-time image is therefore crucial in correctly 
identifying the superficial veins.

studies may have overestimated the prevalence in women due to 
poor or biased sampling.

Investigation of venous reflux
Duplex ultrasound scanning has become the standard test for 
venous incompetence and has added to our knowledge of the vari-
ations in venous anatomy and pathology.72 Continuous wave 
Doppler ultrasound can be used to assess reflux but has the draw-
back that little anatomical information is provided, as the exact vein 
insonated is not reliably known. Previously, venography with tour-
niquets was used to assess incompetence and direct injection of 
contrast (varicography) was used to illustrate local venous anatomy, 
especially at the saphenopopliteal junction.

Photoplethysmography measures changes in local skin blood 
volume at ankle level. With superficial venous flow controlled by 
tourniquets, this technique provides an estimation of the level of 
incompetence and involvement of the deep or superficial systems, 
giving comparable results to direct pressure measurements.76

The physiological gold standard remains ambulatory venous 
pressure measurement; also used with tourniquets, it measures 
distal venous pressure via a cannulated dorsal foot vein.77

Colour duplex ultrasound examination
Real-time ultrasound provides precise identification of the variable 
venous anatomy and colour Doppler imaging, together with spec-
tral Doppler, provides evidence of venous reflux in the deep and 
superficial veins. The aim of the examination is to provide informa-
tion as to the exact site of venous reflux, which may be related to 
the deep or superficial veins, a specific venous confluence, perfora-
tor veins, or a combination of these. Ultrasound is used as a primary 
diagnostic technique, prior to surgery and more recently during less 
invasive varicose vein treatments.

Technique

Patient position

Ideally the patient is investigated standing, in order to fill the leg 
veins and promote venous reflux in the presence of incompetent 
valves. A degree of weight-bearing will improve the repeatability 
of the examination. The patient should be asked to put their weight 
on the contralateral limb whilst slightly bending the examined limb 
at the knee and keeping the foot and heel flat on the floor. If this is 

Figure 64.27 Transverse section of a small saphenous vein. A: The vein between the superficial and deep fascia (arrows). B: SSV 
with a subcutaneous tributary which lies outside the fascial sheath (large arrow) and a smaller tributary which runs for a short distance 
inside the sheath (small arrow) before inserting into the SSV.
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Ultrasound and venous incompetence

• The signs and symptoms of venous incompetence are due to 
valve failure, which permits retrograde flow known as venous 
reflux.

• The symptoms of venous incompetence are described and 
graded using the Clinical-Etiology-Anatomy-Pathophysiology 
classification (CEAP).

• Duplex ultrasound is the standard test for venous incompetence 
and is used to locate the exact site of reflux.

• The patient should preferably be investigated standing in order to 
promote venous filling and demonstrate any reflux flow.

• The examination is best performed in the transverse scan with 
colour flow used to identify venous reflux.

• Reflux is best produced by manual muscle compression followed 
by its rapid release.

• A duration of greater than 0.5 seconds is used to define 
significant reflux.
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Figure 64.28 A perforating vein penetrating the fascia (large 
arrow) and lying on the deep fascia (small arrows). Perforators may 
be simple as in this case, or more complex with an intramuscular 
branch deep and close to the site where it penetrates the fascia.

vice versa. This apparent movement of the vein image with trans-
ducer movement is an invaluable aid to perforator identification 
and in tracing the course of veins.

The great saphenous vein may be duplicated with two veins 
within the saphenous sheath, or there may be additional commu-
nications with accessory veins distally in the thigh or upper calf. If 
a Giacomini vein is present, this provides another communicating 
pathway between the great and small saphenous systems. The mul-
tiple venous connections found in the leg have implications when 
identifying the true source and exact path of reflux flow prior to 
treatment.

The examination is best performed in the transverse plane, as this 
helps ensure all veins are located and identified. When scanning 
transversely, optimal images of the vein wall will be achieved with 
the ultrasound beam orthogonal to the vein wall; however, optimal 
colour flow images require physical angulation of the transducer to 
ensure that there is an angle between flow direction and the ultra-
sound beam (Fig. 64.30).

Quantifying venous reflux

Venous reflux is best produced by squeezing the calf muscle, slowly 
and firmly, and then rapidly releasing the grip. This has the effect 
of emptying the compressed calf veins and creating a potential 
venous volume that can be filled on release of compression either 
normally from the more distal veins, or rapidly by retrograde flow 
if there are incompetent proximal valves. Care should be taken to 
compress the bulk of the muscle and not merely pinch the skin, 
which is both painful and ineffective (Fig. 64.31). The thigh and foot 
can be similarly compressed. Usually compression is applied distal 
to the site of insonation and the resultant flow observed on release 
of compression. It is possible and sometimes useful, e.g. with calf 
perforators, to compress and release proximal to the insonation site 
and observe the effect on flow. If the competence of pelvic veins 
must be established or if the calf is incompressible due to oedema 
or gross lipodermatosclerosis, then other methods must be used to 
induce flow/reflux. A Valsalva manoeuvre may be the only alterna-
tive although ill, bed-bound patients may have difficulty producing 
sufficient force. The converse is the over-enthusiastic patient, in 
whom a vigorous Valsalva can produce reflux in veins which are 
probably competent under normal physiological conditions. Cuff 
inflation systems are available to provide reproducible pressures 
for research studies but these tend to be time-consuming and cum-
bersome in routine clinical use.

A colour Doppler scan in the transverse plane can be used to 
distinguish between normal flow direction with no reflux and 
obvious reflux (Figs 64.32 and 64.33). If a permanent record of reflux 
is required or if quantification of reflux is required in the case of 
borderline findings, then a spectral Doppler trace of the flow 
recorded should be taken (Fig. 64.34).

A commonly used discriminant value for abnormal reflux is 
>0.5 s.78 However, reliable quantification of reflux is problematic as 
it is dependent upon a number of factors including venous pressure 
and tone. For example, at the end of the day venous tone is reduced 
and previously competent veins may appear incompetent. Also it 
is not unusual to observe quite normal veins quickly becoming 
incompetent if the patient begins to feel faint with associated 
vasodilatation and loss of venous tone. It should be remembered 
that colour and spectral Doppler are velocimetric and not volume 
flow measurements; the volume of any observed reflux will depend 
on the diameter of the vessel investigated and the duration of the 
reflux.

Sources of superficial reflux

Successful treatment depends upon identifying the ultimate source 
of reflux. This is straightforward in cases of saphenofemoral junc-
tion incompetence to the great saphenous vein and saphenopop-
liteal incompetence to the small saphenous vein. In the latter case, 

The perforating veins run from the superficial to the deep veins, 
passing through the deep fascia (Fig. 64.28) and connecting the two 
systems. They tend to lie along the course of the main saphenous 
trunks (Fig. 64.29) and are most easily identified by scanning trans-
versely along the deep or superficial vein. A fairly rapid transducer 
movement, whilst concentrating on the vein scanned, will show the 
perforating veins passing from deep to superficial on the image or 

Figure 64.29 Common sites of perforating veins which are 
usually but not invariably close to the GSV and SSV. Note the 
lateral thigh perforator, which may be the source of lateral thigh 
varicose veins.
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Figure 64.30 An angle between the ultrasound beam and blood flow direction is necessary in order to detect flow (which may be 
low velocity). In a longitudinal scan (A) the beam is steered electronically whilst in a transverse scan (B) the transducer must be physically 
angled.
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the level above the knee crease and orientation (deep, superficial, 
lateral or medial insertion) of the small saphenous vein confluence 
with the popliteal vein should be reported. However, there may be 
multiple sources of reflux, from the saphenous vein junctions and/
or from perforating veins. Varicose veins may show reflux from an 
unlikely source such as subcutaneous collaterals between the great 
and small saphenous systems, or a Giacomini vein. The source and 
pattern of reflux should be identified by tracing the anatomical 
pathway from the varicose veins back to their superficial and deep 
vein source(s).

Recurrent venous incompetence after varicose vein surgery may 
result from neovascularisation, whereby small collateral veins form 
a connection from a source of reflux to a vein remnant or varicose 
veins (Fig. 64.35). At the saphenofemoral junction, the source may 
be from the site of the junction, or from superficial or deep tributar-
ies to the junction, or the great saphenous vein close to the junction 
(Fig. 64.36A–D). A further common source of recurrent reflux is a 
thigh perforating vein that communicates with a remnant of the 
main saphenous trunk (Fig. 64.36E). In the calf, incompetent medial 
perforating veins are sometimes found in association with recurrent 
varicose veins, or a non-healing ulcer. Other scenarios include new 
reflux from a previously competent vein and local superficial reflux 
with no identifiable deep source.

Treatments for venous incompetence

The usual treatment for deep venous incompetence is compression 
stockings or, in the case of ulceration, multilayer compression band-
aging. Superficial reflux can be treated with conventional surgery. 
Commonly, this involves flush ligation of the saphenofemoral junc-
tion and stripping of the great saphenous vein.

There are now newer less invasive treatments available with the 
potential advantages of a rapid recovery for the patient and the 
absence of surgical incisions. They also avoid the surgical  
exposure and ligation of the saphenous junctions, which itself may 
contribute to neovascularisation and recurrence. These procedures 
include ablation of the main saphenous trunk using sclerosant 
foam, endovenous laser treatment (EVLT) and radio-frequency 
ablation.

Ultrasound is used during foam sclerotherapy to guide the injec-
tion of foam and compress the vein. In endovenous ablation,  
cannulation of the vein and the passing of a guidewire and a 
catheter-mounted ablation device is performed under ultrasound 
guidance. These catheter-based ablation techniques require an injec-
tion of local anaesthetic to provide anaesthesia, thermally insulate 
the treated vein from surrounding tissues and move the vein deeper 
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Figure 64.31 A: An ineffective approach to generating reflux. B: Compressing the bulk of the muscle empties the veins efficiently.

A B

Figure 64.32 Longitudinal colour flow scan of the saphenopopliteal junction (arrow). A: Normal flow (blue) on calf compression in 
the popliteal vein (PoV) and SSV. B: Reflux flow (red) on release of compression in the SSV with an area of blue disturbed or helical flow. 
There is no colour flow in the distal popliteal vein (PoV dist), indicating no reflux. In the proximal popliteal vein (PoV prox) there is poor 
colour filling (red) due to the larger diameter and lower velocities in the popliteal vein compared with the SSV.

A B



CHAPTER 64 • Peripheral veins

1248

Figure 64.33 Reflux in a transverse scan at the 
saphenofemoral junction. The red is reflux flow, across the 
junction, towards the transducer from deep to superficial vein. CFV, 
common femoral vein.

Figure 64.34 Normal cephalad flow produced with calf 
compression distal to point of insonation. On release of 
compression, the top trace shows reflux flow, towards the 
transducer, above the baseline; the lower trace shows no reflux 
flow but a short period of reverse flow less than 0.5 s in duration.

Figure 64.35 Recurrent saphenopopliteal reflux. 
Neovascularisation has formed small veins (arrow) that supply reflux 
from the popliteal vein to the SSV, which is not in the image.  
PoA, popliteal artery; PoV, popliteal vein.

Figure 64.36 Common sources of recurrent saphenofemoral incompetence. Compare this figure with the presurgical appearance of 
the junction in Figure 64.25. A: Intact junction after failed surgery. B: Neovascularisation from the site of the junction to GSV remnant or 
accessory vein. C: Pudendal or medial tributary. D: Superficial abdominal veins. E: Medial thigh perforating vein.

A B C D E

from the skin. The injection of fluid also reduces the vein diameter, 
squeezing out blood and ensuring a close fit between the vein wall 
and the device. The injection is performed under ultrasound guid-
ance when the cannulated vein is visualised and the injected anaes-
thetic agent is imaged in the surrounding tissue. The surgeon, when 
trained, is usually best placed to simultaneously perform the ultra-
sound and procedure.

Studies have shown that the new procedures have a good outcome 
with comparable results to surgery but their relative merits should 
be assessed for the individual patient and type of varicose vein.79,80 
One drawback of the newer procedures is that there is, as yet, no 
information on their relative long-term performance compared with 
traditional methods. The success and outcomes for all of these pro-
cedures can be assessed using ultrasound.

PRE-ARTERIAL BYPASS VEIN MAPPING

A further use of superficial vein ultrasound scanning is to assess 
and mark veins prior to coronary artery or leg artery bypass proce-
dures. Vein diameter and usable length can be assessed and the 
presence of tributaries and perforators identified. The ipsilateral 
great saphenous vein is the first choice for most leg artery bypass 
procedures. However, the contralateral vein can be used, if required, 
as can the small saphenous vein or superficial arm veins.
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INTRODUCTION

It is now over fifty years since ultrasound was first used to demon-
strate intracranial pathology, when an A-mode device was used to 
demonstrate shift of the cerebral midline.1 Thirty years have elapsed 
since real-time B-mode scanning of the infant brain via the anterior 
fontanelle became a possibility, allowing detailed ultrasound evalu-
ation of structural brain abnormalities.2–4 The development of port-
able units followed shortly after and facilitated the explosion of 
literature regarding the use of ultrasound in the characterisation of 
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the cerebral and ventricular complications of prematurity which 
occurred during the 1980s. In the late 1980s and early 1990s, the 
value of Doppler ultrasound for assessing intracranial vasculature 
and cerebral haemodynamic changes was demonstrated.5

From the mid-1990s the literature regarding neuroimaging in 
neonates has been dominated by studies of magnetic resonance 
imaging (MRI), and it is clear that appropriately performed MRI 
has exquisite sensitivity for many of the pathological states of the 
neonatal period, such as ischaemia and haemorrhage. While 
advances in cranial ultrasound over the past fifteen years may not 
have been as spectacular as in the field of MRI, there have been 
steady improvements in scanner technology, leading to significant 
improvements in image quality.

Cranial ultrasound (CUS) remains an extremely important neu-
roimaging technique in infants, and the technique is well estab-
lished as providing clinically important information in a convenient 
and safe bedside environment. Although the safety issues associ-
ated with transferring neonates to an MRI scanner have been  
partially ameliorated by the development of MRI compatible moni-
toring and incubator systems, ultrasound remains the first line in 
the assessment of the unwell or haemodynamically unstable 
neonate. Additionally, cranial ultrasound is established for a wide 
range of indications beyond the neonatal period. Concern about the 
health risks associated with ionising radiation in the very young 
has focused attention on alternatives to computed tomography 
(CT). The potential applications, advantages and limitations of 
ultrasound are discussed in this chapter. Recognition of the weak-
nesses of the technique, as well as its strengths, is important in order 
to maintain the rightful place of ultrasound in the investigation of 
neurological problems in this age group.

TECHNIQUE AND ANATOMY

Technique

Scanning in the neonate requires a 5–8 MHz sector probe for visu-
alisation of the whole of the brain. High-frequency (8–17 MHz) 
sector, curved or linear array probes are excellent for demonstrating 
the superficial extracerebral spaces and to delineate the sulcal 
pattern and corticomedullary regions in the near field.6,7 Focal zones 
should be adjusted to optimise visualisation in the near, mid and 
far fields.

Premature babies can be examined within the incubator with 
minimal disturbance, and reduction in image quality due to move-
ment is unusual due to the relative immobility of premature infants. 
In term neonates and in infancy, excessive movements may hamper 
the examination, in which case feeding before or during the inves-
tigation may help to reduce movement. A cine-loop facility is of 
particular value in older infants, enabling an optimal image to be 
‘grabbed’ from a short segment of real-time scanning.

Routine cranial ultrasound examination via the anterior fonta-
nelle allows evaluation of the majority of the infant brain, and 
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fontanelles,11,12 the foramen magnum,13 or through the sutures. 
When required, specific information regarding the evaluation of 
blood or cerebrospinal (CSF) flow requires the use of Doppler 
ultrasound.

Technical problems that may be encountered include over-riding 
of sutures due to birth moulding, which can significantly narrow 
the anterior fontanelle, a small or prematurely closed fontanelle, 
and a large amount of thick hair over the fontanelle. These problems 
may be overcome by insonating with a lower frequency or if  
necessary using one of the alternative acoustic windows as indi-
cated above.

Meticulous attention to detail is required when scanning to 
ensure correct identification of landmarks and alignment of the 
probe during scanning. Radiological convention for image display 
is employed, such that the coronal images are viewed with the right 
side of the brain on the left side of the display. Sagittal images are 
displayed with the anterior structures to the left side of the display. 
Side markers should always be included on the recorded images, 
and care should be taken to make sure these are correct. Standard-
ised positioning of the patient will help to minimise labelling errors 
and reduce artefactual variability in images on serial scanning. At 
our institution the infant is scanned with the head in the lateral 
position with right cheek to the cot (Fig. 65.2), unless the infant’s 
clinical condition prohibits positioning in this way.

Scanning conditions can make a significant impact on the quality 
of the images obtained. If the CUS is undertaken in a well-lit or 
bright environment, the gain settings will be inappropriately set, 
resulting in excessively bright stored images. As a matter of routine, 
room lighting should be decreased to a tolerable minimum,  
especially within the neonatal unit when the quality of imaging  
can often be paramount when evaluating subtle parenchymal 
abnormalities.

includes an assessment of the anatomical structures and locations 
where the frequently seen pathologies commonly occur. The brain 
is scanned in the sagittal and coronal planes via the anterior fonta-
nelle and representative images are recorded.

Exact protocols for the standard views required vary from insti-
tution to institution, but the use of the same protocol for serial 
scanning allows direct comparison of images and the evaluation of 
evolving pathology between studies. Although a series of standard 
images is recorded, the scan is performed as a continuous real-time 
study and the structures between the standard views should be 
carefully scrutinised for the presence of pathology, and if identified 
the findings should be stored as images for future reference.

The routine views form a ‘fan’ pivoting around the window 
provided by the fontanelle (Fig. 65.1). Although referred to as sagit-
tal and coronal images, only the midline sagittal image is truly 
sagittal, and the posteriorly angled coronal views more closely 
resemble the axial plane used in computed tomography. The brain 
and extra-axial spaces lying in the high convexities of the frontal 
and parietal regions are difficult to evaluate via the anterior fonta-
nelle. Views of these areas can be improved by off-centring the 
angulation of the probe on the anterior fontanelle. When specific 
detail is required of the near-field structures, changing to a high-
frequency linear array transducer will provide much more detailed 
information about the extra-axial spaces, surface vessels and brain 
surface. However, an appreciation of the relative blind spots  
is important to the understanding of the limitations of cranial 
ultrasound.

Routinely obtained views should be supplemented by additional 
views to evaluate other brain areas or structures as required.8 The 
choice of additional views is dictated by the clinical scenario and to 
a certain extent by the skill and experience of the operator, but may 
include scanning via the posterior9,10 or mastoid (posterolateral) 

Figure 65.1 Technique of trans-fontanellar scanning. A: Coronal, B: Sagittal.
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Around the ventricles are situated solid structures which are 
important both anatomically and pathologically. The caudate 
nucleus, specifically the head, lies directly beneath the anterior horn 
of the lateral ventricle, forming its inferior border. Between the 
caudate nucleus and the anterior horn lies the germinal matrix, 
although this structure is not directly visualised by ultrasound.  
The caudothalamic groove or notch forms a variably echogenic 
linear marking between the head of the caudate nucleus and the 
thalamus below.

The normal ventricular size has been extensively investigated 
using axial, coronal and sagittal measurements, and compared with 
equivalent measurements made by CT and MRI (Table 65.1).14–16 The 
ventricular index (VI), a transverse measurement taken from the 
midline to the lateral margin of the lateral ventricle on coronal 
images at the level of the foramen of Monro (e.g. Fig. 65.13), is an 
easily applied and long-established ultrasound surrogate of ven-
tricular size.17 Centile charts based on this measurement can be used 
for early detection of ventricular dilatation. However, this measure 
may be insensitive to the ‘ballooning’ of the ventricles which occurs 
as an early feature in developing hydrocephalus and hence may not 
be as reliable as other linear ultrasound indices, or compared with 
subjective expert review.18 In addition, ventricular dilatation in the 
premature infant tends to result in disproportionate expansion of 
the posterior parts of the lateral ventricles; strict adherence to VI 
may thus not fully reflect the degree of ventricular enlargement. 
Measurement of ventricular volume can be made, but this is more 
time-consuming. Mild degrees of asymmetry are common:19 the 
normal bias is for the left to be slightly larger than the right.

Another important landmark is the choroid plexus: it helps 
define the levels of scans in the coronal and sagittal planes.20 In the 
temporal horn the choroid plexus adheres to the roof medially and 
is thin, but around the thalamus it increases in thickness to form 
the glomus as it passes posteriorly into the trigone of the lateral 
ventricle (Fig. 65.3H). The position and thickness of the choroid 
plexus within the body are variable: it is essential to recognise this 
when assessing the possible presence of blood clot. The echotexture 
and surface outline of the choroid plexus tend to be uniform  
and smooth. Focal irregularity and/or extension posteriorly  
into the occipital horn coupled with a heterogeneous echotexture 
should raise the suspicion of choroidal and/or intraventricular 
haemorrhage.

Choroid plexus cysts are a common finding in CUS and are of no 
neurological significance when occurring in a karyotypically normal 
infant. Choroid plexus cysts are commonly located in the bodies of 
the choroid plexus within the lateral ventricles. They are typically 
small (measuring up to several millimetres in diameter), spherical, 
and are often multiple.21Figure 65.2 Location of the major ultrasound windows.

Anterior
fontanelle

Posterior
fontanelle

Postero-lateral
(mastoid) fontanelle

Table 65.1 Some measurements of ventricular size on cranial ultrasound

Measure
Reference 
no. Description Comment

Ventricular 
index (VI)

17 Horizontal measurement from the midline 
to the lateral margin of the lateral ventricle 
on coronal images at the level of the 
foramen of Monro

Widely used
Long established
Centile charts available
May be insensitive to early ‘ballooning’ of the ventricles

Diagonal 
width

15, 18 Ventrolateral to dorsomedial width of the 
lateral ventricle at the level of the foramen 
of Monro

Excellent correlation with expert clinical judgement

Ventricular 
height

18 Ventricular height in the parasagittal plane 
adjacent to the foramen of Monro

Excellent correlation with expert clinical judgement

Frontal and 
occipital 
horn ratio

16 The average of the greatest diameter of the 
frontal horns and the greatest diameter of 
the occipital horns, divided by the greatest 
biparietal diameter

Excellent correlation with ventricular volume 
measurements

Anatomy (Fig. 65.3)

A clear understanding of the normal sonographic anatomy of  
the infant brain is critical to ensure identification of anatomical 
landmarks, for understanding pathological variation from the 
normal anatomy and for the correct description of the location  
of pathology.

The ventricular system consists of the lateral ventricles (anterior 
horns, body, occipital and temporal horns); the third ventricle, 
which communicates with the lateral ventricles via the foramina of 
Monro, and the fourth ventricle, which communicates with the 
third ventricle via the aqueduct of Sylvius (or cerebral aqueduct). 
The fourth ventricle outflow channels are in the midline into the 
cisterna magna (foramen of Magendie) and laterally into the per-
imedullary cisterns (the paired foramina of Luschka). All these 
compartments can be identified by ultrasound to a greater or lesser 
degree, depending on the age of the infant. In the premature infant 
the ventricular system is well defined, with separation of the walls, 
whereas in the full-term and older infant the ventricles are less 
distended and consequently the ventricular walls are more often 
apposed, such that the reflective borders of the ventricles become 
the identifiable landmarks.
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Figure 65.3 Normal anatomy. Coronal images from anterior to posterior and sagittal images from lateral to medial. A–F: Routine coronal 
images are recorded through (A) the frontal lobes anterior to the frontal horns, (B) the frontal horns, (C) the foramina of Monro, (D) the 
thalami, (E) the trigones of the lateral ventricles and (F) the parietal and occipital lobes dorsal to the ventricular system. G–J: Routine 
sagittal images, from lateral to medial, recorded through (G) the white matter lateral to the ventricular system, (H) the lateral ventricle, 
(I) the caudothalamic notch and (J) the midline. Small black arrows indicate corpus callosum, small white arrowheads the cingulate sulcus. 
IIIrd, third ventricle; IVth, fourth ventricle; Amyg, amygdala; Caud, caudate nucleus; Cbl, cerebellum; Cent, central sulcus; CF, choroidal 
fissure; CG, cingulate gyrus; CM, cisterna magna; Csp, cavum septum pellucidum; CTG, caudothalamic groove; CTN, caudothalamic 
notch; FH, frontal horn of the lateral ventricle; FL, frontal lobe; FM, foramen of Monro; FO, frontal operculum; Hipp, hippocampus;  
IC, insular cistern; LV, lateral ventricle; Med, medulla; Mid, midbrain; MTG, middle temporal gyrus; OH, occipital horn of the lateral ventricle; 
OL, occipital lobe; Orb, orbit; PL, parietal lobe; POS, parieto-occipital sulcus; SF, sylvian fissure; STG, superior temporal gyrus;  
Tent, tentorium cerebelli; Thal, thalamus; TL, temporal lobe; TO, temporal operculum.
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Figure 65.3 Continued

The thalamus comprises paired ovoid structures lying on either 
side of the third ventricle; their reflectivity is slightly greater than 
that of the adjacent brain. They lie posterior to the foramina of 
Monro and below the inferior concavity of the lateral ventricle (Fig. 
65.3D and I). A midline rounded or oval structure, the massa inter-
media, connects the thalami. The massa intermedia is not identifi-
able in the normal infant but becomes identifiable with enlargement 
of the third ventricle, or if it is enlarged owing to a small or absent 
corpus callosum.

Normally the third ventricle is poorly seen as a slit in the coronal 
plane or as a vague rectangular or trapezoid structure in the midline 
sagittal plane. When dilated its full outline can be visualised more 
easily, with the massa intermedia lying centrally.

The cavum septum pellucidum and cavum vergae are CSF-filled 
spaces lying between the lateral ventricles and beneath the corpus 
callosum. The septum pellucidum is a thin laminated structure that 
forms the medial walls of the lateral ventricles. In utero the leaves 
of the septum pellucidum are separated creating the cavum septum 
pellucidum and cavum vergae, which are usually in continuity, but 
during the late in-utero and early postnatal period the cavity pro-
gressively obliterates in the caudal to cranial direction. The finding 
of cavum septum pellucidum and cavum vergae is thus common 
in neonates (Fig. 65.3C and J), being seen in up to 90% of preterm 
and 50% of term infants. By 2 months of age 85% of infants have 
no remaining visible cavum. A midline cystic space in the absence 
of dilatation of the ventricles represents a persistent cavum, and as 

it has no clinical sequela in this age group, it can be considered a 
normal variant.21 In the context of intraventricular haemorrhage 
and evolving ventriculomegaly, the cavum may enlarge in syn-
chrony with the ventricular dilatation and correspondingly con-
tracts as the ventricles decrease in size, suggesting communication 
between the compartments.

The echo-poor corpus callosum lies above the roof of the lateral 
ventricles (Fig. 65.3C and J) bordered by the pericallosal sulcus, 
which communicates with the reflective inter-hemispheric fissure. 
In the normal state, the overlying cingulate gyrus parallels the 
corpus callosum; loss of this parallelism accompanies abnormalities 
of the corpus callosum. Other noteworthy anatomical landmarks 
are the sylvian fissures, choroidal fissures and the tentorium cere-
belli (Fig. 65.3D and G–I). Variable amounts of fluid may be present 
in the cisternal spaces around the tentorium cerebelli and in the 
cisterna magna.

The normal periventricular vessels produce fine reflective striae 
in the frontal lobes and also posterior to the bodies of the lateral 
ventricles. These should not be misinterpreted as pathological 
‘flares’ or parenchymal ischaemic lesions, which generally appear 
as coarser, linear more reflective areas interspersed by cystic foci 
(see below).

Juxtaventricular cysts, also referred to as connatal cysts, charac-
teristically occur immediately lateral to the frontal horns of the 
lateral ventricles, anterior to the foramina of Monro.21 Juxtaven-
tricular cysts are said to arise as a result of apposition of the lateral 
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performed throughout childhood (and indeed through adulthood) 
via the transtemporal widow, but this will not be dealt with here.

Vascular anatomy
Visualisation of the major intracranial arteries and much of the 
dural venous system can be achieved using colour Doppler ultra-
sound. To achieve maximal visualisation of the vascular system the 
operator will need to insonate via several of the natural ultrasound 
windows (Fig. 65.5, Table 65.2). The anterior fontanelle provides 
clear visualisation of the terminal portions of the internal carotid 
arteries and the anterior cerebral arteries (Fig. 65.6A). The horizon-
tal portions of the middle cerebral arteries can often be seen via this 
window, but demonstration of flow by colour Doppler can be unre-
liable in view of the direction of flow angle being perpendicular to 
the angle of insonation. Angulation of the probe on the fontanelle 
can improve visualisation and is essential if measurements of flow 
are being made, when angle correction may also be required to 
achieve accurate measurements. The transtemporal route provides 
the best view of the ipsilateral horizontal (M1) segment of the 
middle cerebral arteries (Fig. 65.6B), as well as a view of the circle 
of Willis. The sonographer should be aware of the natural variabil-
ity in arrangements of the circle of Willis. In particular, one or both 
posterior communicating arteries may be dominant with hypoplas-
tic or absent proximal (P1) portions of the contralateral posterior  
cerebral artery.

A number of direct and derived measurements can be made from 
the Doppler waveform, and these measurements can be used to 
characterise the pattern of cerebral blood flow. Direct measure-
ments include the peak systolic (PSV) and end-diastolic (EDV) 
velocities. Derived parameters include the mean cerebral blood 
velocity (mCBV), Pourcelot resistive index (RI) and pulsatility index 
(PI). The mCBV is the time-averaged mean of the maximum veloc-
ity curve of the waveform over at least one cardiac cycle. RI is 
defined as (PSV − EDV)/PSV, and PI as (PSV − EDV)/mCBV.

There are significant changes in cerebral haemodynamics in the 
early postnatal period. In term infants, there is an increase in the 

walls of the frontal horns, effectively ‘pinching off’ a portion of the 
ventricle to form the cyst. These are an incidental finding on CUS, 
and usually resolve spontaneously. As they carry no pathological 
or prognostic significance, juxtaventricular cysts can essentially be 
considered as a normal variant.22,23

The cerebellum is moderately reflective and can be visualised 
through the anterior fontanelle. However, clearer views may be 
obtained by using the temporoparietal approach.8,11 In the midline 
sagittal plane, the vermis appears as a strikingly echogenic struc-
ture (Fig. 65.3J), the numerous folia between the segments of the 
vermis resulting in multiple echogenic interfaces. More laterally, 
the cerebellar hemispheres have a more uniform lower echogenicity. 
The convoluted superior surface of the cerebellum is highly echo-
genic on both sagittal and coronal imaging. The brainstem can be 
visualised on sagittal sections via the anterior fontanelle. The 
ventral pons has a brightly echogenic appearance compared with 
the dorsal pons; this echogenicity has been attributed to crossing 
bundles of the transverse pontocerebellar fibre pathways and the 
intermixed pontine nuclei.24

The sulci and cerebral fissures are prominent linear markings 
which help to define the surface anatomy and major lobar divisions 
of the brain. In the normal brain the sulci appear echogenic owing 
to the pulsating pial vessels and interface between the brain and 
CSF in the subarachnoid spaces. If the subarachnoid spaces are 
enlarged or prominent, the CSF within the sulci and the fissures 
appears as echo-free spaces between the brain surface. The cerebral 
cisterns, although CSF-filled, may appear paradoxically reflective 
owing to the presence of pulsatile blood vessels, particularly the 
inter-peduncular cistern. The cisterna magna can usually be seen as 
a wedge-shaped sonolucency below the vermis and behind the 
medulla, and has a normal depth of up to 8 mm when measured 
from the undersurface of the inferior vermis to the plane of the 
echogenic posterior lip of the foramen magnum.25

Variation in appearance with gestational age
There is considerable variation in the normal appearances of the 
brain as a result of gestational age alone. In extremely premature 
infants of 23+ weeks gestational age the primary fissures (inter-
hemispheric fissure, horizontal or sylvian fissure) are present, but 
the sulci and gyri of the brain are not yet formed, leading to a 
smooth appearance to the surface of the brain (Fig. 65.4). The oper-
cula are not well formed and as a result the sylvian fissures often 
appear open and box-like in shape. Below the age of 28 weeks the 
subarachnoid spaces around the cerebrum often appear promi-
nent, which is a normal finding. This is particularly pronounced 
posterior to the cerebral hemispheres. As the brain matures, there 
is progressive formation of the sulci and gyri, starting with the 
central, parieto-occipital, calcarine and cingulate sulci. The oper-
cula enlarge, closing the sylvian fissure and covering the insular 
cortex. Beyond around 33 weeks of gestational age, the middle of 
the third trimester, the process of sulcation and opercularisation is 
largely complete.

The appearance of the images may change beyond this time and 
into the post-term equivalent period, but this is largely due to tech-
nical factors such as increasing head size or the presence of hair on 
the scalp, as opposed to brain maturation per se. CUS via the ante-
rior fontanelle is possible up to the age of 6 months and occasionally 
longer, particularly if the fontanelle is kept enlarged by the presence 
of intracranial mass effect. Image quality becomes progressively 
more limited, although depth penetration can be maintained by use 
of low-frequency transducers in the 3–5 MHz range. Eventually 
assessment of the brain parenchyma becomes too poor for diagnos-
tic purposes, but CUS can still be useful as a quick screening tool 
for the presence of lateral ventricular dilatation. However, confir-
mation of findings by more definitive imaging should be sought. 
Clinicians should be made fully aware of the limitations of CUS 
beyond this period and requests for a scan to look for suspected 
pathology, other than hydrocephalus, should be resisted. Evalua-
tion of cerebral vasculature by Doppler imaging may, however, be 

Figure 65.4 Appearance of the brain in a 24-week gestational 
age infant. Compare with the image from a 32-week gestational 
age infant shown in Figure 65.3D.
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mCBV, PSV and EDV in pulsatility over the first 5–7 days.26,27 Veloc-
ity measurements in different vessels correlate well, but absolute 
velocities vary depending on site, with velocities from the middle 
cerebral artery (MCA) being higher than those from the anterior 
cerebral artery (ACA). A minor initial reduction in PSV and EDV 
over the first few hours has also been reported.28 A similar pattern 
of increasing PSV and EDV, with reducing RI, has been demon-
strated in premature infants over the first 3 days of life.29

RI values for the intracranial internal carotid artery (ICA), MCAs 
and ACAs from healthy term infants obtained during the first 24 
hours of life have a mean of 0.72 and lie between 0.55 and 0.9 (Fig. 
65.6A and B) (a minimum RI value of 0.47 was found for a measure-
ment of the right MCA via the transtemporal window, but the 
potential causes and significance of this outlier are not considered 
by the researchers).30 Of note, no significant difference was found 
for the RI measurements of the MCA vessels via the anterior fonta-
nelle and via the transtemporal window despite the very different 
angles of insonation.

The dural venous system can be imaged by cranial ultrasound. 
The majority of the dural sinuses lie immediately adjacent to the 
inner table of the skull, in many cases directly under fontanelles or 
sutures and hence near-field scanning using a high-frequency linear 
probe can provide high-resolution imaging of the sinuses. Colour 
Doppler can be used to demonstrate flow within sinuses provided 
enough angulation between the beam direction and direction of 
flow can be achieved.

The superior sagittal sinus can be imaged from the anterior fon-
tanelle to the posterior fontanelle through the sagittal suture (Fig. 
65.7A). On real-time imaging, the sinus is hypoechoic, appearing 
triangular in shape in the coronal plane and as a tubular structure 
on midline sagittal images. Venous blood flow within the sinuses 
can be readily confirmed with colour Doppler ultrasound, which 
will also demonstrate the cortical draining veins entering into the Figure 65.5 Arterial Doppler ultrasound windows.

Anterior
cerebral 
arteries

Middle
cerebral

artery

Table 65.2 Doppler assessment of intracranial arteries

Vessel Window and view Comments Usual direction of flow

Internal carotid 
artery

Anterior fontanelle Seen on parasagittal slices immediately lateral to 
sphenoid bone

Toward probe

Transtemporal window Ipsilateral ICA, Supraclinoid portion Toward probe
Anterior cerebral 
artery

Anterior fontanelle Excellent visualisation of most of the ACA passing 
anterior to callosal genu. Right and left vessels 
often cannot be discriminated

Toward probe

Transtemporal window Ipsilateral A1 segment, extends medially from the 
carotid tip

Away from probe

Middle cerebral 
artery

Anterior fontanelle, 
coronal plane

M1 segment may be difficult to visualise and 
measure velocities due to angle of insonation. M2 
segment usually visualised

M1 segment: Toward probe 
proximally, often away from probe 
distally. M2 segment: toward 
probe

Transtemporal window Excellent visualisation of ipsilateral M1 segment Toward probe
Posterior 
cerebral artery

Transtemporal window P1 segments seen arising from basilar tip ventral 
to the midbrain

Toward probe

Posterior 
communicating 
artery

Transtemporal window May be visible running between distal ICA and 
PCA

Variable, ipsilateral vessel often 
flows away from probe

Basilar artery Anterior fontanelle Anterior to brainstem Toward probe
Transtemporal window Anterior to brainstem Toward probe
Foramen magnum Anterior to brainstem Away from probe

Vertebral arteries Foramen magnum Anterolateral to medulla and lower pons Away from probe
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matter of the brain. The germinal matrix first appears at 7 weeks of 
gestational age and increases in size to the 23rd week, when it lies 
adjacent to the ventrolateral wall of the lateral ventricles.31 After the 
26th to 28th week the germinal matrix rapidly regresses to a small 
zone adjacent to the ventricular margin, between the head of the 
caudate nucleus and the thalamus. The location of the germinal 
matrix at this time can be found by identifying the caudothalamic 
groove (Fig. 65.3I). The germinal matrix almost completely invo-
lutes by 33 weeks, which accounts for the reduction in new germi-
nal matrix haemorrhage seen after this time.

The germinal matrix is a highly vascularised and metabolically 
active structure and is thus susceptible to undergoing haemorrhage 
during hypoxic or ischaemic stress. Although the exact mechanism 
resulting in germinal matrix haemorrhage (GMH, also referred to 
as subependymal haemorrhage, SEH) is not fully elucidated, it 
appears to be predominantly of venous origin.32,33 The rich microv-
asculature of the germinal matrix is prone to haemorrhage during 
periods of venous congestion. The vascular fragility of the germinal 
matrix capillary bed is multifactorial and includes factors such as 
rapid angiogenesis, paucity of pericytes and a lack of mesenchymal 
support.34 In addition, the cerebral circulation in extremely preterm 
infants is virtually pressure-passive, and hence fluctuations in sys-
temic blood pressure are not compensated for by cerebral autoregu-
latory mechanisms.

GMH frequently coincides with intraventricular haemorrhage 
(IVH), and there is no doubt that the two conditions are usually 
aetiologically related. The strength of the association is such that 
the two conditions are often referred to under the bracket term of 
germinal matrix – intraventricular haemorrhage (GMH-IVH) or 
alternatively periventricular haemorrhage (PVH). It is proposed 
that the haemorrhage within the germinal matrix ruptures through 
the ependymal surface to enter the ventricular system. However,  
it should be borne in mind that there are other potential causes  
of IVH in preterm infants, particularly haemorrhage from the 
choroid plexus.

sinus. The posterior portion of the superior sagittal sinus, straight 
sinus, torcula and medial transverse sinuses are harder to visualise 
but can often be identified at depth via the anterior fontanelle. The 
lateral aspects of the transverse sinuses and sigmoid sinuses can be 
seen via the mastoid fontanelles (Fig. 65.7C).11

CEREBROVASCULAR COMPLICATIONS

The bedside identification and evaluation of cerebrovascular com-
plications in neonates is one of the most important uses of cranial 
ultrasound. The pattern of cerebrovascular injury in neonates 
depends on several key factors. Gestational age is a major determi-
nant of susceptibility of different brain structures to hypoxia or 
hypotension and the pattern of injury in preterm infants differs 
markedly from infants who are near or at term. For this reason, this 
section is divided into two main subdivisions based on gestational 
age. The other main factor thought to determine pattern of injury, 
particularly in term infants, is severity and duration of hypoxia or 
hypotension.

Premature infants

Prematurity is defined as a gestational age of less than 37 weeks. 
However, the patterns of brain injury seen in response to cerebrov-
ascular stress in prematurity occur with much greater frequency in 
those born below 33 weeks. The main patterns seen in this age 
group are germinal matrix/intraventricular haemorrhage, periven-
tricular haemorrhagic infarction and periventricular leukomalacia.

Germinal matrix – intraventricular haemorrhage
The germinal matrix is the area in the developing fetal brain that 
gives rise to the neuronal cells which will later constitute the grey 

Figure 65.6 Colour Doppler ultrasound of intracranial arteries. A: Evaluation of the anterior cerebral artery on midline sagittal image 
via the anterior fontanelle. Normal waveform with RI of 0.70. B: Evaluation of the ipsilateral middle cerebral artery via the transtemporal 
window. Normal waveform with RI of 0.65.

A B
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pressure and shearing forces in periventricular tissue) could con-
tribute to the tissue injury.

GMH-IVH and PHI are early postnatal events, with 75% of intra-
ventricular haemorrhages being detectable in the first 3–5 days.39 It 
is also clear from clinical practice that GMH-IVH can occur as an 
in-utero event, as evidenced by detection of haemorrhage on fetal 
MRI, and the finding of maturing GMH-IVH on CUS performed on 
the first day of life.

Several grading systems have been proposed for GMH-IVH. The 
most commonly used is the system described by Papile in 1978 
which was originally based on CT findings, but has since been 
widely applied to ultrasound (Table 65.3).40 This system has the 
advantage that it is relatively simple to use, is widely enough 
applied to be part of the ‘common lexicon’ of neonatal care, and the 
grades relate well to outcome. However, recently there has been 
criticism of the system based on the fact that the four-point grade 
system implies that GMH-IVH and periventricular haemorrhagic 
infarction are a pathophysiological continuum of increasing sever-
ity. This implication is misleading as IVH can occur without GMH 

Ventricular dilatation occurring in the context of IVH can be 
multifactorial. Large acute IVH can directly distend the ventricles. 
However, in the majority of cases the dilatation is a combination of 
obstruction to CSF flow through the ventricular system by clot and 
adhesions, and blockage of CSF resorption at the level of the arach-
noid granulations by haemorrhagic debris.

In advanced cases GMH-IVH is associated with areas of periven-
tricular haemorrhagic infarction (PHI), which is unilateral in two-
thirds of cases, and strikingly asymmetrical in the majority of the 
remaining cases.35 Studies have shown the infarction is likely to be 
predominantly venous in origin.36,37 The deep hemispheric paren-
chyma drains towards the terminal vein, which passes through the 
region of the germinal matrix before draining into the deep venous 
system. GMH has been shown to distort the terminal vein and 
reduce venous flow as detected by Doppler ultrasound (Fig. 65.8).38 
It has thus been proposed that venous congestion in the paren-
chyma resulting from GMH leads to the haemorrhagic parenchymal 
infarction. Other factors, such as systemic haemodynamic param-
eters and ventricular dilatation (which could lead to increased 

Figure 65.7 Colour Doppler of the venous system. A: Power Doppler evaluation of the superior sagittal sinus in the midline sagittal 
plane via the anterior fontanelle. Care must be taken not to inadvertently compress the fontanelle during scanning (B), as this can lead to 
diminished detection of flow. C: Coronal view of the right transverse sinus via the lambdoid suture. The tentorium is seen deep to the 
sinus, with the occipital lobe above (to the left of the image) and the cerebellum below (to the right of the image).
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late stages of evolution, but small GMH often resolves completely 
on ultrasound.

IVH is identified as material of increased echogenicity within the 
ventricular system. Acute haemorrhage is hyperechoic to brain 
parenchyma. Small amounts of IVH will often be adherent to the 
ventricular margin (Fig. 65.10). It can be difficult to differentiate 
small IVH from the choroid plexus. Haemorrhage adherent to the 
choroid plexus is often slightly hyperechoic to the choroid plexus, 
and can be expected to evolve or resolve on subsequent scans. A 
useful rule of thumb is that the choroid plexus does not extend 
more anteriorly in the lateral ventricles than the foramina of Monro, 
and does not extend into the occipital horn, and hence echogenic 
material at these sites indicates IVH as opposed to normal choroid 
plexus. IVH within the third ventricle can be identified as echogenic 
material which often adheres to the massa intermedia or settles 
within the anterior recesses. Haemorrhage can also be seen within 
the cavum septum pellucidum and cavum vergae as part of the IVH 
spectrum, and this should be actively looked for.

When large, IVH fills and expands the ventricles and can track 
between the ventricles via the third ventricle. As IVH matures it 
becomes progressively more hypoechoic (Fig. 65.11). Small IVHs 
disappear over several days to several weeks. Larger IVHs tend to 
undergo a process of central liquefaction before clot breakdown and 
resorption, often leaving debris and stranding within the ventricles 
for several months.

IVH is usually accompanied by the development of ependymal 
echogenicity (see Fig. 65.32A). This is presumed to be a reaction of 
the ependyma to the presence of irritant blood products in the 
ventricular system. Occult IVH can be identified by the finding of 
transient ependymal echogenicity, often accompanied by a tran-
sient, minor increase in ventricular size, but without the identifica-
tion of overt IVH.

Ultrasound is of critical importance for detecting and monitoring 
progressive ventricular dilatation with the aim of identifying 
infants who require CSF aspiration or shunt insertion. Measure-
ment of ventricular size, for example with the ventricular index 
(VI), can be of use in serial ultrasound to demonstrate developing 
hydrocephalus. Clinical factors, including measurement of head 
circumference, will also inform the decision to intervene. The 
assessment of post-haemorrhagic ventricular dilatation is dealt 
with in detail in the section on hydrocephalus.

PHI appears as areas of parenchymal echogenicity (sometimes 
described as a ‘flare’) with associated mass effect (Fig. 65.12). Periv-
entricular white matter in the frontal, parietal and temporal regions 
is most commonly affected. With maturation, the haemorrhagic 
infarction becomes more hypoechoic and may undergo liquefac-
tion. Breakdown of the adjacent ventricular wall can allow com-
munication of the haemorrhagic cavity with the ventricle. During 
this phase, there is frequently an echogenic mass, probably a com-
posite of tissue debris and organised haemorrhage, within the 
cavity with the ventricle extending through the defect in the ven-
tricular margin into the underlying portion of the ventricle.

(in the case of choroid plexus haemorrhage), ventricular dilatation 
can occur for reasons other than the presence of IVH, and paren-
chymal haemorrhage is not a direct extension of the IVH into paren-
chyma (as evinced by some cases occurring in the absence of any 
or significant IVH). For this reason a more descriptive approach to 
GMH-IVH has been proposed where the independent components 
constituting the grades are listed if present (final column in  
Table 65.3).41

Ultrasound findings

Acute GMH is identified as echogenicity in the subependymal loca-
tion immediately anterior to the caudothalamic notch (Fig. 65.9). 
Size varies considerably, and the haemorrhage may be unilateral or 
bilateral. As the GMH matures it becomes less echogenic and will 
often develop a hypoechoic core as the haematoma liquefies (Fig. 
65.9C). A cyst can sometimes be identified at the site of GMH in the 

Figure 65.8 Venous anatomy and parenchymal haemorrhagic 
infarction. A: Medullary veins converge to form the terminal vein in 
the region of the germinal matrix. B: In the context of GMH and 
ventricular distension, venous congestion has been proposed as a 
mechanism precipitating parenchymal haemorrhagic infarction 
(modified from Volpe JJ. Brain injury in the premature infant – from 
pathogenesis to prevention. Brain and Development 1997; 19: 
519–534, figure 2).
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Table 65.3 Grading of germinal matrix – intraventricular haemorrhage

PROGNOSIS

Traditional (Papile) grading Death
Cerebral palsy in 
surviving infants Descriptive grading

Grade I Isolated GMH GMH (yes or no)
IVH (yes or no)
Ventricular dilatation (yes or no)
Parenchymal abnormality (yes or no)

Grade II GMH with IVH, but no ventricular dilatation
Grade III IVH with ventricular dilatation 27.6% 7.4%a

Grade IV Parenchymal involvement (with or without IVH 
or ventriculomegaly)

37% 48.7%a

aBrouwer A, et al., Neurodevelopmental outcome of preterm infants with severe intraventricular hemorrhage and therapy for post-hemorrhagic ventricular 
dilatation. The Journal of Pediatrics 2008;152:648-654.
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It is clear that that GMH-IVH and PHI can occur in utero, with 
unexpected GMH and IVH elegantly demonstrated by fetal MRI. 
When CUS of neonates in the first few days shows haemorrhagic 
changes which are more mature than would be expected, an in-utero 
event is likely. In-utero GMH leading to a mature, encysted appear-
ance on early postnatal CUS is one of the more common causes of 
germinolytic cysts.

Periventricular leukomalacia
Periventricular leukomalacia (PVL) is the result of ischaemic injury 
in the border zones and arterial end zones of the preterm brain.42 
This particular pattern of ischaemic injury is specific to preterm 
infants because of the distribution of the arterial border zones and 
end zones in the immature brain (Fig. 65.13).43,44 The deep periven-
tricular zones fall at the watershed between the long penetrating 
distal branches of the middle cerebral artery (and to a lesser extent 
the anterior and posterior cerebral arteries) and lenticulostriate per-
forating vessels. These periventricular watershed zones are thus 
susceptible to ischaemia during falls in cerebral perfusion pressure, 
as can occur during episodes of cardiorespiratory distress. This 
effect may be exacerbated in very preterm infants who have 

Figure 65.9 Germinal matrix haemorrhage. A, B: Right GMH, day 7 scan. C: Day 21 scan showing evolution of the right GMH with 
development of central hypoechogenicity.
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Figure 65.10 Small right IVH adherent to the lateral wall of the 
left lateral ventricle (arrows).
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ventricle with the PVL. This is manifest on CUS as irregularity and 
outpouching of the ventricular wall at the sites of previous PVL. 
Over the following 1–3 months the cysts disappear, leaving gliosis 
and periventricular white matter volume loss.42

Although CUS is sensitive for the detection of cystic PVL, it is 
well recognised that CUS can be insensitive for non-cystic PVL. 
Comparison of CUS with histology has shown that 30–70% of white 
matter abnormalities are not visualised on CUS.46–48 It could be sug-
gested that improvements in ultrasound technology since these 
studies were performed might improve detection of non-cystic 
PVL. However, a more recent study of CUS in very low birth 
weight, preterm infants during the first 6 weeks of life has shown 
a sensitivity of only 26% and positive predictive value of 36%  
for the detection of non-cystic PVL, compared to a gold standard 
of MRI performed at term-equivalent age.49 For this reason, 
many centres now perform MRI in surviving ex-preterm infants  
at term-equivalent age as a documentation of the extent of white 
matter injury.

Severe diffuse white matter injury leads to generalised atrophy 
which can be detected on CUS as parenchymal volume loss with 
gradual enlargement and contour irregularity of the ventricles and 
widening of the cerebral sulci (Fig. 65.14B). Differentiation from 
hydrocephalus can be made by correlation with serial head circum-
ference measurements which will increase disproportionately if 
hydrocephalus is present, and may fail to increase appropriately in 
the presence of cerebral atrophy. In reality, ventriculomegaly 
detected on ultrasound is often a combination of atrophy and 
hydrocephalus secondary to previous IVH or intracranial 
infection.

Term infants

Hypoxic ischaemic encephalopathy
Hypoxic ischaemic encephalopathy (HIE) describes the syndrome 
of neurological dysfunction resulting from perinatal asphyxia. Peri-
natal asphyxia occurs in 3-5 infants per 1000 live births, and HIE 
develops in 0.5-1 per 1000 live births.50 There has been a continued 
trend towards decreasing incidence of HIE in the United Kingdom, 
the decline being attributed to improved perinatal care, although 
HIE remains a significant clinical problem.51

pressure-passive cerebral circulation. Additionally, there is a 
maturation-dependent susceptibility of oligodendrocytes in the 
immature brain, and hence white matter in very preterm infants is 
at increased risk of cellular injury in the watershed territories 
during reduced cerebral perfusion.42

Incidence of PVL varies depending on the population studied 
and method of identification used. PVL is found on ultrasound in 
3–15% of infants with birth weights below 1500 g, but figures are 
much higher when based on histopathology. Incidence of PVL 
appears to peak around 28 weeks, but it is unclear whether worse 
survival outcomes below this age skew the peak upwards.42

As PVL matures, two main patterns of PVL emerge, namely non-
cystic and cystic. The non-cystic pattern is more common and is 
characterised histologically by astrogliosis, oligodendrocyte injury 
and subsequent impairment of myelination.42 Cystic PVL is charac-
terised by focal necrosis within periventricular white matter with 
subsequent cyst formation.

Ultrasound findings

PVL usually becomes apparent on CUS during the first few days 
after the episode of cardiovascular compromise, although this itself 
is not always documented.45 The ultrasound findings of PVL in the 
acute stages are of increased echogenicity in the white matter supe-
rolateral to the margins of the lateral ventricles (Fig. 65.14). At its 
most subtle, PVL may be detected as a coarsening of the white 
matter echotexture. Unlike PHI, PVL is rarely strikingly asymmetri-
cal and does not have significant associated mass effect.

The echogenicity of PVL can increase over the first week follow-
ing initial detection. After this time, non-cystic PVL starts to become 
less obvious, to the point where it is no longer detectable. Cystic 
change in PVL tends to become obvious within the first week fol-
lowing initial detection. The appearance tends to be of numerous 
small cysts distributed throughout the PVL (Fig. 65.14B and C), as 
opposed to the development of a solitary large cavity as seen with 
PHI. Juxtaventricular cysts can be differentiated from frontal cystic 
PVL by the fact that the former do not evolve or have surrounding 
parenchymal echogenicity, and lie immediately lateral to the frontal 
horns (as opposed to superolateral location of cystic PVL).21

With maturation the cysts may coalesce, and breakdown of the 
adjacent ventricular wall may lead to communication of the 

Figure 65.11 Evolution of intraventricular haemorrhage. A: Day 8 scan showing GMH and IVH filling and expanding the lateral 
ventricle. B: Day 36 scan showing hypoechogenicity within the intraventricular haematoma and retraction of clot in the frontal horn.

A B
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Diagnosis of HIE is primarily clinical, and is supported by labora-
tory, neurophysiological and neuroimaging criteria. Clinical fea-
tures and grading of HIE are shown in Table 65.4. In recent years 
MRI has gained prominence in the imaging evaluation of HIE. It is 
clear that MRI is sensitive for detecting HIE and is the current clini-
cal imaging gold standard. However, many of the published head-
to-head comparisons of ultrasound and MRI are limited by wide 
interval between US and MRI being performed, were performed 
using ultrasound systems which would now be considered out of 

Perinatal asphyxia is manifest clinically as progressive hypoxia 
and hypercapnia, and the development of metabolic acidosis.50 
Unless the asphyxial state is reversed, a pathophysiological cascade 
ensues which results in cell death in the fetal/infant brain. Struc-
tures within the brain show different susceptibility to cellular 
injury, with acute severe asphyxia resulting in preferential injury 
to the thalami, basal ganglia and brainstem. Cortical injury is also 
frequently seen, with the peri-Rolandic cortex being particularly 
susceptible in term infants.

Figure 65.12 Periventricular haemorrhagic infarction in a 26-week gestational age infant. A: Day 2 scan showing right periventricular 
‘flare’. Note also IVH in the lateral ventricles and third ventricle (arrows). B: Day 9 scans demonstrating development of central 
hypoechogenicity within the area of PHI. C: Coronal T2-weighted MRI scan at the equivalent of term age. The area of PHI has undergone 
cavitation with free communication with the lateral ventricle. A small amount of debris/stranding persists in the cavity.
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B
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with relative hypoechogenicity of the cortical stripe. The white 
matter echogenicity can range from subtle to gross. Although the 
increase in white matter echogenicity is often diffuse, with high-
resolution imaging it is possible to identify focal lesions which  
show good correlation with ischaemic lesions identified using 
DWI.6 For the inexperienced sonographer inappropriate gain set-
tings may lead to over-reporting of diffuse white matter echogenic-
ity. As well as optimising machine settings, identification of 
increased GWMD using cortical echogenicity as a reference  
can help to minimise interpretation error. It should be noted  
that increased white matter echogenicity is not specific for HIE  
and may be seen in other white matter processes such as disorders 
of myelination.

Selective neuronal necrosis in response to prolonged ischaemia 
preferentially affects the cerebellar cortex, brainstem, thalami and 
hippocampi52. Sonographically deep grey matter injury is repre-
sented by echogenicity which appears between 1 and 5 days follow-
ing the hypoxic episode (Fig. 65.16). In mild cases the echogenicity 
may be transient. In severe cases neuronal death is accompanied by 
gliosis and hypermyelination of astrocytic processes resulting in 
marked basal ganglial echogenicity, termed status marmoratus. 
Extensive infarction in the thalami, particularly if accompanied by 
haemorrhage, should always prompt a search for thrombosis of the 
straight sinus and internal cerebral veins, as described below.

Additionally, in the term neonatal brain layers 3, 5 and 6 of the 
neocortex show a particular susceptibility to ischaemia. Cortex 
within the depths of the sulci, particularly in the frontal and parietal 
regions, is preferentially involved. Focal cortical injury is identified 
on ultrasound as cortical echogenicity and swelling, and can be 
extensive (Fig. 65.17). When the cortical infarction is widespread, it 
may not be possible to clearly identify alterations in GWMD due to 
simultaneous involvement of both grey and white matter.

Watershed infarction is an uncommon but well-recognised 
pattern of ischaemic injury in term infants.53 Ischaemic lesions are 
seen in the parasagittal cortical watershed areas between the MCA 
and ACA and MCA and posterior cerebral artery (PCA) territories, 
in a similar distribution to cortical watershed infarction seen in 
older children and adults. This is therefore in contrast to the pattern 
of watershed abnormality seen in premature infants where the 
watershed zone is located in the periventricular white matter. In the 
term age group watershed infarction results from partial asphyxia 
or hypotension resulting in reduced perfusion to the border zones 
between the major arterial territories.52,54

CUS shows bilateral parasagittal echogenicity and swelling 
involving the cortex (Fig. 65.18A). In contrast to infarction occurring 
in the territory of the major cerebral arteries, the changes associated 
with watershed infarction occur along the boundary zones between 
the major arterial territories. Serial scanning may reveal progressive 
atrophy and cystic encephalomalacia in the affected tissue over the 
weeks following the insult (Fig. 65.18B). Preferential atrophy at the 
depth of sulci leads to ulegyria, with the gyri taking on a mushroom-
shaped appearance. When suspected, findings can be confirmed by 
MRI.55 Superior sagittal sinus thrombosis, which can also result in 
parasagittal swelling and infarction, should be actively excluded by 
colour Doppler examination.

Evolution of appearances on cranial ultrasound in surviving 
infants post-HIE tends to be characterised by atrophy which is often 
more widespread than the extent of injury visualised on the acute 
imaging. The onset of atrophy can be rapid in severe cases, appear-
ing after 3–4 weeks. In practice, once the acute phase of HIE has 
passed and provided the infant remains clinically stable, there is 
little role for repeated cranial ultrasound. MRI scanning at the age 
of one year is often performed to evaluate the end-stage appear-
ances of the post-HIE brain.

Doppler ultrasound is able to detect the cerebral haemodynamic 
changes that occur in the hours to days following birth asphyxia, 
and Doppler-derived biomarkers have been shown to have a pre-
dictive value for neurological outcome.

A number of different patterns of haemodynamic response have 
been described in early HIE, all of which reflect to some extent the 

date, or with non-optimised ultrasound techniques.6 State-of-the-art 
ultrasound still has an important role in the evaluation of post-
asphyxiated infants, providing detailed structural and haemody-
namic information at the bedside without the logistical and safety 
issues involved with MRI.

Ultrasound findings

One of the earliest detectable changes on B-mode ultrasound is of 
transient brain swelling. This is often visible on early scans as 
effacement of the third and lateral ventricles (Fig. 65.15), with a 
return to normal ventricular visualisation after several days. Brain 
swelling may be accompanied by alterations in parenchymal  
echogenicity, but in the authors’ experience the transient loss of 
ventricular visualisation can be the only B-mode finding in cases of 
low grade HIE. 

The typical description of sonographic findings of brain paren-
chyma in HIE is of diffusely increased echogenicity of the brain 
parenchyma (Fig. 65.15). In the early phase, high-resolution imaging 
reveals an increase in echogenicity of the subcortical white matter, 
resulting in increased grey–white matter differentiation (GWMD) 

Figure 65.13 Arterial anatomy and periventricular 
leukomalacia. A: In the preterm infant the watershed areas 
between the basal and surface penetrating arteries fall in the 
periventricular area (modified from Volpe JJ. Brain injury in the 
premature infant – from pathogenesis to prevention. Brain and 
Development 1997; 19: 519–534, Figure 65.9). B: Typical location 
of PVL (modified from Weindling M. Clinical aspects of brain injury 
in the preterm infant. In: Lagercrantz H, Hanson M, Evrard P, 
Rodeck C. (Eds) The Newborn Brain: Neuroscience and Clinical 
Applications. Cambridge, UK: Cambridge University Press (2001). 
pages 443–478. Fig 20.1).
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Cranial ultrasound findings in HIE

• Brain swelling (ventricular effacement).
• Diffuse increased white matter echogenicity.
• Exaggerated grey–white matter differentiation.
• Basal ganglia echogenicity (particularly thalamic).
• Cortical echogenicity.
• Haemodynamic alterations demonstrated by Doppler.
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Figure 65.14 Periventricular leukomalacia in a 26-week gestational age infant. A: Day 28 scan showing areas of increased 
echogenicity in the periventricular regions bilaterally. B, C: Day 42 scan showing evolution to cystic PVL. Note also widening of 
subarachnoid spaces and ventricular enlargement as a result of progressive atrophy.
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Table 65.4 Clinical features and grading of HIE (adapted from Sarnat and Sarnat, 1976a)

Grade Mild Moderate Severe

Level of consciousness Alert Lethargy Coma
Tendon reflexes Normal or hypertonia Hypotonia Flaccidity
Primitive reflexes Uninhibited Depressed Absent
Autonomic function Sympathetic overactivity Generalised parasympathetic Both systems depressed
Seizures Absent Common; focal or multifocal ±Frequent and often refractory
Others Irritability, jitteriness Brainstem dysfunction ±Elevated intracranial pressure
Outcome Normal 20–40% abnormal 100% abnormal

aSarnat HB and Sarnat MS. Neonatal encephalopathy following fetal distress. A clinical and electroencephalographic study. Archives of Neurology, 
1976:33:696-705.
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Figure 65.15 Hypoxic ischaemic encephalopathy. Day 2 cranial 
ultrasound of a term infant showing effacement of the ventricular 
system with diffuse increase in echogenicity of the brain 
parenchyma.

Figure 65.16 Bilateral thalamic echogenicity following perinatal 
asphyxia.

Figure 65.17 Diffuse cortical ischaemic injury. A: Day 3 cranial ultrasound of a term infant showing diffuse swelling and 
hyperechogenicity of the cerebral cortex. B: Follow-up MRI at 2 months reveals cortical thinning and underlying gliosis in the perisylvian 
and parieto-occipital regions, particularly on the right. The frontal lobes are relatively spared.
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Figure 65.18 Watershed infarction. Term infant undergoing abdominal surgery in the first week of life. Watershed infarction thought to 
have resulted from haemodynamic instability during the perioperative period. A: Cranial ultrasound 1 day after surgery showing cortical 
swelling and hyperechogenicity in the parasagittal areas bilaterally. B: Ultrasound at 1 month showing more clearly defined bilateral 
parasagittal changes. Note the sparing of the paramedian anterior cerebral artery territories, and the onset of atrophy as evidenced by 
expansion of the ventricles and subarachnoid spaces.

A B

loss of cerebrovascular regulation following the ischaemic insult. 
Abnormal mCBV appears to be a robust marker of poor prognosis, 
with values greater than 3 standard deviations above or more than 
2 standard deviations below the normative mean having a 94% 
positive predictive value for death or severe disability.56 There is 
some evidence that those infants with low mCBV at 12 hours of age 
may have a slightly better prognosis than those with elevated 
mCBV.57,58 Derangements in vascular resistance are common in 
HIE. RI values below 0.55 (Fig. 65.19) are associated with a poor 
outcome,5,59 with an 84% positive predictive value of death or severe 
disability.56 Elevated RI values are seen when EDV is diminished, 
absent or reversed and are also considered a poor prognostic 
marker.60,61 It should, however, be noted that many of the studies 
of the utility of Doppler for predicting prognosis were performed 
in the late 1980s and early 1990s, and hence will not take account 
of potential improvements in prognosis due to recent improve-
ments in neonatal care.

Timing is of critical importance in view of both the normal physi-
ological changes following birth and the time course of cerebral 
haemodynamic changes in evolving HIE. Doppler measurements 
made within the first 6 hours are of little value as they are fre-
quently normal.57,62 By between 6 and 12 hours measurable differ-
ences in cerebral Doppler measurements of normal infants and 
those with HIE emerge,60 with robust data showing significant 
intergroup differences by 12 hours.57,58 Abnormal Doppler indices 
are present by 62 hours and are unlikely to emerge beyond this 
time.5 Abnormal Doppler measurements can return to normal as 
early as day 2, and are usually all normalised by day 7.63 Thus it 
can be seen that there is a relatively short window for optimal 
detection of Doppler abnormalities which lies between 12 and 36 
hours post-delivery.

Cerebral haemodynamic parameters can potentially be affected 
by a number of other physiological factors present in (or imposed 
upon) encephalopathic neonates. Cardiovascular parameters such 
as myocardial dysfunction64 and patent ductus arteriosus65 can 
impact on cerebral circulation. Therapeutic measures such as ino-
tropic support66 or indomethacin administration67 can potentially 
affect Doppler measurements. Mechanical ventilation does not 

appear to alter cerebral haemodynamics per se, but arterial carbon 
dioxide levels, which may be altered by mechanical ventilation, can 
affect cerebral blood flow.68 Hypocapnia (PaCO2 <30 mmHg) 
can result in loss of end-diastolic flow. Conversely, hypercapnia can 
result in elevated end-diastolic flow due to vasodilatation in cere-
bral arterioles.69 Induced hypothermia is used as a therapeutic 
measure for HIE in some centres, and is associated with modest 
reduction in heart rate and stroke volume, and reduction in cardiac 
output by up to 67% of the level following rewarming.70 At present, 
the effect of induced hypothermia on Doppler measurements of 
cerebral haemodynamics in HIE is unclear, and the relationship 
between Doppler measurements and outcome is undefined in this 
group of patients.

Arterial infarction
Perinatal arterial territory infarction can occur in term infants as an 
apparently sporadic and idiopathic event. Such infants typically 
have an absence of clinical evidence of significant hypoxia or 
haemodynamic compromise, and have good Apgar scores at birth. 
Infants often present with seizures in the first 72 hours, but presen-
tation can be delayed or cases may be identified incidentally during 
neuroimaging of the neonate for other reasons.71 A prevalence of 
between 1 in 2300 and 4000 live births has been estimated based on 
symptomatic cases undergoing imaging, but the true incidence is 
unknown.72,73 There is a male predominance, with 60% of neonatal 
strokes occurring in males infants.74 The cause of neonatal arterial 
stroke remains unclear, but a high incidence of thrombophilia has 
been noted in these infants.75

The vast majority of arterial strokes occur in the MCA territories, 
although anterior and posterior cerebral artery territory infarcts 
also occur.71 MCA territory infarction may involve the entire terri-
tory or cortical branches of the MCA territory. Arterial infarction is 
usually unilateral, although smaller areas of infarction can be 
present in the contralateral hemisphere, and occasionally the infarc-
tion can be truly bilateral. For unknown reasons, the left cerebral 
hemisphere is more frequently affected than the right hemisphere.
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lateralisation and site of the stroke in just over half of cases.71 As 
with all ultrasound there is heavy dependence on the skill and 
knowledge of the user and the technical qualities of the system 
being used, but the general recommendation is that when arterial 
infarction is suspected clinically, whether CUS demonstrates a 
lesion or not, MRI scanning should be performed to confirm.

Parenchymal haemorrhage in term infants

Parenchymal haemorrhage in term infants can occur due to abnor-
malities of clotting including fetal alloimmune thrombocytopenia, 
following infarction or in the presence of underlying structural 
abnormalities such as an arterior venous malformation (AVM). 
Often, however, no underlying cause is found. Presentation is most 
commonly with seizures.77 CUS demonstrates the haemorrhage as 
large solitary areas of echogenicity with associated mass effect (Fig. 
65.21). The centre of the haematoma often shows heterogeneous 
hypoechogenicity consistent with liquefaction of haematoma. These 
areas proportionately increase and become more sonolucent as the 
haematoma matures and the blood products clear, until a residual 
cystic cavity remains.

There is growing awareness of the incidence of cerebellar haem-
orrhage in preterm infants.78,79 The cause is not clear, but GMH-IVH 
or PHI are present in three-quarters of affected infants. This pattern 
of haemorrhage should be specifically looked for in preterm infants 
(Fig. 65.22).

Venous thrombosis and infarction
Venous thrombosis occurs in childhood at an estimated rate of 0.67 
per 100 000 children per year, and within this group is most fre-
quently seen in the neonatal group.80 Risk factors for the develop-
ment of venous thrombosis in neonates includes dehydration, 
sepsis, perinatal complications and prothrombotic states. Presenta-
tion is most commonly with seizures, decreased conscious level, 
jittery movements and occasionally focal neurology such as hemi-
paresis or cranial nerve signs.

Venous thrombosis leads to venous congestion and subsequent 
infarction and haemorrhage. The distribution of the parenchymal 
changes depends on the vessel involved. Thrombosis of the straight 

On ultrasound, acute arterial infarction appears as an area of 
echogenicity and swelling. In this regard, the appearances are non-
specific, but the shape and distribution of the changes are charac-
teristic for arterial territory infarction. The area of echogenicity and 
swelling is often wedge-shaped and conforms to the vascular terri-
tory. The cortex in particular may appear thickened and echogenic. 
Infarction of cortical branches will appear as smaller, more periph-
erally located areas of wedge-shaped echogenicity, again with corti-
cal involvement.

Less commonly, territorial infarction of the basal perforating 
arteries may occur, particularly the lenticulostriate and thalamic 
perforator groups, which can also be detected on CUS. These tend 
to be seen as well-defined echogenic areas in the basal ganglia (Fig. 
65.20), which may be single lesions representing a solitary perfora-
tor event, or may be multiple or associated with cortical infarction 
in the MCA territory suggesting a common thrombotic or embolic 
aetiology.

While it is clear that CUS can demonstrate arterial infarction, 
there has been debate regarding the value of the technique, with 
sensitivities for acute stroke of as low as 30% being reported.76 
When performed in the first 3 days CUS is abnormal in 68% of 
arterial strokes, and this figure can increase to 86% if CUS is per-
formed between 4 and 14 days. However, even with this higher  
rate of detection of abnormality CUS only predicted correct 

Figure 65.19 Doppler ultrasound in hypoxic ischaemic 
encephalopathy. Infant aged 18 hours following perinatal 
asphyxia. Resistive index of the anterior cerebral artery was 
measured as 0.50.

Figure 65.20 Solitary perforator infarct (arrow) in the right lateral 
thalamus/internal capsule.
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is compromised, and cerebellar haemorrhage may occur if cerebel-
lar draining veins are occluded.

The parenchymal findings on cranial ultrasound are of swelling 
and increased echogenicity, which may become more heterogeneous 
in the presence of overt haemorrhagic transformation of the venous 
infarct (Fig. 65.23). Recognition of the patterns of parenchymal 
changes is key to raising the possibility of venous thrombosis.

sinus, vein of Galen and internal cerebral veins results in injuries 
to the deep cerebral structures, particularly the thalami. The tha-
lamic changes are often bilateral but not always symmetrical. 
Thrombosis of superior sagittal sinus leads to changes in the frontal 
and parietal parasagittal territories drained by cortical venous trib-
utaries to the sinus. Transverse or sigmoid thrombosis may result 
in temporal lobe involvement if the drainage of the vein of Labbé 

Figure 65.21 Left parietal parenchymal haematoma. Cranial ultrasound showing (A) echogenic haematoma in the centrum semiovale, 
with (B) a hypoechoic cystic area immediately dorsally. C, D: Respective axial T2-weighted MRI demonstrating close correlation with the 
cranial ultrasound findings.
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Thrombosed dural sinuses appear echogenic and expanded, and 
demonstrate an absence of flow on Doppler ultrasound (Fig. 
65.23B).81 Care must be taken not to mistake the absence of colour 
flow due to angle of insonation as thrombosis, and angulation of 
the probe or examination of the same segment of the vessel from 
different angles can help to overcome this error. Furthermore, inad-
vertent compression of the superior sagittal sinus during scanning 
via the anterior fontanelle can lead to marked reduction in venous 
flow (Figs 65.7A and B) and hence false positive diagnosis of venous 
thrombosis. Doppler ultrasound is a useful tool for diagnosing or 
excluding the majority of venous sinus thromboses at the bedside, 
which may be helpful in critically ill infants, but confirmation of the 
finding by MRI should be sought.80

Lenticulostriate vasculopathy
Lenticulostriate vasculopathy (LSV) is the term given to the appear-
ance of prominent echogenicity of the lenticulostriate vessels and 
associated perivascular spaces. The typical sonographic appearance 
is of linear branching echogenicities in the region of the basal 
ganglia and thalamus, often referred to as a ‘candelabra’ appear-
ance (Fig. 65.24). The vascular nature of these linear echogenicities 
can be easily confirmed by colour Doppler ultrasound.82

Histopathologically LSV is characterised by thickened hypercel-
lular walls without hyalinisation or fibrosis, and deposition of 
amorphous basophilic material, calcium and iron in the vessel wall 
and perivascular space.83 LSV has been found in association with a 
number of abnormal states including in-utero TORCH infection, 
particularly cytomegalovirus, congenital malformations, hypoxic/
ischaemic events and fetal exposure to maternal substances of 
abuse.83,84 However, it is clear from clinical practice that LSV fre-
quently occurs in infants who do not have any of the described 
causes and who have an unremarkable clinical course. In a large 
prospective study of infants receiving neonatal care, 2.5% were 
found to have LSV, and this was bilateral in nearly half of cases.83 
Compared to control infants without LSV, the LSV group included 
more multiple births, but did not have any other adverse features 
or outcomes, suggesting that the presence of LSV per se carries no 
direct prognostic significance.

Figure 65.22 Preterm infant with left sided cerebellar 
haemorrhage (arrows). Note also bilateral IVH with ventricular 
dilatation.

Figure 65.23 Venous haemorrhagic infarction. A: Coronal section demonstrating a thalamic-based haematoma undergoing 
liquefaction. Haemorrhage has extended into the adjacent lateral ventricles with hydrocephalus. B: High-resolution coronal colour Doppler 
imaging shows no flow in the superior sagittal sinus.
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If suspected clinically, or on B-mode ultrasound findings, detailed 
examination of the venous sinuses should be made using colour 
Doppler or power Doppler ultrasound. With meticulous technique, 
the majority of the dural venous system can be visualised by cranial 
ultrasound.
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the most common pathogens. The more common sequelae of intrac-
ranial sepsis and meningitis are cerebritis and abscess, subdural 
effusions and empyema, infarction, ventriculitis, hydrocephalus 
and end-stage encephalomalacia and atrophy.

Meningitis is primarily a clinical diagnosis, which is confirmed 
by a lumbar puncture and culture of the infective organisms. CT 
and ultrasound are used in severe cases to assess the sequelae of 
the infection. Both bacterial and viral agents may cause meningitis, 
but it is predominantly the bacterial infections that produce ana-
tomical cerebral damage. Ultrasound may detect increased reflec-
tivity of the sulci secondary to leptomeningeal inflammation and 
pus,91,92 but it is usually unhelpful in the early acute phase. Cerebral 
vasculitis and thrombophlebitis may prevail and, coupled with 
oedema, result in focal or diffuse highly echogenic lesions. Within 
these areas of abnormality infarction or abscesses may develop, 
often multiple. Cerebral infarction may be segmental or gyral in 
distribution.87 Gyral infarction is seen on ultrasound as characteris-
tic swelling of the cortex.

Cerebral abscesses in neonates are usually secondary to bacterial 
meningitis, particularly involving Citrobacter (Fig. 65.27) and Proteus 
spp. They may develop into large hemispheric lesions. Venous sinus 
thrombosis may also occur, producing more complex patterns of 
brain injury, including venous ischaemia and haemorrhage. The 
resultant damage, in surviving infants, is widespread areas of 
encephalomalacia, gliosis and atrophy, with the architecture of the 
brain grossly destroyed and a diffuse increase in reflectivity and/
or multicystic change.

Subdural effusions are seen in older infants, most commonly in 
association with H. influenzae. Ultrasound can readily detect the 
extra-axial nature of the fluid and differentiate it from prominent 
subarachnoid effusions, which are also frequently present (Fig. 
65.28).91 The subdural collections may be echo-free but more often 
contain low levels of reflectivity indicative of mobile particulate 
matter, or may contain septations (Fig. 65.29). The more reflective 
the collection, the more likely it is to represent an empyema. CT or 
preferably MRI scanning with contrast should be performed if this 
diagnosis is suspected, and the fluid explored either by percu-
taneous aspiration or at craniotomy with evacuation of these life-
threatening collections.

Involvement of the choroid plexuses and spread to the ventricu-
lar system results in ventriculitis and hydrocephalus.93 The 

INFECTION

Prenatal causes

Congenital infections with cytomegalovirus, rubella, herpes simplex 
and Toxoplasma gondii all cause variable degrees of cerebral abnor-
mality, the extent and severity depending on the stage of matura-
tional development the brain had reached at the time of infection. 
Rubella and herpes simplex both infect the brain, and ultrasonic 
changes of ventriculitis have been described in rubella,85 with cal-
cification seen on CT in both herpes and rubella.86 Toxoplasmosis 
may cause ventriculomegaly with associated cerebral calcification, 
and has been recognised in utero. Calcification is seen in the thala-
mus, the basal ganglia and in a periventricular distribution, as well 
as in the cerebral cortex (Fig. 65.25). There are also recognised 
systemic manifestations. Cytomegalovirus classically produces 
periventricular calcifications which can be detected with ultra-
sound,87 although they are more easily recognised on CT. They have 
also been detected in utero.88 Lenticulostriate vasculopathy is also 
a recognised finding, but is not specific.

HSV type 2 is the most common congenital infection to present 
with overt neurology at birth. Parenchymal involvement is often 
patchy and widespread, and does not necessarily conform to the 
temporal lobe distribution which is more common in childhood and 
adult infection (which is more often due to HSV type 1). Cranial 
ultrasound shows increased echogenicity and swelling of involved 
parenchyma (Fig. 65.26), and haemorrhage may occur. As the acute 
phase subsides there may be rapid onset of encephalomalacia and 
atrophy with enlargement of the ventricular system.89,90 Cystic 
change and dystrophic cortical calcification frequently develop in 
the injured brain parenchyma.

Postnatal causes

Meningitis is the most commonly encountered form of intracranial 
infection in the neonate and older infant. Preceding focal sepsis or 
bacteraemia is usual, with group B streptococci, Haemophilus influ-
enzae, Streptococcus pneumoniae and Neisseria meningitidis being 

Figure 65.24 Lenticulostriate vasculopathy. A: Branching linear echogenicities with (B) prominent flow detected on colour Doppler 
ultrasound.
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ventricular margins become more echogenic, indicating a general-
ised ependymitis. Particulate debris may be seen floating in the 
ventricles,91 becoming particularly evident as the child moves or 
cries, thereby stirring up the debris. As the disease progresses mul-
tiple septations and band adhesions appear, with the evolution of 
often complex and multicompartmentalised hydrocephalus which 
is frequently resistant to effective shunting. The hydrocephalus is 
compounded by fibrinous basal arachnoiditis, which may result in 
a grossly enlarged and loculated fourth ventricle.

In the special care baby unit fungal infection with Candida albicans 
is becoming more frequent; it particularly affects the brain, heart 
and kidneys, brain involvement occurring in two-thirds of cases of 
systemic candidiasis. Cerebral infection with Candida manifests as 
multifocal ill-defined echogenic areas throughout the brain paren-
chyma (Fig. 65.30). As the lesions evolve they may develop hypoe-
chogenicity centrally, presumably representing central liquefaction. 
Transient, minor ventricular dilatation is a common feature. In the 
healing phase the lesions often disappear completely on ultra-
sound, or may develop into discrete echogenic foci representing 
calcification. These lesions can be seen on MRI, but in the authors’ 
experience CUS is often more sensitive than MRI for detecting the 
parenchymal lesions in the acute phase, and screening CUS should 
be considered in infants on the neonatal unit with Candida isolated 
from blood or other sites.94,95

HYDROCEPHALUS

Hydrocephalus is an excessive accumulation of cerebrospinal fluid 
(CSF) leading to expansion of the ventricular system, the subarach-
noid spaces overlying the brain, or a combination of both. The 
aetiology is an imbalance between the production and absorption 

Figure 65.25 In-utero toxoplasmosis. A: Coronal section showing strong periventricular and thalamic reflectivity with intraventricular 
debris and septations. B: Axial CT scan more clearly demonstrates the extensive calcifications, but the intraventricular abnormalities are not 
as clearly identified.

A B

Figure 65.26 Neonatal HSV encephalitis. Extensive bilateral 
parenchymal echogenicity and swelling, particularly involving the 
temporal lobes, peri-insular areas, the thalami and the right 
cingulate gyrus. (Image courtesy of Dr Fiona Dickinson.)
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basal arteries) during systole leads to transmission of the cardiac 
pulsations to the CSF.

Hydrocephalus is described as communicating (extraventricular 
obstruction to CSF flow) or non-communicating (intraventricular 
obstruction to CSF flow, the level of obstruction being up to the 
level of the outlet foramina of the fourth ventricle). Rarely excessive 
CSF production may result in hydrocephalus, as is said to occur 
with choroid plexus papillomas, although intraventricular haemor-
rhage and excessive protein production by these tumours may con-
tribute by impairing CSF resorption.

of CSF, or an obstruction to the free flow of CSF. CSF is primarily 
produced by the intraventricular choroid plexus, after which there 
is flow through the ventricular system and into the basal cisterns 
via the foramina of Luschka and Magendie. The CSF then circulates 
around the spinal cord and basal cisterns before being resorbed by 
the arachnoid granulations adjacent to the major dural venous 
sinuses, with additional sources of resorption in the cranial nerves 
and probably the brain itself. In addition to this bulk flow, CSF 
undergoes to-and-fro motion with the cardiac cycle. Expansion of 
the brain tissue (and to a lesser extent the choroid plexuses and 

Figure 65.27 Citrobacter meningitis with abscess. A: Left parasagittal cranial ultrasound showing round echogenic area (arrows) 
adjacent to the frontal horn, with debris in the lateral ventricle. B: Subsequent post-contrast cranial CT showing free communication 
between the abscess cavity and the left frontal horn, with further areas of abscess formation adjacent to the right frontal and  
temporal horns.

A B

Figure 65.28 Right paramedian subdural effusion (SD) can be 
seen as clearly separate from the underlying subarachnoid (SA) 
space.

SD

SA

Figure 65.29 Septated left paramedian subdural collection.
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herniation of the ventricles, particularly the medial part of the 
trigone of the lateral ventricle into the superior cerebellar cisterns, 
mimicking an arachnoid cyst. Less common causes of acquired 
hydrocephalus are tumours and cysts obstructing the ventricles  
at varying sites, the sequelae of meningitis and post-traumatic  
communicating hydrocephalus.

Congenital causes include X-linked aqueduct stenosis, hydro-
cephalus associated with the Chiari II malformation (particularly 
following repair of an associated myelomeningocele), and the 
Dandy–Walker malformation. Aqueduct stenosis is seen as dilata-
tion of the lateral and third ventricles with a normal fourth ventri-
cle. If the diagnosis is delayed the massive dilatation may mimic 
other congenital anomalies, such as hydranencephaly and holo-
prosencephaly (Fig. 65.33). In such cases near-field ultrasound can 
be useful for differentiation by the demonstration of the presence 
of the inter-hemispheric fissure, which should be present in cases 
of hydrocephalus. The diagnosis of congenital hydrocephalus is 

For the cranial ultrasound practitioner, hydrocephalus is likely to 
occur in one of two main contexts. The first is in infants encountered 
on the neonatal unit who are being examined for complications of 
prematurity or for suspected or known intracranial sepsis. The 
second is in infants who have been found by the health visitor or 
clinician to have a large head or rapidly increasing head circumfer-
ence with a full or bulging anterior fontanelle.

In the neonatal unit hydrocephalus is most commonly the sequel 
of post-haemorrhagic hydrocephalus or infection (either as a pre- or 
a postnatal event). A combination of factors most probably applies. 
Intraventricular obstruction secondary to blood clots and an epend-
ymal reaction, particularly at the aqueductal level (Fig. 65.31 and 
Fig. 65.35A), occurs in association with a basal adhesive arachnoidi-
tis and impaired function of the arachnoid granulations (Fig. 65.32). 
Intraventricular septations are frequently identified. Complex 
cases, particularly following surgical intervention, can be associated 
with loculated compartments of the ventricular system and focal 

Figure 65.30 Cerebral candidiasis in a 2-week-old preterm infant with candidaemia. A: Coronal and B: parasagittal ultrasound images 
showing diffuse, ill-defined parenchymal echogenicities. C: Scan at 6 weeks of age following treatment shows multiple discrete highly 
echogenic foci consistent with healing lesions.

A

B
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hemispheres, particularly overlying the frontal convexities, and in 
the inter-hemispheric fissure.96 There is associated mild or moderate 
ventricular dilatation. The syndrome occurs in the first year of life, 
the infant presenting with a large head crossing the centile charts 
and/or exceeding the 95th centile, and is usually a self-limiting 
process that resolves without treatment, in most cases by 2 years of 
age.97 It should be remembered that the extracerebral subarachnoid 
spaces in infants are larger than in older children and adults. 

now often made in utero by ultrasound and evaluated further by 
fetal MRI, enabling management plans to be made early on, includ-
ing termination of the pregnancy.

Another important type of hydrocephalus in infancy is external 
hydrocephalus (EH). This is a form of communicating hydrocepha-
lus, thought to result from transient immaturity of the arachnoid 
granulations or villi, and is characterised by an enlargement (in 
excess of 5 mm) of the subarachnoid spaces overlying the cerebral 

Figure 65.31 Obstructive hydrocephalus. A: Clot (arrow) occluding the midbrain aqueduct. Note also irregular echogenicity posterior to, 
and distorting, the fourth ventricle, consistent with cerebellar haematoma. B: Corresponding sagittal T1-weighted MRI demonstrates high 
signal clot plugging the aqueduct (arrow), as well as haematoma in the anterior third ventricle and the cerebellum, and subdural 
haemorrhage in the posterior fossa.

A B

IIIrd

IVth

Figure 65.32 CSF resorption block. A: Day 8 ultrasound showing right GMH, with minor ventriculomegaly and bilateral ependymal 
echogenicity, indicative of IVH. B: Ultrasound at 2 months demonstrated persistent mild ventriculomegaly and marked widening of the 
subarachnoid spaces over the high cerebral convexities.

A B
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hydrocephalus, such as blood clots, adhesions or mass lesions. 
However, when the cause of hydrocephalus is not seen, the level of 
obstruction to CSF flow can often be postulated from the imaging 
findings; obstruction at the level of the foramina of Monro leads to 
lateral ventricular dilatation, at the level of the aqueduct leads to 
third and lateral ventricular dilatation, and at the level of the fourth 
ventricular outflow or in the extraventricular compartment leads to 
dilatation of all ventricles.

Serial ultrasound images and measurements demonstrating pro-
gressive hydrocephalus should prompt discussion between clini-
cians and the neurosurgical team to allow timely intervention, if 
required. Ultrasound can also be utilised to assess the efficacy of 
ventricular shunting procedures, avoiding the need for CT scanning 
with its accompanying radiation burden. Additionally, ultrasound 
may reveal focal areas of brain parenchymal injury following thera-
peutic ventricular aspiration for the treatment of hydrocephalus 
(Fig. 65.34).

Libicher and Tröger suggest an upper limit of 3 mm, measured  
as the distance from the superior sagittal sinus to the adjacent  
cortex on coronal ultrasound scans in normal infants.98 Others have 
suggested that the figure should be higher.99 In the authors’ experi-
ence 4–5 mm is generally the upper limit; however, the figure must 
not be taken in isolation but should be correlated with serial head 
circumference measurements and the clinical context.

Ultrasound evaluation

The characteristic finding of hydrocephalus is of enlargement of the 
ventricles. Numerous authors have outlined the normal ventricular 
measurements (see Table 65.1) and these indices can be used to 
confirm the diagnosis and monitor the cause of hydrocephalus. 
Cranial ultrasound will often demonstrate the cause of 

Figure 65.33 Gross congenital hydrocephalus secondary to aqueduct stenosis. A: Coronal ultrasound could be misinterpreted as 
holoprosencephaly (compare with Fig. 65.38), but near-field ultrasound (B) demonstrates the presence of the inter-hemispheric fissure. 
C: Correlating coronal T2-weighted MRI scan.
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and readers are referred to specialist texts considering this area in 
more detail.101,102 MRI has become the gold standard for imaging 
congenital central nervous system malformations, but ultrasound 
can provide useful information on structural brain abnormalities. 
Ultrasound is often the first imaging used when congenital  
abnormality is suspected based on fetal ultrasound, fetal MRI or 
clinical features, and hence operators need to be familiar with the 
patterns and spectrum of congenital malformations. In this section, 
the sonographic appearances of some of the more common and 
more important malformations are discussed, but it should be 
noted that the discussion is by no means exhaustive.

Dysgenesis of the corpus callosum

The corpus callosum is the major commissural tissue connecting the 
two cerebral hemispheres. It forms during the first 8–12 weeks of 
gestation and is derived from the lamina terminalis. Growth prob-
ably proceeds superiorly and posteriorly. An insult before the 12th 
gestational week results in callosal agenesis. The midline fibres do 
not cross but become orientated postero-anteriorly as the bundles 
of Probst, lying along the superomedial aspect of the lateral ventri-
cles. There is characteristic elongation and superior displacement 
of the third ventricle, wide separation of the lateral ventricles, with 
narrow peaked anterior horns and dilatation of the occipital  
horns (Fig. 65.36). The sulci, which normally parallel the corpus 
callosum, may be seen to diverge radially from the abnormal third 
ventricle in the midline sagittal view.

Destructive insults, such as infection or ischaemic injury, occur-
ring after formation of the corpus callosum lead to secondary  
callosal dysgenesis and varying degrees of partial absence. The 
posterior half of the corpus callosum tends to be predominantly 
affected. The varying degree of dysgenesis is reflected by the  
ultrasound appearances with variable displacement of the third 
ventricle.103–105 The clinical sequelae of the isolated anomaly are 
surprisingly mild, the diagnosis sometimes being made incidentally 
in apparently normal adults. This condition may be associated with 
other cerebral abnormalities, including the Chiari II malformation, 
encephaloceles, the Dandy–Walker malformation, inter-hemispheric 
arachnoid cysts and intracranial lipomas. In these cases the neuro-
logical deficit tends to be more severe.

Dandy–Walker complex

Included in this group is the true Dandy–Walker (DW) malforma-
tion, which is associated with a large posterior fossa and ballooned 
fourth ventricle, and inferior vermian and cerebellar hypoplasia. 
The DW variant represents a lesser degree of vermian hypoplasia 
and fourth ventricular dilatation. A mega-cisterna magna and 
Blake’s pouch cyst come into the syndrome complex.106,107

The DW malformation is commonly diagnosed in utero108,109 by 
the demonstration of a large posterior fossa cyst associated with 
dilatation of the lateral ventricles (Fig. 65.37). The cyst is the result 
of atresia of the foramina of Magendie and Luschka, producing 
enlargement of the fourth ventricle and a small cerebellum with an 
absent inferior vermis. The dilatation of the lateral ventricles  
is disproportionate to the size of the cyst. There are reported  
associations with other anomalies, including encephaloceles,  
agenesis of the corpus callosum and malformations of cortical 
development.101

Retrocerebellar fluid collections appear as an anechoic space 
located behind the inferior vermis extending to the posterior lip of 
the foramen magnum. There is often lateral extension behind the 
cerebellar hemispheres, which can be asymmetrical. Linear bands, 
thought to be dural reflections, are sometimes seen running inferi-
orly through the fluid.21 This appearance may be due to mega cis-
terna magna or Blake’s pouch cyst, both of which are putatively 
part of the Dandy–Walker complex, or an unrelated arachnoid cyst. 
In the latter there is no communication between the fluid collection 
and the fourth ventricle. In practice, differentiation of these entities 

In the case of EH, ultrasound can be of crucial importance in dif-
ferentiating the excess of fluid overlying the cerebral hemispheres 
from subdural hygromas. In EH ultrasound clearly demonstrates 
the excess fluid residing in the subarachnoid compartment and 
dipping into the sulci whereas subdural collections flatten the 
surface of the brain. The ultrasound findings of EH in isolation may 
be difficult to differentiate from atrophy, from whatever cause. 
However, these entities can be separated clinically as the latter is 
marked by a small head or declining head circumference on serial 
measurements.

Colour flow Doppler plays a useful role in determining the 
patency of the ventricular system in infants with hydrocephalus.100 
Particulate matter and microbubble formation in CSF passing 
through the aqueduct results in flow-related colour-encoded jets 
(Fig. 65.35). CSF flow produces a highly characteristic sinusoidal 
spectral Doppler waveform indicative of the cyclical to-and-fro 
motion of CSF within the ventricular system (Fig. 65.35C). Sagittal 
imaging examining the mid- and hindbrain allows assessment of 
patency of the aqueduct and fourth ventricular outflow foramina. 
In the presence of dilatation of the supratentorial ventricles, com-
plete absence of flow through the aqueduct is strongly suspicious 
for obstruction at this level, whereas free passage of CSF through 
the ventricles and out into the basal cisterns confirms a diagnosis 
of communicating hydrocephalus.

CONGENITAL MALFORMATIONS

Congenital malformations occur as a result of primary errors of 
development or from destructive injuries in utero. Classification of 
congenital abnormalities of the central nervous system is complex, 

Figure 65.34 Parenchymal injury following therapeutic 
ventricular aspiration. Coronal ultrasound showing irregular 
heterogeneous echogenicity along the line of needle tract (arrows). 
Intraventricular CSF under high pressure is presumed to leak into 
the parenchyma at the time of aspiration leading to the appearance 
of multiple small cysts.

Right lateral
ventricle
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thickness of cerebral tissue (Fig. 65.38). The third ventricle is absent 
or small in alobar holoprosencephaly and is incorporated into the 
single ventricle in the semilobar form. In the alobar type the fourth 
ventricle is present but the aqueduct may be small.

Lobar holoprosencephaly is the least severe type, with absence 
of the septum pellucidum producing squaring of the frontal horns. 
The cerebellum and midbrain are normal in all types.

Isolated absence of the septum pellucidum is rare110,111 but can be 
an incidental finding on cranial ultrasound (Fig. 65.39). Careful 
evaluation of the rest of the brain is required to exclude associated 
abnormalities. An absent septum can be associated with abnormali-
ties of the optic apparatus and hypothalamic-pituitary axis in septo-
optic dysplasia (De Morsier’s syndrome), which has overlaps with 
lobar holoprosencephaly. When an absent septum is incidentally 
found by cranial ultrasound, clinical review is advisable and MRI 
examination should be considered.

Disorders of sulcation and migration

Occurring between the second and sixth months of gestation, 
abnormalities of the process of neuroblast formation, radial and 

is rarely possible on CUS, and is of little value if asymptomatic and 
without other associated abnormalities. However, the finding of 
enlarged cisterna magna should prompt detailed examination of 
the brain for other features of the Dandy–Walker complex.

Holoprosencephaly

Failure of the prosencephalon of the 5–10-week-old fetus to divide 
into two telencephalic vesicles (to form the cerebral hemispheres) 
and the diencephalon (to form the thalamus and hypothalamus) 
results in varying degrees of fusion of the cerebral hemispheres, 
thalami and olfactory tracts. The result is a spectrum of abnormali-
ties, ranging from a large single midline ventricle with a dorsal cyst 
(alobar), partial division of the cerebral hemispheres but fused 
thalami (semilobar), to minimal failure of separation of the frontal 
lobes accompanied by absence of the septum pellucidum (lobar). 
These children also have varying degrees of hypotelorism, with 
cyclops being the most severe. Other midline defects may be associ-
ated, such as cleft palate and nasal abnormalities, including rudi-
mentary nose and median proboscis.

The ultrasonic appearances in the alobar and semilobar types are 
a single, dilated ventricle with fused thalami and a variable 

A B
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Figure 65.35 Doppler evaluation of CSF flow through the 
midbrain aqueduct in post-haemorrhagic hydrocephalus.  
A: Power Doppler image showing lack of flow through the 
aqueduct, resulting from adhesions at the level of the aqueduct.  
B: Colour Doppler showing patent midbrain aqueduct with a large 
CSF flow jet. C: Spectral recording of CSF flow through a patent 
aqueduct demonstrating the typical sinusoidal pattern of to-and-fro 
flow.
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hourglass in the coronal plane. Two types are encountered. In type 
I lissencephaly (Miller–Dieker, Norman–Roberts syndromes) micro-
cephaly, facial dysmorphism and severe mental disability are the 
rule. On ultrasound, and particularly on MRI, the cerebral cortex 
resembles a 24-week fetus with no cerebral sulci and wide sylvian 
fissures.112 Type II lissencephaly (characterised by the Walker–
Warburg syndrome) typically presents with macrocephaly second-
ary to obstructive hydrocephalus. Ultrasound can help to identify 

tangential migration to the cerebral cortex result in a spectrum of 
disorders which includes lissencephaly, focal or diffuse cortical 
dysplasias, schizencephaly and grey matter heterotopias. Injuries 
(infective or ischaemic) at an early stage can disrupt normal cortical 
development, but some of these lesions are due to chromosomal 
deletional abnormalities.

In lissencephaly the cerebral sulci and gyri fail to develop fully, 
with a thick smooth four-cell layered cortex resembling an 

Figure 65.36 Agenesis of the corpus callosum. A: Sagittal image demonstrates radially orientated sulci and a high-riding third ventricle. 
B: Coronal scan shows the widely separated lateral ventricles and absent corpus callosum.

A B

Figure 65.37 Dandy–Walker malformation. A: Midline sagittal fetal MRI at 32 weeks gestation showing large posterior fossa cyst and 
dysplastic small vermis. B: Sagittal cranial ultrasound on the first day of life. Note the corpus callosum is present in this case.

A B
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Tuberous sclerosis

Tuberous sclerosis is characterised clinically by the triad of adenoma 
sebaceum, mental disability and seizures. Hamartomatous lesions 
are the hallmark and may be present in all parts of the brain. A 
subependymal location is most common and may be detected as a 
small focal highly reflective nodule in the wall of the lateral ventri-
cle (Fig. 65.41).

the agyric cortex, despite severe ventricular dilatation, which can 
be difficult to identify on CT scanning.

Schizencephaly represents a focal abnormality or area of damage 
to the radially migrating neuroblasts, resulting in closed (fused)  
or open-lipped trans-cerebral clefts lined by dysplastic, most often 
polymicrogyric, cortex. The open-lipped type may be easily diag-
nosed by ultrasound, where a transonic cavity extends from the 
surface of the brain to fuse with the lateral wall of the lateral ven-
tricle (Fig. 65.40). Focal eversion or outpouching of the ventricular 
margin in addition to the polymicrogyric lining of the cyst charac-
terises this type of lesion, helping to differentiate it from other 
destructive juxtaventricular cystic abnormalities. Although ultra-
sound can make the diagnosis, a more complete evaluation requires 
MRI, particularly for the closed-lipped type and to define the asso-
ciated cortical dysplasia that is invariably present.

Figure 65.38 Alobar holoprosencephaly. A: Coronal and (B) sagittal images. Large single midline ventricle with dorsal cyst. Note the 
absence of the inter-hemispheric fissure, fusion of the thalami and absence of the third ventricle.

A B

Figure 65.39 Absence of the septum pellucidum.

Figure 65.40 Open-lipped schizencephaly. Coronal section 
demonstrating a wide trans-cerebral cleft (arrow) in the left cerebral 
hemisphere.
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Destructive brain lesions

Hydranencephaly results from in-utero occlusion of the supracli-
noid internal carotid arteries between the 12th and 26th weeks of 
gestation. This may result from a variety of causes, including infec-
tion and trauma, and leads to destruction of the formed cerebral 
hemispheres. A fluid-filled membranous sac fills the calvarium (Fig. 
65.42) but the falx is still present, differentiating this condition from 
holoprosencephaly. There is preservation of a varying amount of 
frontal and occipital lobe, and the thalami, basal ganglia, midbrain 
and posterior fossa contents are essentially normal. Macrocephaly 
is usual, though the head may be normal or even small in size.

Destruction of brain tissue in the first or early second trimester 
results in areas of cystic damage without a gliotic reaction. The 
resultant lesion, referred to as porencephaly, may or may not com-
municate with the ventricles and is not lined by grey matter, unlike 
schizencephaly. The term porencephaly should be restricted to true 
in-utero causes of cystic brain damage.

METABOLIC DISORDERS

Hypoglycaemia

Hypoglycaemia during the neonatal period can lead to neurological 
dysfunction and brain injury. The infant brain is relatively resistant 
to mild transient hypoglycaemia, which is often asymptomatic, due 
to its ability to metabolise non-glucose organic substrates such as 
ketones, fatty acids, lactate and pyruvate to provide energy.113 
Severe hypoglycaemia, however, is often symptomatic and presents 
with stupor, tremulousness, seizures and respiratory depression. 
Patients at high risk for developing severe hypoglycaemia during 
the immediate postnatal period include infants born to diabetic 

Figure 65.41 Tuberous sclerosis. A: Right parasagittal image showing subependymal nodules, with (B) corresponding CT.

A B

Figure 65.42 Hydranencephaly. Coronal section showing the 
fluid-filled sac almost completely replacing the cerebral 
hemispheres. The thalami and a small portion of the medial 
temporal lobes are preserved.
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Neoplasms

Neoplasms in the infant brain are very rare, with an incidence of 2 
per 100 000.118 The majority of brain tumours in children under 1 year 
of age are supratentorial119 and are therefore readily accessible to 
diagnosis by ultrasound. Primitive neuroectodermal tumours, atypi-
cal teratoid rhabdoid tumours, astrocytomas, ependymomas and 
choroid plexus tumours are the most common histological types.120 
MRI now forms the mainstay of diagnostic imaging in infantile 
intracranial tumours, but ultrasound remains a useful tool for iden-
tifying and characterising intracranial masses.121–123 Ultrasound can 
also be used intraoperatively to identify the site of the tumour and 
monitor the progress of the procedure.124

Almost all are large at presentation and of heterogeneously 
increased echogenicity (Fig. 65.44). Cystic foci and highly reflective 
punctate or craggy calcifications may also be encountered. Depend-
ing on their location the tumours may produce hydrocephalus and 
usually present with a rapidly expanding head (Fig. 65.45). Astro-
cytomas, primitive or developmental tumours, choroid plexus pap-
illomas (Fig. 65.46) and desmoplastic infantile gangliogliomas are 
the most frequently encountered, in that order. Although ultra-
sound is usually able to detect – and in some cases characterise – 
these lesions, definitive investigation of the entire neuraxis, to 
define the tumour accurately, plan surgery and demonstrate distant 
spread, is now almost entirely the province of MRI.

Cysts

Cysts can occur in all parts of the brain. Those occurring at birth 
and located adjacent to or communicating with the ventricles are 
known as porencephalic cysts. They are usually the result of previ-
ous infection, infarction or haemorrhage, representing areas of 
encysted necrotic brain damage.125 Arachnoid cysts are develop-
mental lesions probably caused by disordered leptomeningeal for-
mation coupled with hypogenesis of the adjacent brain, and as such 
seldom cause mass effect unless very large. They are found in 
various supratentorial sites, particularly in the middle cranial fossa, 
and in the posterior fossa. Lesions abutting the ventricular system 
may cause obstructive hydrocephalus. Suprasellar arachnoid cysts 
may lead to some diagnostic confusion, simulating a greatly 
enlarged third ventricle. Ultrasound is, however, able to define the 
wall of the lesion extending over and obstructing the foramina of 
Monro. Arachnoid cysts are usually an incidental finding.

Vascular malformations

True vein of Galen malformations most commonly present in 
neonates and in early infancy with high-output cardiac failure, 
hydrocephalus and failure to thrive. They are developmental 
lesions probably related to a defect in the evolution of the embry-
onic galenic venous system.126 There is a variable composition of 
arteriovenous shunts within the syndrome complex, the classifica-
tion of which is outside the scope of this chapter. The ultrasound 
hallmark of the lesion is a midline echo-free pulsatile mass, prob-
ably representing a grossly dilated median prosencephalic vein. 
Ultrasound has proved particularly useful in both the diagnosis and 
the treatment of these lesions, especially with the adjunctive use of 
colour Doppler imaging (Fig. 65.47).127,128 The diagnosis may be 
confirmed by MRI, but definitive assessment and treatment is now 
effected by angiography and endovascular therapy. The arterial 
feeding pedicles can be clearly identified and monitored by ultra-
sound during endovascular treatment; ultrasound can also be used 
intraoperatively to assess the progress of surgery.128

Congenital arteriovenous malformations, particularly pial arte-
riovenous fistulae, may be more difficult to identify by ultrasound. 
A high index of suspicion should be maintained in an infant pre-
senting with high-output cardiac failure.

mothers, infants who are small for gestational age, and those who 
sustained perinatal asphyxia.113

A classical distribution of parietal and occipital abnormality, with 
occasional basal ganglia involvement, has been reported in MRI 
studies of neonatal hypoglycaemia,114 and a similar pattern can be 
detected by ultrasound.115 Affected areas appear hyperechoic on 
ultrasound (Fig. 65.43).116 MRI has shown a greater sensitivity for 
the parenchymal changes in hypoglycaemia than ultrasound, but 
abnormalities are frequently absent on both modalities.115 In infants 
who sustained perinatal asphyxia, parenchymal changes may be a 
combination of hypoglycaemic injury and HIE.

Inborn errors of metabolism

A variety of ultrasound findings have been reported in infants with 
inborn errors of metabolism, including germinolytic cysts, calcifica-
tions, grey and white matter echogenicity and structural abnormali-
ties.117 Ultrasound findings appear to correlate with findings 
demonstrated by MRI, and in selected cases may be a useful  
bedside test to support a diagnosis of metabolic disorder. Although 
appearances in metabolic disorders can overlap with HIE, non-
progression of appearances on serial CUS goes against the latter. 
However, the role of CUS in the assessment of metabolic disorders 
is not well established and MRI remains the definitive neuroimag-
ing in these cases.

SPACE-OCCUPYING LESIONS IN  
THE INFANT BRAIN

These are divided into cystic and solid lesions and include neo-
plasms, cysts and arteriovenous malformations.

Figure 65.43 Neonatal hypoglycaemia. Day 3 scan showing 
echogenicity and loss of sulcal visualisation in the parieto-occipital 
regions bilaterally.
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There is now a growing awareness of the presence of birth-related 
subdural haematomas in asymptomatic infants with atraumatic 
birth histories130 which can be detected by cranial ultrasound.131 
These are typically shallow, occurring around the occipital poles or 
in the posterior fossa (Fig. 65.48), and resolve by 4 weeks of age.

Accidental injury

As neonates and young infants are relatively immobile they are 
unlikely to fall of their own accord. Falls from beds, settees and the 
arms of carers are, however, not uncommon. Significant intracranial 
injury from such falls is very uncommon, with skull fractures 
usually being the only major damage sustained.132 Fractures occur-
ring as a result of an accidental fall are typically parietal, simple 
and linear. If subdural haemorrhage occurs it usually underlies the 
fracture. Parenchymal injury is rare. Ultrasound scanning, particu-
larly trans-cranial, can detect the collections adequately, but CT 
scanning should also be performed, particularly if there is clinical 
concern.

Non-accidental head injury

Infants are particularly susceptible to intracranial trauma because 
of their large head-to-body ratio, poor neck muscles and the poorly 
myelinated brain with its high water content. In addition, the infant 
brain has more space in which to move about in the intracranial 
compartment owing to the relatively large CSF volume overlying 
the brain and the greater plasticity of the skull, with its open fon-
tanelles and unfused sutures. The mechanism of injury in child 
abuse probably involves a combination of vigorous to-and-fro 
shaking and some element of blunt impact, against either a hard or 
a padded surface.133 Neuro-imaging must be obtained at the earliest 

TRAUMA

Trauma during the first year of life may be divided into birth-
related causes, and accidental and non-accidental injury.

Birth-related injury

Injuries related to the birth process may be due to abnormal pres-
entation, specifically breech, or to surgical instrumentation. Forceps-
assisted deliveries or ventouse extraction can produce injury to the 
scalp (cephalhaematoma), extra-axial bleeding (subdural or extra-
dural haematoma) or intraparenchymal haemorrhage (usually a 
delayed cerebellar bleed). The newborn baby typically appears 
bruised, with a misshapen head and overriding calvarial bones. 
Most infants with significant intracranial haemorrhage have normal 
Apgar scores at birth and may initially appear relatively normal; 
however, signs and symptoms generally evolve over the ensuing 36 
hours.129 Near-field scanning can readily demonstrate the scalp 
lesions, which can sometimes be very large and slow to resolve. 
Trans-cranial scanning is useful to delineate fully the extent of sub-
dural haemorrhages (SDH) that typically occur around the  
tentorium, being related to tentorial laceration and tearing of the 
contained venous sinuses. Infratentorial haematomas, however,  
are difficult to diagnose and easy to miss. A CT scan should be 
performed if there is any suspicion of abnormality in this region. 
High-convexity subdural haematomas may be missed unless trans-
cranial scanning is performed owing to the ‘blind spot’ adjacent to 
the anterior fontanelle. CT scanning is necessary, however, to 
confirm the diagnosis and provide more definitive imaging, par-
ticularly in the context of potential litigation.

Figure 65.44 Primitive rhabdoidal tumour of the frontal lobe. A: Coronal scans demonstrate a huge heterogeneous frontal mass 
distorting and obscuring the local anatomy. Cysts and calcifications are present. B: Axial CT scan more clearly defines the full extent of 
the tumour.
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Figure 65.45 Posterior fossa primitive neuro-ectodermal tumour (PNET). A: Coronal and B: sagittal scans show a large midline 
posterior fossa tumour (T) producing supratentorial hydrocephalus. Note the fourth ventricle displaced superiorly (arrow). C: Sagittal 
T2-weighted MR image defines the extent of the tumour more fully.
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branching contusional injuries indicative of injuries involving 
shearing forces. These lesions are seen particularly at the grey–
white matter interface of the frontoparietal parts of the brain using 
high-resolution ultrasound (Fig. 65.51).135 Gliding contusions, 
larger areas of mixed reflectivity representing haemorrhagic contu-
sions, and lobar disruption, which typically occur in the basal 
parts of the brain as a result of the brain striking the hard skull 
base in an impact injury, can also be readily detected. Trans-
cerebral lacerations are identified as reflective blood-filled lesions 
or echo-free clefts in the brain, usually extending from the surface 
of the brain towards a ventricular margin.

Secondary damage to the brain evolves as a result of the primary 
injury and includes cerebral oedema and swelling, hypoxic or 
ischaemic injury and hydrocephalus. Cerebral swelling occurs 
within hours of a major inflicted injury and probably reflects 
increased cerebral blood volume (hyperaemia). The intracranial 
pressure can rise precipitately, with subsequent death if left 
untreated. Cerebral oedema is a complex phenomenon, with 
primary brain damage, vascular injury or secondary infarction 
leading to increased brain water (oedema). On ultrasound imaging 
this is shown by focal or diffuse areas of increased reflectivity of 
the brain, which takes on a rather featureless appearance as normal 
anatomical landmarks are obscured.

Evolving regional or diffuse increased reflectivity may be seen 
over the ensuing few days to weeks following injury. The cortex in 
particular can become thickened and strongly reflective, accompa-
nying the haemorrhagic laminar cortical necrosis or infarction 
which is not infrequently seen in severely affected infants. Hydro-
cephalus is usually the consequence of impaired CSF resorption 
secondary to traumatic subarachnoid and/or subdural haemor-
rhage. Prominent subarachnoid spaces underlying a subdural  
haematoma are readily detected and may indicate chronicity of  
the SDH, communicating hydrocephalus being a recognised sequela 
of cranial injury. The diagnosis needs to be made with caution as 
cerebral atrophy can also lead to marked widening of the subarach-
noid spaces. Correlation with serial head circumference measure-
ments helps to differentiate between these two, cerebral atrophy 
resulting in cessation of head growth.

possible time following the child’s admission and stabilisation of 
his/her medical condition if severely injured. A cranial CT scan is 
mandatory to document the presence of haemorrhage, particularly 
when fresh, and determine the need for urgent therapeutic inter-
vention, such as evacuation of a large subdural haematoma.134 
Cranial ultrasound is helpful to confirm the location of extra-axial 
fluid collections and can be particularly sensitive in the detection 
of subtle parenchymal injuries, such as corticomedullary contu-
sional tears, which CT can miss.135 An ultrasound examination can 
also be the most practical first step in the most severely injured 
infants, who are highly unstable. Reliance on paper copies of 
images, poor ultrasound technique and the use of poor-quality 
ultrasound units discredits ultrasound as a diagnostic tool in this 
area of radiology. A strict protocol for the investigation of suspected 
non-accidental head injury (NAHI) should be adopted and adhered 
to in all cases,134 ultrasound forming an important adjunct to the 
work-up of such cases. It should, however, be borne in mind that 
the limitations of ultrasound are real, and that it should never be 
over-relied upon, particularly in the older infant, when scan quality 
declines progressively. In cases of suspected NAHI, every step 
should be taken to obtain an early CT scan.

A wide range of injuries may be sustained in NAHI. The injuries 
may be considered to be primary (a direct result of the inflicted 
trauma), secondary (a delayed consequence of the primary injury) 
and chronic.

Primary injuries include scalp bruising, skull fractures, subdural 
and subarachnoid haemorrhage and parenchymal brain injury. The 
latter includes shearing injuries, cortical contusions, major trans-
cerebral lacerations and lobar disruption. The ultrasound appear-
ances of subdural haemorrhage have already been discussed. 
Acute subdural haemorrhage should be looked for particularly 
carefully in the inter-hemispheric region, where it may be subtle, 
appearing as excessive reflectivity of the falcine complex (Fig. 
65.49), and over the cerebral convexity using a near-field linear 
array transducer (Fig. 65.50). The demonstration of membranes 
within a subdural collection can be helpful in indicating that the 
subdural haematoma is of mixed age. Parenchymal injuries 
detected by ultrasound include delicate echo-free linear or 

Figure 65.46 Multifocal choroid plexus papillomas. A: Midline sagittal and B: parasagittal sections showing at least three strongly 
reflective tumours in the third and lateral ventricles.
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Figure 65.47 Vein of Galen malformation. A: Coronal and B: sagittal colour Doppler images demonstrating aneurysmal dilatation of the 
vein of Galen. The arterial inflow can be identified on the superolateral wall of the aneurysm (arrows). C: A digital subtraction angiogram 
demonstrates the arterial supply and the doughnut appearance of the venous sac.
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Figure 65.48 Birth-related subdural haematoma. A: Transverse cranial ultrasound via the mastoid fontanelle showing echogenic fluid 
(arrows) dorsal to the cerebellum. CM, cisterna magna. B: Axial T2-weighted image confirms the presence of bilateral posterior fossa 

A B

CM
Cerebellum

Figure 65.49 Posterior inter-hemispheric acute subdural haematoma. A: Coronal scan shows a prominent appearance of the 
posterior falx complex. B: Axial CT scan shows the delicate hyperdense collection lying along the right side of the falx posteriorly.
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followed by an agonal reversal of diastolic flow and the develop-
ment of short systolic spikes.137 Reversal of diastolic flow detected 
by cranial Doppler has been shown to occur in infants with brain 
death (Fig. 65.52).138 However, reversal of diastolic flow can occur 
in infants without brain death when there is raised intracranial 
pressure due to other causes such as tumour or status epilepticus.139 
While complete absence of detectable blood flow is a lethal sign, an 
isolated finding of reversed diastolic flow is not a reliable sign of 
brain death in infants.140
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INTRODUCTION

Ultrasound is ideally suited to the examination of lesions of the 
head and neck in children. It is helpful to have a range of transduc-
ers with different footprints for children of different ages. High-
resolution linear transducers, using frequencies up to 17 MHz, are 
generally most useful. Ultrasound examination is painless and non-
invasive, and with patience, diagnostic images can be obtained even 
with a restless child. The plane of imaging is infinitely variable and 
can be adapted to the anatomical location of the lesion. Gentle pres-
sure applied with the transducer can be used to determine whether 
lesions are compressible. Colour Doppler is uniquely valuable in 
allowing assessment of blood flow in real-time, making it immedi-
ately apparent whether a fluid-filled structure is cystic or vascular 
and if vascular whether it is fast or slow flowing in nature.

Ultrasound is limited in the assessment of deep lesions and some 
anatomical locations are not easy to visualise. The field of view may 

not be sufficient to demonstrate the full extent of large lesions, 
although extended field-of-view sonography may be helpful. High-
frequency ultrasound cannot penetrate bone and air, and so may 
fail to demonstrate deep extension of lesions around the skull base, 
cervical spine, pharynx and trachea. Magnetic resonance imaging 
(MRI) is often complementary to ultrasound in these situations, as 
the field of view is not limited by the presence of bone, dense cal-
cification, and air. However, MRI does not offer the same capability 
for real-time imaging that ultrasound can provide; imaging times 
are relatively long, and as the images are easily degraded by move-
ment artefact, younger children may require sedation or general 
anaesthesia.

Investigation of head and neck masses in children requires a very 
different diagnostic approach from that which would be appropri-
ate for adults. Most head and neck lesions in children are benign, 
and the child’s age is an important factor in the differential diagno-
sis. Congenital and inflammatory lesions are common, especially in 
young children. The most common inflammatory masses are reac-
tive or suppurative lymphadenitis, which typically present follow-
ing an upper respiratory tract, middle ear or pharyngeal infection; 
infection also occurs in congenital cystic lesions. Malignant tumours 
are uncommon, but should be suspected when there is a solid, 
progressively enlarging mass. When malignant disease is sus-
pected, fine-needle aspiration under ultrasound guidance is not 
usually recommended, except for focal thyroid and salivary gland 
lesions in older children and adolescents. In young children, 
tumours that can be readily diagnosed by cytology, such as carci-
nomas, are rare; small round cell tumours and lymphomas are 
much more common, and usually require an open biopsy to obtain 
sufficient tissue for diagnosis. When lymphoma is suspected, exci-
sion biopsy of an entire lymph node is desirable.

CONGENITAL CYSTIC LESIONS

Thyroglossal duct cysts

The thyroid gland develops in the floor of the primitive pharynx, 
descending from the tongue through the floor of the mouth, ante-
rior to the developing hyoid bone, to reach its final location in the 
neck by the seventh week of gestation. The thyroglossal duct con-
nects the gland to the tongue during migration and normally invo-
lutes by the end of the tenth week of gestation. The foramen caecum 
on the tongue is the site of the original opening of the duct. Persist-
ence of any part of the thyroglossal duct may result in a cyst.

Clinically a thyroglossal duct cyst usually presents as an enlarg-
ing, painless anterior neck mass in or near the midline, although it 
may become painful due to infection. On ultrasound the cyst may 
appear anechoic (Fig. 66.1), hyperechoic or heterogeneous (Fig. 
66.2) due to the presence of proteinaceous material. The cyst may 
be complex, containing septations, and can be very mobile, some-
times changing from one side of the neck to the other. Movement 
in association with the tongue can be observed with ultrasound.1

Laurence Abernethy
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Lymphatic malformations may occur at any anatomical location 
except in the central nervous system, but the neck, axilla and medi-
astinum are the commonest sites. Cervical lymphatic malforma-
tions are associated with trisomy syndromes, Turner syndrome, 
Noonan syndrome, and fetal alcohol syndrome, but most are  
sporadic. Soft tissue lymphatic malformations may be associated 
with overgrowth of adjacent skeletal structures, particularly in  
the craniofacial region.

Ultrasound in macrocystic lymphatic malformations characteris-
tically reveals large, thin-walled, fluid-filled cystic spaces (Fig. 66.3), 
which may contain internal septations. If there has been previous 
haemorrhage or infection, mobile echogenic debris may be visible. 
The cysts may be mobile but are usually not compressible. Colour 
Doppler typically shows only sparse blood vessels around the walls 
of the cysts. Microcystic lymphatic malformations are shown to 
consist of multiple tiny cysts, sometimes at the limit of ultrasound 
resolution, within a densely echogenic solid matrix (Fig. 66.4A). 
Greyscale ultrasound appearances may be similar to those of a 

Papillary thyroid carcinoma is reported to develop in 1% of  
thyroglossal duct cysts, but this is usually a histological diagnosis 
following surgery.

Lymphatic malformations

Lymphatic malformations consist of fluid-filled cystic structures, 
formed from lymphatic vessels which fail to connect with normal 
drainage pathways. The lesions may be unilocular or multilocular, 
and there is a wide variation in the size of the individual cysts. 
Lymphatic malformations may be macrocystic or microcystic. 
Microcystic lymphatic malformations (previously known as lym-
phangiomas) consist of multiple tiny cysts within a solid matrix; 
macrocystic lymphatic malformations (cystic hygromas) may be 
very large and exert significant mass effect on adjacent structures. 
Individual cysts typically contain straw-coloured, protein-rich 
fluid. Both types may undergo rapid enlargement as a result of 
haemorrhage or infection.

Figure 66.1 Thyroglossal duct cyst (arrows). Longitudinal (A) and transverse (B) ultrasound images.

A B

Figure 66.2 Thyroglossal duct cyst with echogenic content (arrows). Longitudinal (A) and transverse (B) ultrasound images.

A B
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Branchial cysts
Branchial cleft anomalies may take the form of cysts, sinuses or fis-
tulae. Sinuses have an external opening to the skin surface, whereas 
fistulae have both external and internal (e.g. pharyngeal) openings. 
Cysts tend to present in older children or young adults, whereas 
sinuses and fistulae are often noticed in early childhood. The abnor-
malities are bilateral in 2–3% of cases and can be familial.

proliferative haemangioma, but colour Doppler shows that a micro-
cystic lymphatic malformation is much less vascular and lacks the 
high density of small vessels typically seen in a proliferative hae-
mangioma (Fig. 66.4B).

MRI is the optimal modality for assessing the deep extension of 
lymphatic malformations in areas that are not accessible to ultra-
sound; for example, deep to the carotid and jugular vessels, into the 
retropharyngeal region and upper mediastinum.2

Figure 66.3 Macrocystic lymphatic malformation. A: Ultrasound shows multiple thin-walled, fluid-filled cystic structures. B: Extended 
field-of-view sonography demonstrates the full extent of the lesion.

A

B

Figure 66.4 Microcystic lymphatic malformation. A: High-resolution greyscale image shows a mass containing tiny, fluid-filled cysts 
within a solid, echogenic matrix. B: Colour Doppler image shows sparse vessels within the lesion.

A B
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with the ostium lying just above the clavicle (Fig. 66.5). On ultra-
sound, a second branchial cleft cyst typically displaces the sterno-
mastoid posteriorly, and its contents may be anechoic, or contain 
debris (Fig. 66.6).3,4

Third and fourth branchial cleft abnormalities are rare. They may 
present in childhood or adult life and mainly occur on the left side. 
Third branchial cleft cysts lie posterior to the carotid artery and 
sternomastoid muscle. In fourth branchial cleft anomalies, only 
sinuses have been reported; they run a very long course into the 
mediastinum and are associated with ectopic parathyroid glands 
and parathyroid adenomas.

First branchial cleft abnormalities occur in the region between the 
external auditory meatus, the parotid gland and the submandibular 
triangle. They may present clinically with recurrent inflammation 
in the region of the ear or angle of the mandible. The cyst may be 
superficial or deep to the parotid gland.

Second branchial cleft anomalies are the commonest, accounting 
for 90% of all branchial abnormalities. Seventy-five per cent of these 
are cysts, which are usually located in the anterior triangle of the 
neck, along the line of the anterior border of the sternomastoid 
muscle, anterolateral to the internal jugular vein and carotid artery, 
and lateral to the thyroid. A second branchial cleft fistula passes 
from the tonsillar fossa to the supraclavicular region of the neck, 

Figure 66.5 Branchial fistula. A: Longitudinal image. The fistula is visible as a long tubular structure (marked by callipers) anterior to the 
carotid artery. B: Transverse image. The fistula (arrow) is visible at the medial margin of the sternomastoid muscle (SM), anterior to the 
right lobe of the thyroid, common carotid artery (CA) and internal jugular vein (IJV). C: Transverse colour Doppler image at a higher level 
shows the fistula (arrow) passing between the internal and external carotid arteries, just above the carotid bifurcation. D: Fistulogram: 
water-soluble contrast introduced into the cutaneous opening demonstrates the full extent of the fistula (white arrows); its upper end (black 
arrow) penetrates deeply to open into the tonsillar fossa.

A

B

C

D
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Dermoid cysts

Dermoid cysts frequently occur in the head and neck. Ultrasound 
of dermoid cysts typically shows a mainly hypoechoic structure 
with well-defined walls, containing echogenic elements due to the 
presence of fat or calcification (Fig. 66.7). Cranial lesions may be 
fixed to the outer table of the skull and are often closely related to 
cranial sutures. The lateral and medial margins of the orbit are 
common sites. Midline cranial lesions in particular require careful 
investigation to exclude intracranial extension. Ultrasound is  
valuable in initial assessment but further imaging with computed 
tomography (CT) or MRI is often necessary.

Dermoid cysts also occur in the neck, typically in the midline 
above the hyoid, but sometimes between the hyoid and the isthmus 
of the thyroid (Fig. 66.8). Lesions in this location may be difficult to 
differentiate from thyroglossal cysts, but dermoid cysts tend not to 
show movement with the tongue. Dermoid cysts can also occur 
adjacent to or within the thyroid.3,4

Thymic and parathyroid cysts

The embryonic thymus descends from the third pharyngeal 
pouches, following which the thymo-pharyngeal duct normally 

Figure 66.6 Branchial cyst (arrows). Longitudinal (A) and transverse (B) ultrasound images, demonstrating relationships to sternomastoid 
muscle (sm), internal jugular vein (ijv) and carotid artery (ca). C: Longitudinal colour Doppler image shows that the cyst itself is avascular, 
and lies just anterior to the common carotid artery.

A B

C

Figure 66.7 Dermoid cyst on the forehead (short arrows). Solid, 
echogenic areas are visible within a mainly cystic structure. Note 
the close relationship to the outer table of the skull (long arrow).
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VASCULAR LESIONS

Haemangiomas

Proliferative haemangiomas (common infantile haemangiomas) are 
benign vascular tumours which may occur at any site but seem to 
have a particular predilection for the parotid region. Superficial 
cutaneous lesions are easily recognised as typical ‘strawberry naevi’ 
(Fig. 66.9), but deeper lesions may cause diagnostic difficulty.

Proliferative haemangiomas usually appear shortly after birth, 
although some cutaneous manifestation may be visible at birth in 
up to 40% of affected children. These lesions undergo a proliferative 

Figure 66.8 Dermoid cyst in the neck, lying in the midline above the isthmus of the thyroid. Lesions in this location may be difficult to 
distinguish from thyroglossal duct cysts. A: Longitudinal image (cyst marked by callipers). B: Transverse image (cyst indicated by arrows).

A B

Figure 66.9 Common infantile (proliferative) haemangioma: 
typical appearance of a superficial cutaneous lesion (’strawberry 
naevus’).

Congenital cystic lesions

• Thyroglossal duct cysts are the commonest congenital cysts in 
the neck, usually lie in or near the midline, and move with the 
tongue.

• Cystic lymphatic malformations may be macrocystic or 
microcystic.

• Second branchial cleft cysts and fistulae occur along a line 
passing from the tonsillar fossa, along the anterior border of the 
sternomastoid muscle to the supraclavicular region.

• Dermoid lesions on the head, especially those in the midline, may 
have intracranial extension.

involutes. Remnants of the duct or possibly cystic degeneration 
may result in the presence of a thymic cyst, usually presenting as a 
swelling on the lateral aspect of the lower third of the neck. Although 
the cysts are usually simple, they may be mulitilocular and contain 
echogenic fluid if there has been previous haemorrhage or infection. 
In 50% of cases there is mediastinal extension and it may be possible 
to demonstrate continuity with the thymus on ultrasound.3,4

Parathyroid cysts are usually located at the lateral margins of the 
thyroid and differentiating them from thyroid cysts may be diffi-
cult. Most occur in the inferior parathyroid glands. Parathyroid 
cysts arise from the remnants of the third and fourth pharyngeal 
pouches, but may also occur as a result of cystic degeneration of 
adenomas, rarely causing hyperparathyroidism if a component of 
functional parathyroid adenoma is present.

Congenital foregut malformations

Although bronchogenic cysts are usually found in the mediasti-
num, and duplication cysts similarly are found in the mediastinum 
or abdomen, they can occasionally extend into the neck and so 
should be considered in the differential diagnosis of a cystic mass 
at the root of the neck or in the thoracic inlet.3
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permanent visual impairment may occur if the eye is occluded for 
more than one week; a large proliferative haemangioma on the 
eyelid therefore requires urgent investigation and treatment. Simi-
larly, lesions involving the oropharynx, larynx or trachea may 
rapidly progress to cause airway obstruction, and require prompt 
intervention.

Imaging is not usually necessary for typical cutaneous prolifera-
tive haemangiomas, but it can be valuable in determining the extent 
of particularly large lesions and those at dangerous sites. If the 
nature of the lesion is not certain on the basis of its clinical features, 
ultrasound and colour Doppler may be helpful in showing a typical 
appearance of a well-defined, solid, echogenic mass which is 
intensely vascular, containing a high density of small vessels with 
high blood flow velocity (Fig. 66.10). Vessel density in excess of 5/
cm2 and high peak arterial blood flow velocities are highly specific 
when taken together and give a positive predictive value of 97% for 
the diagnosis of a proliferative haemangioma.5 However, appear-
ances change as the lesion undergoes stabilisation and regression. 
The lesions become relatively less vascular, and the residual vascu-
lar spaces enlarge as the solid components regress. In the past, 
lesions with these appearances were sometimes described as ‘cav-
ernous haemangiomas’, but it is now recognised that this is a phase 
in the development of a common infantile haemangioma, rather 
than a separate entity.2

phase of rapid growth, becoming raised, bulky, compressible 
lesions with a characteristic strawberry-red colour. Following a few 
weeks of proliferation and growth, they typically enter a phase of 
stabilisation lasting for several months, followed by a phase of 
involution. The rate of regression is variable; 50% enter the phase 
of involution by 5 years of age, and 90% by the age of 9 years. The 
prognosis for cosmetic outcome is not universally favourable; even 
after involution, some residual abnormality is present in 20–40% of 
cases, including telangiectasia, increased or decreased pigmenta-
tion, and persisting fibrofatty masses.

Proliferative haemangiomas occur more frequently in girls than 
in boys; there is a significant association with prematurity. Systemic 
haemangiomatosis is a condition in which multiple cutaneous and 
visceral haemangiomas occur; although this condition is rare, it is 
usually recommended that infants with multiple cutaneous lesions 
should have an abdominal ultrasound scan to exclude hepatic or 
splenic lesions.

These lesions usually only require treatment if they cause sec-
ondary problems such as airway obstruction or difficulty with 
feeding. Although eventual stabilisation and regression can be 
expected, proliferative haemangiomas may cause significant symp-
toms. Ulceration, bleeding and secondary infection may occur, 
particularly in perioral lesions. Large lesions close to the eye and 
airway may have disastrous consequences. In the young infant, 

Figure 66.10 Common infantile (proliferative) haemangioma. A: Greyscale image (arrows indicate haemangioma). B: Extended 
field-of-view sonography. C: Colour Doppler ultrasound appearances.

A
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Figure 66.11 Venous malformation on forehead. A: Greyscale image. The short arrows indicate the malformation; the longer arrow 
shows the outer table of the skull. B: Colour Doppler.

A B

Some haemangiomas are present at birth and show differing  
patterns of biological behaviour; the rapidly involuting congenital 
haemangioma (RICH) regresses spontaneously, whereas the non-
involuting congenital haemangioma (NICH) does not.6 Rarer vas-
cular tumours, such as kaposiform haemangioendotheliomas and 
tufted haemangiomas, are much more serious and may cause a 
severe coagulation disorder due to platelet consumption (Kasabach–
Merritt syndrome). The characteristic features of Kasabach–Merritt 
syndrome are an enlarging, highly vascular soft tissue mass associ-
ated with a severe systemic bleeding disorder and marked reduc-
tion in platelet count, which may be impossible to correct by platelet 
transfusion.

Vascular malformations

Arteriovenous malformations and venous malformations are con-
genital lesions that do not grow by cellular proliferation in the same 
way as haemangiomas, and do not spontaneously regress. However, 
arteriovenous malformations may progressively enlarge as a result 
of increasing blood flow and arteriovenous shunting. Colour 
Doppler US shows that these lesions consist mainly of dilated vas-
cular spaces; arteriovenous malformations typically show high 
blood flow velocities, whereas venous malformations are low flow, 
low pressure lesions.

Arteriovenous malformations consist of a network of abnormal 
vascular channels comprising both feeding arteries and draining 
veins. Clinically, high flow vascular malformations present as a soft 
tissue mass with cutaneous discoloration, locally increased tem-
perature and palpable arterial pulsation. Arteriovenous malforma-
tions tend to be present at birth, and to grow in parallel with the 
growth of the child, although some lesions manifest unpredictable, 
aggressive growth, sometimes precipitated by trauma, infection, 
surgery, puberty or pregnancy. Tissue ischaemia and venous 
hypertension may cause severe local pain, particularly on exercise. 
Skin ulceration and uncontrollable haemorrhage may occur, and 
large lesions may result in high-output cardiac failure.

Ultrasound is helpful in confirming the vascular nature of the 
lesion and demonstrating high-velocity blood flow within it. A 
careful search for arteriovenous fistulae is necessary; high-velocity, 
pulsatile blood flow can be demonstrated in most arteriovenous 
malformations.2

Venous malformations are varied and complex; some patients 
have diffuse malformations involving both deep and superficial 

systems, whereas others have localised or segmental abnormalities. 
Localised, superficial lesions have characteristic clinical features; 
they are bluish in colour, and there is no local increase in skin tem-
perature. They are easily compressible and typically increase in size 
on Valsalva manoeuvre. However, deeper lesions are impossible to 
assess fully on clinical criteria alone, and are often much more 
extensive than initially expected. Greyscale ultrasound reveals the 
vascular spaces as hypoechoic structures. Varicosities, stenoses, 
complex interconnecting channels and venous lakes are typical.2,7 
Colour Doppler shows slow, turbulent flow within dilated, com-
pressible vascular spaces (Fig. 66.11).

Jugular varix (jugular vein ectasia or phlebectasia) is a common 
venous malformation, which presents as a bluish neck swelling in 
infants due to dilatation of the external or internal jugular vein. It 
may enlarge alarmingly when the child cries or strains, but is 
usually of no clinical significance, and becomes less prominent with 
age. Ultrasound examination is often reassuring,8 revealing simple 
dilatation of the jugular vein with no evidence of venous obstruc-
tion, thrombosis or an arteriovenous fistula (Fig. 66.12).

Carotid artery disease is rare in childhood, but aneurysms may 
occur following trauma, septicaemia (mycotic aneurysms) and in 
Kawasaki disease and Takayasu’s arteritis. An arteriovenous fistula 
in the neck may occur as a complication of insertion of a central 

Vascular lesions

• Haemangiomas are vascular tumours which grow by cellular 
proliferation.

• Common infantile (proliferative) haemangiomas typically regress 
spontaneously after a period of rapid growth. However, at 
sensitive sites they may cause serious complications.

• Rarer types of haemangioma, such as kaposiform 
haemangioendothelioma and tufted angioma, are aggressive, 
rapidly growing lesions, sometimes presenting with consumptive 
coagulopathy (Kasabach–Merritt syndrome).

• Vascular malformations are present at birth and do not proliferate 
or regress spontaneously.

• Jugular varix is the commonest venous malformation in the neck, 
but is usually of no clinical significance.

• Carotico-jugular fistula may be caused by central venous catheter 
insertion.
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Figure 66.12 Jugular varix. A: Longitudinal greyscale image (arrows indicate the varix). B: Colour Doppler shows enlargement of the 
jugular vein (marked by callipers) when the child cries. C: In quiet breathing the jugular vein appears relatively normal.

A

C

B

venous catheter, caused by inadvertent puncture of the common 
carotid artery through the internal jugular vein. Colour Doppler 
ultrasound shows a dilated internal jugular vein with turbulent, 
arterialised blood flow, and the fistula may be recognised as the site 
of a high-velocity jet of blood from the common carotid artery into 
the internal jugular vein.9

FIBROMATOSIS

Fibroma and fibromatosis are terms used for tumours that are 
mainly composed of fibroblasts. Although they appear histologi-
cally benign, some behave aggressively, and may be locally inva-
sive, with a tendency to recur following local excision. Some may 
present with multifocal tumours, but true metastases do not occur. 
In some types, spontaneous regression is typical.

Benign sternomastoid tumour of infancy 
(fibromatosis colli)

Benign sternomastoid tumour of infancy is characterised by diffuse 
or focal enlargement of the sternomastoid muscle, typically first 
recognised at 2–8 weeks after birth. It is often associated with a 
history of birth trauma, suggesting that it may be caused  

by haematoma formation and healing with fibrosis. However, asso-
ciations with hip dysplasia and tibial torsion suggest that some 
cases may be caused by abnormal fetal position in utero. Shortening 
of the muscle may cause torticollis. Spontaneous resolution usually 
occurs over a period of 4–8 months, and may be helped by physi-
otherapy, but a minority of cases require surgery for persisting 
torticollis. Severe, untreated cases may result in strabismus, facial 
asymmetry and plagiocephaly.

Ultrasound shows a well-defined mass within the belly of the 
muscle, which is usually isoechoic or slightly hypoechoic in com-
parison with normal muscle, but may be hyperechoic (Fig. 66.13).10,11 
Calcification may be present. Sometimes there is diffuse enlarge-
ment of the whole of the muscle.

Most cases are so obvious clinically that imaging is used 
infrequently.

Other forms of fibromatosis

Congenital generalised fibromatosis, also known as infantile myofi-
bromatosis, is a deep form of fibromatosis. Solitary and multicentric 
forms occur with equal frequency. Most cases present in early 
infancy. Microscopically the lesions consist of spindle cells with 
features of both fibroblasts and smooth muscle cells. Prognosis is 
better in the solitary form without visceral or bone involvement and 
some lesions may undergo spontaneous regression. Cutaneous 
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INFLAMMATORY MASSES AND 
LYMPHADENOPATHY

Cervical lymphadenopathy

Cervical lymphadenopathy is very common in childhood, although 
less common in infants under 1 year of age. Many normal children 
have palpable cervical lymph nodes that are not associated with 
infection or a systemic illness. In children over 1 year of age, normal 
cervical lymph nodes can measure up to 10 mm, whereas the upper 
limit of normal in infancy is 3 mm (short-axis diameter).4

In most cases, enlarged cervical lymph nodes in children are 
reactive, caused by a response to infection, or immunisation. Biopsy 
of these nodes shows non-specific reactive hyperplasia. Virtually all 
paediatric viral infections can cause lymphadenopathy and differ-
ent organisms are prevalent in different age groups. Infective causes 
of lymphadenopathy include childhood illnesses (measles, mumps, 
rubella, chicken-pox) as well as adenovirus, rhinovirus and entero-
viruses. Cervical lymphadenopathy caused by these illnesses gener-
ally resolves spontaneously within 2 weeks.

In normal nodes an ovoid shape is maintained and sonographi-
cally glands are hypoechoic, sometimes appearing pseudocystic, 
with an echogenic vascular hilum from which the vessels radiate 

nodules often occur on the head and neck, and may clinically 
resemble haemangiomas.

Infantile (desmoid-type) fibromatosis is a benign but sometimes 
locally aggressive tumour, which typically occurs between birth 
and 5 years of age, arising as a solitary mass in skeletal muscle or 
the adjacent soft tissues. The lesion often grows along nerve sheaths 
or vascular bundles. Sites of predilection include the head and neck.

Nodular fasciitis consists of reactive myofibroblastic proliferative 
lesions found in the subcutaneous tissues, fascia and skeletal 
muscle, the former site being the most common. These lesions have 
a large histological variability, but can be classified into myxoid, 
cellular and fibrous. In infants and children these benign lesions  
are most commonly found in the head and neck region.  
The usual history is that of a rapidly growing, painless mass. 
Uncommon variants include intravascular, cranial, ossifying and 
proliferative fasciitis. Cranial fasciitis involves both the scalp and 
the underlying skull.

Ultrasound appearances of all of these forms of fibrosis are non-
specific. Ultrasound usually shows a homogeneous, echogenic, 
solid mass with poorly defined margins.4,12 Colour Doppler is 
helpful as the absence of a high density of small vessels within these 
lesions helps to differentiate them from common infantile haeman-
giomas. Treatment is by complete surgical excision, and there is a 
risk of local recurrence, and so imaging is important in preoperative 
staging and postoperative follow-up.

Figure 66.13 Sternomastoid tumour of infancy (fibromatosis colli). A: Normal sternomastoid muscle (longitudinal image). 
B: Sternomastoid tumour (arrows). LIJV, left internal jugular vein. C: Transverse image of sternomastoid tumour (marked by callipers). 
D: Colour Doppler shows that the sternomastoid tumour is not vascular.
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Ultrasound is useful to differentiate simple lymph node enlarge-
ment from confluent or suppurating nodes. Inflammatory nodes are 
round to oval masses, usually discrete but may enlarge and become 
confluent (Fig. 66.16). Colour Doppler shows increased blood flow. 
With suppuration the central part of the node becomes hypoechoic, 
and necrotic nodes may have areas of decreased vascularity. 
Infected cystic lesions can mimic acute suppurative lymphadenitis. 
Abscesses are hypoechoic or anechoic masses with a variably thick 
rim of solid tissue and may be septated or have a serpiginous con-
figuration (Fig. 66.17). Abscesses can be missed if the contents are 
echogenic but in some cases it may be possible to demonstrate 
mobility of the contents with gentle pressure.12 Acute suppurative 
lymphadenitis is treated with antibiotics, but abscesses may require 
surgical drainage.

Retropharyngeal and mastoid infection

Nasopharyngeal and tonsil infection may involve the retropharyn-
geal lymph nodes, which can suppurate and perforate into the 
retropharyngeal space. Retropharyngeal lymphadenopathy is a 
common location for bacterial lymphadenitis in children aged 1–5 
years and there may be no visible or palpable cervical mass to 
suggest the diagnosis. Symptoms such as pharyngeal pain, drool-
ing, dysphagia and torticollis are highly suspicious. In most cases 
lymphadenopathy extends from the neck into the retropharyngeal 
space. The involved nodes may then suppurate and develop into 
an abscess. In severe cases, infection may extend from the neck into 
the mediastinum. Diagnosis by ultrasound is difficult and CT or 
MRI may be required to assess extent of infection, abscess formation 
and involvement of the carotid sheath.

Suppurative mastoid infection (coalescent mastoiditis) may break 
through the cortex of the mastoid process and present as an abscess 
in the overlying soft tissues (Fig. 66.18A). In some cases, abscesses 
secondary to mastoid infection may occur in unusual sites; for 
example, pneumatisation of the zygomatic process may allow 
mastoid infection to spread into the temporal region and face (Luc’s 
abscess).

Internal jugular vein thrombosis may occur as a result of severe 
infections originating in the mastoid or oropharynx (Lemierre’s 
syndrome). Unusual anaerobic organisms such as fusobacteria are 
often implicated. There is a high risk of septic pulmonary embolism. 
Colour Doppler ultrasound of the internal jugular veins is indicated 
in severe, spreading infections of the neck to enable early diagnosis 
of this dangerous complication (Fig. 66.18B).

(Fig. 66.14). Reactive nodes are larger, may be ovoid or rounded in 
shape, and are often hypervascular, but hilar vascular architecture 
is preserved (Fig. 66.15). The most important group of cervical 
lymph nodes is in the anterior triangle: these are the submandibular 
and internal jugular chain nodes, which are all medial to the ster-
nomastoid muscle. These drain the mouth and pharynx. Any viral 
or bacterial infection of the upper respiratory tract or pharynx can 
cause enlargement, including mouth infections such as herpetic 
stomatitis, or dental infection. Posterior cervical or occipital lym-
phadenopathy may be caused by scalp infection or dermatitis, 
roseola or rubella infection. Postauricular lymphadenopathy is 
characteristic of rubella although not specific, and preauricular 
lymph nodes may enlarge as a result of eye infections or cat scratch 
disease (Bartonella henselae).4,12

Acute suppurative lymphadenitis

Acute suppurative lymphadenitis is common in young children 
and is usually diagnosed clinically. It classically occurs following 
an upper respiratory tract infection, pharyngitis, tonsillitis or otitis 
media. Affected children present with rapid unilateral enlargement 
of cervical lymph nodes with warmth, erythema and tenderness to 
palpation, and are frequently irritable and pyrexial. Leukocytosis is 
common. Staphylococcus aureus or group A beta-haemolytic strepto-
cocci are the usual causative organisms.

Figure 66.14 Normal cervical lymph nodes (arrows).

Figure 66.15 Enlarged cervical lymph node in a child with infectious mononucleosis. A: Greyscale ultrasound. B: Colour Doppler 
shows preservation of normal hilar vascular architecture.

A B
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Figure 66.16 Confluent lymph node mass (arrows) deep to the sternomastoid muscle. A: Longitudinal extended field-of-view 
sonography. B: Transverse image. C: Colour Doppler.
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Subacute or chronic cervical lymphadenitis

Children may present with enlarged, minimally tender, mildly 
inflamed nodes without a prodromal illness or systemic symptoms. 
The causes are numerous, but the most common is a viral infection 
such as infectious mononucleosis (Epstein–Barr virus) or cytomega-
lovirus (CMV) infection. Less common causes include tuberculosis 
(TB) or atypical mycobacterial infection, cat scratch disease (Bar-
tonella henselae), human immunodeficiency virus (HIV), sarcoid and 
fungal infection (histoplasmosis, actinomycosis).

Abdominal ultrasound is helpful to detect enlargement of the 
spleen or liver. Other tests such as chest radiography, full blood 
count, monospot and a Mantoux test are also indicated. Usually 
nodal enlargement persisting longer than 6–8 weeks that has not 
responded to antibiotics requires biopsy.

Mycobacterial lymphadenitis

Mycobacterial infection is an important cause of subacute or chronic 
lymphadenitis in children. In most developed countries, infection 

with atypical mycobacteria (Mycobacterium avium intracellulare, 
M. kansaii and M. haemophilum) has a higher incidence than infection 
with Mycobacterium tuberculosis (TB). Overall, mycobacterial lym-
phadenitis represents about 8% of all chronic lymphadenitis in chil-
dren, often involving the head and neck region. Most affected 
children are aged between 1 and 5 years and infection is much less 
common over the age of 12 years. Atypical mycobacterial infection 
is usually indolent in the immunocompetent child. If infection is 
disseminated or extensive the child should be investigated for 
impaired immunity, for example HIV infection. The portal of entry 
for atypical mycobacteria is usually the mucous membrane of the 
mouth, pharynx and tonsils (e.g. during the teething). The sub-
mandibular and jugulodigastric nodes are most commonly affected 
and the overlying skin, soft tissues and salivary glands may also be 
involved. Inflammatory changes in the surrounding soft tissues are 
characteristically less severe than with bacterial lymphadenitis. The 
nodes are typically minimally tender and rubbery, usually asym-
metric, with a dominant 2–4 cm node that may be solid or partially 
necrotic. There may be a draining sinus or fistula present. Systemic 
symptoms are rare unless the patient is immunocompromised.

TB lymphadenitis usually occurs in older children and is usually 
accompanied by systemic symptoms. With TB, lymphadenopathy 
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The Mantoux test is usually strongly positive in TB infection, but 
negative in up to 50% of patients with atypical mycobacterial infec-
tion. Differentiation between the two types of mycobacterial infection 
is important because therapy is completely different. Atypical myco-
bacterial infection is treated by complete surgical excision, whereas TB 
lymphadenitis requires a prolonged course of chemotherapy.

is generally bilateral and more diffuse. Supraclavicular nodes are 
often involved from extension of primary pulmonary infection. The 
nodes may be solid or necrotic and in advanced disease the nodal 
capsule may rupture, resulting in adherence of multiple nodes and 
formation of a cold abscess that may discharge through a sinus tract 
to the skin.

A B
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Figure 66.18 Mastoid infection. A: Facial abscess secondary to mastoid infection (Luc’s abscess) (marked by callipers). B: Internal 
jugular vein thrombosis secondary to mastoid infection (arrow).

A B

Figure 66.17 Lymph node mass with central abscess formation 
(callipers). A: Longitudinal greyscale image. B: Transverse image. 
C: Colour Doppler.
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appearances. Central necrosis may occur, mimicking abscess forma-
tion. Calcification is uncommon in untreated lymphoma but may 
be identified after chemotherapy or radiotherapy.4,12

SALIVARY GLANDS

The parotid and submandibular glands are readily accessible for 
ultrasound examination, although the much smaller sublingual 
glands are difficult to identify. On ultrasound, the normal parotid 
is triangular to ovoid in shape and homogeneous with increased 
echogenicity compared with adjacent muscle. Small intraparotid 
lymph nodes are frequently seen in normal children, measuring up 
to 5–6 mm in their short-axis diameter, and should not be mistaken 
for focal lesions (Fig. 66.19A).

Acute parotitis

The most common cause of a parotid swelling is infection, usually 
viral, with the most common causes being mumps, infectious 
mononucleosis (caused by Epstein–Barr virus) and CMV. In 75% of 
cases the swelling is bilateral.

Bacterial parotitis is rare in children, most often occurring in 
premature neonates and children with an underlying systemic 
illness. Staphylococcus aureus is the usual infective organism and 
retrograde spread from the mouth may be the underlying mecha-
nism of infection. It is usually unilateral and commonly associated 
with fever, dehydration and immunosuppression.

In parotitis, ultrasound shows diffuse enlargement of the parotid; 
the internal architecture of the gland may be normal, or it may 
appear heterogeneous and hypoechoic. Intraparotid lymph nodes 
are often enlarged and there may be associated cervical lymphaden-
opathy. Parotid abscess can develop secondary to bacterial parotitis 
or upper respiratory tract infection, with spread of infection to 
intraparotid lymph nodes and subsequent suppuration (Fig. 
66.19B). Enlargement of intraparotid lymph nodes can be seen with 
any cause of lymphadenopathy, including tuberculosis and atypical 
mycobacterial infection.

Recurrent acute parotitis

This disorder, otherwise known as juvenile recurrent parotitis, is 
characterised clinically by intermittent attacks of pain and unilat-
eral or bilateral parotid swelling often associated with fever and 
malaise. Typical age of onset is between 2 and 6 years of age in an 

Neoplastic cervical lymphadenopathy

Lymphoma and leukaemia are the commonest causes of malignant 
cervical lymphadenopathy in children. Metastatic cervical lym-
phadenopathy is uncommon, but can occur in neuroblastoma and 
rhabdomyosarcoma.

Lymphoma should be suspected if cervical lymphadenopathy is 
painless, shows progressive enlargement, involves supraclavicular 
nodes, or persists for more than 6 weeks despite antibiotic treat-
ment, especially in older children and adolescents. The majority of 
children with simple lymphadenopathy due to infection will 
respond to a 2-week course of antibiotics. Generally, any non-
resolving neck mass that has been present for 6 weeks despite 
antibiotic treatment requires further investigation. In the  
absence of definite evidence of a benign cause (such as infectious 
mononucleosis) excision biopsy of an entire lymph node is neces-
sary to exclude lymphoma, as fine-needle aspirate for cytology or 
percutaneous core biopsy may give misleading results.

Lymphoma accounts for half of all head and neck malignancy in 
children. Non-Hodgkin’s lymphoma is commoner than Hodgkin’s 
lymphoma in young children, but Hodgkin’s lymphoma is com-
moner in older children and adolescents. Extranodal disease is 
more common in non-Hodgkin’s lymphoma, whereas Hodgkin’s 
lymphoma is almost exclusively nodal in origin. Ultrasound readily 
demonstrates lymph node masses. They may be ovoid or round, 
can have increased flow on colour Doppler and may also coalesce 
into masses. The affected lymph nodes are typically enlarged, ovoid 
or round, and less echogenic than normal lymph nodes with loss 
of normal internal architecture. They may appear hypervascular on 
colour Doppler, and it may also be possible to recognise loss of the 
normal radial distribution of hilar vessels. These appearances  
may be sufficient to raise the possibility of lymphoma, but they  
are not specific and infection may produce identical ultrasound 

Figure 66.19 Parotid gland. A: Normal parotid with small intraparotid lymph nodes (arrows). B: Acute parotitis with intraparotid lymph 
node enlargement and abscess formation (arrows).

A B

Inflammatory masses and lymphadenopathy

• Cervical lymphadenopathy in children is usually due to simple 
infection, but ultrasound and other imaging modalities cannot 
reliably distinguish between benign and malignant 
lymphadenopathy.

• Lymphoma should be suspected if cervical lymphadenopathy is 
painless, enlarges progressively, involves supraclavicular nodes, 
or persists for more than 6 weeks.

• Atypical mycobacterial infection is an important cause of 
subacute or chronic cervical lymphadenitis.
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Other causes of parotid enlargement

Granulomatous disorders such as cat scratch disease, sarcoidosis 
and TB may involve the parotid and cause enlargement of  
the gland.

In children with HIV infection, all of the salivary glands may be 
affected, but chronic parotid enlargement is most common. Ultra-
sound typically shows multiple lymphoepithelial cysts of varying 
size, sometimes replacing most of the parotid glands or causing 
marked enlargement (Fig. 66.21).

Sialolithiasis

Salivary calculi are uncommon in childhood but should be sus-
pected with a history of recurrent painful salivary gland swelling 
related to eating. The majority of cases (90%) affect the submandib-
ular glands, and the remainder the parotid.

Stones may be intraglandular or intraductal. Eighty per cent  
of submandibular stones are radio-opaque, whereas only 20% of 
parotid stones are visible on radiographs. Ultrasound is more sensi-
tive than radiography at detection of intraglandular sialolithiasis, 
but sialography may be required if ultrasound and plain radiogra-
phy are inconclusive.

Salivary gland tumours

Salivary gland tumours are uncommon in children, representing 
only 1% of all childhood neoplasms and 10% of all paediatric head 
and neck tumours. The parotid is involved in up to 90% of cases, 
and approximately half are malignant, the majority of these occur-
ring in children over 10 years of age.

Pleomorphic adenoma is the most common benign salivary gland 
tumour after haemangioma and lymphatic malformations. They 
present as hard, mobile, painless, slow growing masses and usually 
occur in older children or adolescents. They occur more commonly 
in the parotid but may also occur in the submandibular glands. On 
ultrasound, a pleomorphic adenoma is usually well-defined and 
hypoechoic compared with the rest of the gland and may contain 
small calcifications. Distal acoustic enhancement is characteristic 
(Fig. 66.22).

Mucoepidermoid carcinoma is the most common malignant 
tumour of the salivary glands in children, and is also the most 

otherwise well child and the symptoms tend to diminish or cease 
to occur around puberty or late adolescence but may persist into 
adulthood. The aetiology is unknown, but possible causes include 
congenital duct abnormality with recurrent episodes of ascending 
infection, acquired duct damage caused by ascending infection 
which predisposes to further bouts of infection, and reduced flow 
of saliva. Some patients respond to antibiotics and prophylaxis may 
be helpful.

Ultrasound typically demonstrates a heterogeneous gland, with 
multiple round hypoechoic areas 2–4 mm in diameter within the 
parenchyma which represent peripheral sialectasis and lymphatic 
infiltration (Fig. 66.20). The appearances are similar to chronic paro-
titis, although the gland may be enlarged during an acute episode.13

Chronic parotitis

Chronic parotitis is uncommon in children and is associated with 
autoimmune disorders such as Sjögren’s syndrome, systemic lupus 
erythematosus or Raynaud’s disease. Patients usually have a low-
grade, persistent or intermittent parotid swelling and pain without 
signs of acute infection. Sometimes underlying ductal obstruction 
with stones is identified. Ultrasound demonstrates a heterogeneous 
gland with small punctate echogenic areas or small multiple hyp-
oechoic areas.

Figure 66.20 Juvenile sialectasis. The right parotid gland shows 
normal, uniform echogenicity. The left parotid contains multiple focal 
areas of low echogenicity.

Figure 66.21 Multiple parotid cysts containing layered echogenic debris in a child with HIV infection. A: Transverse image. 
B: Longitudinal image.
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small cystic areas, known as colloid cysts, within it, measuring up 
to 3 mm in diameter (Fig. 66.24). Occasionally one lobe of the 
thyroid may be absent, which may give a clinical impression of a 
swelling on the contralateral side.

The thyroid gland may also be ectopic, which usually results in 
a deficiency of thyroid hormone. The ectopic thyroid may be situ-
ated anywhere along the course of descent, but most often it is 
lingual or sublingual in location. On ultrasound, the ectopic thyroid 
appears as a rounded structure with uniform echogenicity, similar 
to normal thyroid, just above the hyoid, and the thyroid is absent 
from its normal position. When hypothyroidism is detected on 
neonatal screening, these ultrasound appearances are sufficient to 
make a confident diagnosis of lingual ectopic thyroid. In a minority 
of cases, the ectopic lingual thyroid maintains sufficient function to 
prevent overt hypothyroidism, and may present later in childhood 
as an enlarging mass at the base of the tongue, sometimes suffi-
ciently large to cause airway obstruction.4

common radiation-induced salivary gland tumour. Rapid increase 
in size of the mass, facial nerve paralysis or lymphadenopathy 
associated with a salivary gland mass are suspicious of malignancy. 
On ultrasound, malignant tumours usually appear heterogeneous, 
relatively hypoechoic in comparison with the normal gland,  
with indistinct borders, and may contain cystic or necrotic areas 
(Fig. 66.23).12,14

THYROID

The thyroid gland consists of two lobes at the level of the thyroid 
cartilage joined by an isthmus. Occasionally an extra lobe known 
as the pyramidal lobe extends superiorly. Normally the thyroid 
gland has a homogeneous appearance, but it is not unusual to find 

Figure 66.22 Pleomorphic adenoma of the parotid. A: Ultrasound shows a well-defined ovoid mass within the parotid gland, with 
relatively low echogenicity, and distal acoustic enhancement (arrow). An adjacent intraparotid lymph node is marked by callipers. B: Colour 
Doppler shows that the lesion has a vascular capsule and a few vessels are visible in its centre.

A B

Figure 66.23 Mucoepidermoid carcinoma of the parotid. A: Ultrasound shows a solid, poorly defined mass within the parotid gland, 
with mixed echogenicity and some small cystic areas (arrows). B: Colour Doppler shows sparse vessels within the tumour.

A B
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Hashimoto’s thyroiditis is also an autoimmune disease, which 
may occur in adolescent girls. As the disease progresses most 
patients become hypothyroid. It is the commonest cause of acquired 
hypothyroidism. On ultrasound the thyroid gland is enlarged and 
hypoechoic, with a coarse heterogeneous echotexture. If the gland 
becomes fibrotic there may be areas of increased echogenicity. Cal-
cification and lymphadenopathy may be present.3

Multinodular goitre is uncommon in childhood. It is usually  
idiopathic but may occur in association with congenital defects  
of thyroid hormone synthesis (dyshormonogenesis), McCune–
Albright syndrome and Hashimoto’s thyroiditis. On ultrasound the 
gland is enlarged and contains multiple nodules, which are usually 
hypoechoic but are sometimes hyperechoic and may contain calci-
fication (Fig. 66.27).

Focal thyroid lesions

Thyroid adenomas are the most common thyroid nodules in chil-
dren and are usually solitary. Typically on ultrasound the rest of 
the gland is normal and the adenoma is seen as a hypoechoic lesion, 
with a sonolucent rim, but haemorrhage, necrosis or calcification 

Acute suppurative thyroiditis

Acute suppurative thyroiditis is usually caused by blood-borne 
bacterial infection, but a rare cause is a congenital fistula, between 
the pyriform sinus and a lobe of thyroid, usually the left. Ultra-
sound shows a complex mass within the thyroid which commonly 
develops into an abscess. In immunocompromised children, a 
thyroid abscess may occur as a result of opportunistic infection by 
unusual organisms such as Aspergillus (Fig. 66.25).

Diffuse thyroid disease

Graves’ disease, Hashimoto’s thyroiditis and multinodular goitre 
are much less common in children than in adults but may  
occasionally present with a neck swelling in childhood. In some 
parts of the world simple goitre due to dietary iodine deficiency is 
common.

Graves’ disease is an autoimmune disease which causes thyro-
toxicosis. On ultrasound the gland is diffusely enlarged, with a 
lobulated margin. The echogenicity may be normal or hyperechoic, 
but the most striking feature is that it is markedly hypervascular 
(Fig. 66.26).

Figure 66.24 Normal thyroid with colloid cysts (arrows). A: Transverse image. B: Longitudinal image.

A B

Figure 66.25 Thyroid abscess caused by 
Aspergillus infection in an immunocompromised 
child with leukaemia (arrows). A: Longitudinal 
image. B: Transverse image.
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Figure 66.26 Graves’ disease. Transverse (A) and longitudinal (B) images show diffuse enlargement of the thyroid. C: Colour Doppler 
shows marked hypervascularity of the whole of the thyroid.
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Figure 66.27 Multinodular goitre. Transverse (A) and longitudinal (B) images show diffusely abnormal thyroid architecture with discrete 
nodules with both increased (long arrow) and decreased (short arrow) echogenicity.

A B



CHAPTER 66 • Head and neck masses in children

1312

other malignant tumours may have pseudocapsules. Imaging 
appearances are non-specific and, in the absence of a histological 
diagnosis, a suspicious clinical history is the single most important 
factor in determining whether a child’s neck mass could be malig-
nant. Typically malignant cervical lesions are painless, firm, fixed 
masses that may be accompanied by systemic symptoms. A firm 
hard mass, rapid or progressive growth, and fixation to skin or deep 
structures are important indicators of possible malignancy. Because 
ultrasound appearances are non-specific, any lesion that does not 
fulfil criteria for a benign lesion warrants biopsy.12 Unlike the situ-
ation with adult head and neck tumours, fine-needle aspiration of 
solid soft tissue masses in children is usually inappropriate, except 
for focal thyroid or salivary gland lesions (see above). Most of the 
soft tissue tumours of childhood are small, round cell tumours 
which cannot easily be differentiated by cytology.

Rhabdomyosarcoma is the commonest soft tissue sarcoma of 
childhood, with about 40% occurring in the head and neck. Age 
distribution is biphasic, with peaks in early childhood and in the 
teenage years. Rhabdomyosarcomas are usually bulky, sometimes 
partly necrotic, aggressive tumours that rapidly invade surround-
ing structures and metastasise to regional lymph nodes.  
However, some cases present in an indolent manner and may be 
mistaken for inflammatory cervical lymphadenopathy. Rhab-
domyosarcomas are sometimes highly vascular, but do not usually 
contain the high density of small vessels typical of a haemangi-
oma, and are usually firm, whereas a haemangioma is soft and 
easily compressible.4,15

Neuroblastoma is a malignant tumour of childhood originating 
from neural crest cells. Most cases occur in the first 5 years of life. 
The most common location is in the abdomen; less than 5% of 
primary tumours occur in the neck and these have a relatively 
favourable prognosis. Cervical tumours may extend into the spinal 
canal through the neural foramina, and may present with symp-
toms of cord or nerve root compression or an ipsilateral Horner’s 
syndrome. CT or MRI is necessary to assess spinal extension, which 
cannot be reliably demonstrated with ultrasound. Metastatic 
involvement of cervical nodes occurs from primary sites in the 
abdomen or thorax, often involving the left supraclavicular 
nodes.12,15

Other neurogenic tumours such as nerve sheath tumours, neu-
rofibromas, ganglioneuroma and ganglioneuroblastoma may have 
identical appearances to neuroblastoma (Fig. 66.29). Plexiform neu-
rofibroma is a peripheral nerve sheath tumour that is typically 
associated with neurofibromatosis type 1. The tumour produces 
diffuse enlargement and distortion of nerves; it is histologically 
benign but may be locally aggressive (Fig. 66.30).

may alter this appearance. On colour Doppler ultrasound it typi-
cally has a vascular rim (Fig. 66.28).

Thyroid carcinoma accounts for about 1% of malignancies in 
children under 15 years of age; 70–90% of cases are papillary carci-
noma, with follicular carcinoma accounting for 10–20%. Medullary 
carcinoma of the thyroid is associated with multiple endocrine neo-
plasia syndromes and occurs in 1–10% of cases. Thyroid carcinoma 
may be multicentric and bilateral. On ultrasound most are hypoe-
choic, but they can be hyperechoic or isoechoic. They may also have 
a regular or irregular border and may have a sonolucent rim, as is 
the case with an adenoma. Calcification may occur in medullary 
cell carcinoma. At the time of diagnosis nodal metastases are 
present in 55–90% of cases.3,4

Ultrasound alone cannot reliably distinguish between benign and 
malignant thyroid nodules and further investigation with fine-
needle aspiration or biopsy is required.

OTHER NEOPLASTIC MASSES

Head and neck neoplasms account for only 5% of all malignancy in 
children, of which over 50% are soft tissue sarcomas and lym-
phoma. On ultrasound, malignant tumours usually appear solid 
and uniformly echogenic, but may contain areas of necrosis or 
calcification. Malignant tumours typically have irregular, ill-defined 
margins with evidence of vascular encasement and invasion of 
normal structures, but the presence of an apparently well-defined 
capsule should not give false reassurance; soft tissue sarcomas and 

Figure 66.28 Thyroid adenoma. A: Ultrasound shows a well-defined, solitary focal lesion within the left lobe of the thyroid, with a 
hypoechoic rim (arrow). B: Colour Doppler shows that the margin of the lesion is vascular.

A B

Salivary gland and thyroid lesions

• Haemangiomas and lymphatic malformations are the commonest 
causes of parotid masses in young children. Pleomorphic 
adenomas are commoner in older children and adolescents, but 
mucoepidermoid carcinomas also occur in this age group.

• Ectopic lingual thyroid may present as an enlarging mass at the 
base of the tongue.

• Thyroid adenomas are the most common cause of solitary 
thyroid nodules in children. Thyroid carcinoma can occur in 
childhood but is uncommon. The majority of cases are papillary 
carcinoma. Ultrasound alone cannot reliably distinguish between 
benign and malignant thyroid nodules.
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Figure 66.29 Ganglioneuroma. Ultrasound shows a solid, echogenic mass (white arrows) adjacent to the thyroid (black arrow). 
A: Longitudinal image. B: Transverse image. C: Extended field-of-view sonography shows the full extent of the lesion and its relationship to 
the adjacent cervical vertebrae. D: Colour Doppler shows scattered vessels throughout the solid tumour.
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Figure 66.30 Plexiform neurofibroma involving the scalp in a 
child with neurofibromatosis type 1. Short arrows indicate the 
lobulated and cord-like solid structures, which are enlarged, 
thickened nerves. The long arrow marks the outer table of the 
occipital bone.

Neoplastic masses

• Malignant soft tissue tumours of childhood, such as 
rhabdomyosarcoma and neuroblastoma, have non-specific and 
variable ultrasound appearances.

• Urgent biopsy is indicated for any mass which is solid and shows 
rapid or progressive enlargement, fixation to deep structures, or 
is associated with signs of spinal cord or nerve root compression 
or a Horner’s syndrome.

• The presence of a well-defined capsule or pseudocapsule does 
not exclude malignancy.

• Fine-needle aspiration is usually not appropriate for the diagnosis 
of neoplastic masses in children, except for thyroid and salivary 
gland nodules.

• Neuroblastoma and other neurogenic tumours may extend into 
the spinal canal but this cannot be reliably demonstrated with 
ultrasound.
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INTRODUCTION

Development of real-time ultrasound and high-frequency linear 
array technology has taken imaging of the spine in early life well 
beyond early reports of using articulated arm static scanners. 
Clearer and more detailed information about spinal anatomy and 
pathology has made the modality increasingly useful.1–4 Its use in 
the older child and adult is severely limited by the presence of the 
surrounding posterior bony vertebral arches, whereas in the 
neonate these structures are incompletely ossified. At birth the pos-
terior portions of the neural arches and spinous processes are still 
cartilaginous, providing an acoustic window into the spinal canal, 
which can be imaged in the sagittal (longitudinal) and axial (trans-
verse) plane.

By the end of the first year of life, fusion of the lamina into a  
bony arch is complete in the lumbar region; ossification progresses 
cranially and is complete in the cervical region by 2 years of age. 
Visualisation of the spinal canal in the older child is only possible 
when a congenital or surgical bony defect is present, but ultrasound 
scanning rarely provides useful or diagnostic information in such 
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cases and there should be no hesitation in proceeding to magnetic 
resonance imaging (MRI).

Spinal ultrasound is most useful in the first few weeks of life, 
when the posterior elements are unossified. The quality of informa-
tion can be unrivalled if performed with care and attention to 
detail.5

Although MRI is now the modality of choice for spinal imaging, 
the neonatal spine presents a difficult challenge for MRI because of 
the small size of the baby, lack of suitable dedicated neonatal spinal 
surface coils and the high water content and immature myelination 
of the spinal cord, leading to relatively poor tissue contrast and 
signal-to-noise ratio compared to older infants and children. Pulsa-
tile hyperdynamic cerebrospinal fluid (CSF) flow in the spine is 
particularly pronounced in infancy and early childhood, presenting 
additional interpretive problems, generating complex CSF flow pul-
sation artefacts on spinal MRI.6 Conversely, ultrasound can reveal 
exquisite anatomical detail, guiding subsequent imaging triage.

TECHNIQUE

The infant’s back should be inspected for cutaneous stigmata of 
occult spinal dysraphism. Although such findings may be the 
trigger for the study, clinicians sometimes miss subtle physical 
features (such as skin pits). Care should be made to look for a tiny 
ostium that may mark a dermal sinus track, which can be difficult 
to identify by ultrasound scanning.

A high-quality real-time ultrasound machine is needed. A curved 
linear or sector transducer is preferable for scanning the craniocer-
vical junction. Linear array transducers are best for imaging the  
rest of the spine. In the neonate frequencies of 7.5–12 MHz are 
routinely used.

The infant should be examined in the prone position, the spine 
slightly flexed to flatten out the natural lower spinal lordotic cur-
vature, lying prone over a pillow or bolster placed on the lap of the 
person holding the infant. Flexion maximises the acoustic window 
in axial scanning.

Performing the examination following a feed may ensure the baby 
is settled and more likely to lie still. Slightly warmed ultrasound gel 
will reduce the disturbance to the baby. Plenty of coupling gel on the 
skin should be maintained throughout the examination.

The entire spine, from craniocervical junction to coccyx, is 
scanned in the sagittal and axial planes, capturing representative 
images from each zone. A split-screen facility enables contiguous 
sagittal sections of the spine to be displayed together, providing a 
composite image of a longer length of spine.3 This is useful for 
determining anatomical landmarks, counting spinal vertebral levels 
and delineating the full extent of more complex pathological struc-
tures. The extended field-of-view facility on some scanners achieves 
the same result.

The examination starts at the sacrococcygeal level; identifying the 
five sacral vertebral bodies provides a landmark for anatomical 
localisation. The presence and direction of spinal cord and nerve 
root movement should be looked for. A clip store helps in the 
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demonstrated a spinal abnormality, ultrasound identified the index 
lesion. MRI confirmed normal appearances in all spinal ultrasound 
scans reported as normal, suggesting excellent sensitivity for 
ultrasound.

However, caution must be exercised in evaluating studies that 
include older children and where older generation MRI systems 
were used. Current state-of-the-art MRI, with superior surface coil 
technology, gradient systems, CSF and cardiac gating techniques, 
has improved the quality of MRI in the first few months of life.

NORMAL ANATOMY

Extraspinal and spinal anatomy

Extraspinal
The skin surface appears as a narrow echogenic bilaminar stripe in 
the near field. Below this subcutaneous fat forms an intermediate 
to low echogenicity plane, immediately deep to which lies the lum-
bosacral fascia. This commences in the coccygeal region (Fig. 67.1), 
forming a strongly echogenic unbroken stripe, which in turn blends 
with the hypoechoic interspinous ligaments and posterior paraspi-
nal musculature in the lumbosacral region (Fig. 67.2). Gas within 
the rectum appears as an echogenic structure immediately deep to 
the coccyx (Fig. 67.1).

Spinal
The spinal column is composed of 33 individual segments, which 
are unfused in the cervical (7 segments), thoracic (12 segments) and 
lumbar (5 segments) regions. The 5 sacral and 4 coccygeal segments 
are partially fused. At term, echogenic ossification centres are 
present in all the vertebral bodies except the coccyx, and in paired 
centres that form the posterior neural arches. The latter do not fuse 
in the midline until the end of the first year of life.

On sagittal plane imaging, the vertebral bodies form strongly 
echogenic complexes lying deep to the anechoic CSF-filled thecal 
sac. The appearance of the posterior neural arches lying superficial 
to the thecal sac varies with the level of the spine and age of the 
patient, and they cast variable echogenic shadowing within the 

appreciation of cord and root dynamics. With changes of position 
and with crying the spinal cord normally shows dorsoventral 
movement and the echogenic roots of the cauda equina move freely 
within the transonic CSF in the thecal sac. Pulsations of the anterior 
spinal artery and ‘dancing’ motion of individual nerve roots may 
also be seen.1 The spinal cord does not normally pulsate with the 
cardiac cycle.2

In up to 10% of cases, a second (or more) dysraphic abnormality 
is present elsewhere in the neuraxis. Cord cavitation distant from 
the site of the lesion should be looked for, emphasising the need to 
examine the entire length of the cord.

INDICATIONS FOR SPINAL ULTRASOUND

Requests for spinal ultrasound often depend upon local experience 
and availability of appropriate sonographic expertise. Another 
factor is a lack of awareness amongst many referring clinicians as 
to the uses and limitations of ultrasound in early life.

Ultrasound is recommended as the initial examination in sus-
pected spinal disease in the neonate. Where ultrasound is inconclu-
sive or reveals pathology it should be followed by MRI. Over-reliance 
on ultrasound carries the risk of diagnostic errors and failure to 
detect potentially significant pathology. There should be a low 
threshold for proceeding to MRI.

CONTRAINDICATIONS FOR  
SPINAL ULTRASOUND

The only absolute contraindication is an open neural tube defect 
because of the risk of contamination and infection. Increasing age 
is a relative contraindication; visualisation of the spinal canal is 
limited beyond early infancy. Over-reliance on ultrasound as the 
primary imaging modality outside of the first few weeks of life 
should be strongly resisted. Severe spinal deformity and bony ver-
tebral anomalies can make ultrasound difficult. Scanning in the 
axial plane is most useful in these cases.

ULTRASOUND VERSUS MRI

In a study of spinal disorders in infants undertaken in the 1990s, 
ultrasound was equally sensitive to MRI in the diagnostic yield.7 
Thirty children with a mean age of 5.5 months underwent 38 spinal 
ultrasound scans; in 32 cases ultrasound matched the information 
seen on MRI. In 5 cases ultrasound showed the main abnormality but 
MRI gave additional information. In all 24 MRI studies that 

Figure 67.1 Sagittal image of sacrum and coccyx. The 
subcutaneous fat is hypoechoic, immediately below which lies the 
echogenic lumbosacral fascia (LSF). The echogenic sacral vertebral 
bodies (S) contrast with the hypoechoic coccyx (C). Note echogenic 
fat (F) in the sacral spinal canal and echogenic bowel gas (BG).

LSF

C
S5

S4

F

BG
S3

Indications for ultrasound scanning in early infancy

High risk Medium risk Low risk

Multiple congenital 
anomalies

Complicated sacral 
dimple (>5 mm 
diameter, >2.5 cm 
above anus)

Uncomplicated 
sacral pit or dimple 
(<5 mm diameter, 
<2.5 cm above 
anus)

Suspected 
birth-related cord 
damage

Subcutaneous soft 
tissue mass

Strawberry naevus 
or Mongolian blue 
spot

Atypical or 
discharging skin pit

High-risk skin 
markers (hairy tufts, 
associated 
haemangioma, tail 
buds)

Isolated diffuse 
hairiness
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Figure 67.2 Sagittal image of sacrum. The bilaminar skin 
surface complex is readily seen (arrowhead), with the underlying 
hypoechoic subcutaneous fat and echogenic lumbosacral fascia 
(LSF). The hypoechoic spinous processes (short arrows) are 
bridged by more echogenic interspinous ligaments. The sacral 
vertebral bodies (S) lie deep to the epidural fat (F) filling the sacral 
canal. The sacral cul-de-sac (long arrow) can be difficult to 
differentiate from the echogenic fat. The hypoechoic L5/S1 disc (D) 
lies between the bodies of S1 and L5.
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Figure 67.3 Sagittal image of the lumbar spine with colour 
Doppler imaging. The vertebral bodies (VB) form strongly 
echogenic structures immediately deep to the anterior wall of the 
thecal sac. The intervertebral disc (D) is hypoechoic but contains a 
central echogenic stripe. CE, cauda equina. The basivertebral veins 
are readily identified on colour Doppler imaging (arrows).

CECE

VBD

Figure 67.4 Craniocervical region. A: Sagittal image of upper cervical spine with a sector transducer. Note the lower brainstem (P, 
pons; M, medulla), craniocervical junction (arrowhead) and cervical cord (long arrow). The spinous processes are more echogenic (black 
arrows). Short arrow indicates the central echo complex. CL, clivus; C, cervical vertebral body. B: Sagittal T2 MR image (displayed 
horizontally). The internal architecture of the cord is not as well visualised as on the corresponding ultrasound image. Note good correlation 
of the anatomy of the brainstem. P, pons; M, medulla; CM, cisterna magna; CL, clivus; craniocervical junction indicated by arrowhead and 
upper cervical cord by arrow.
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canal. With increasing age, they become more echogenic and an 
increasing barrier to insonation of the underlying structures. In the 
first few weeks of life, the unossified coccyx appears as a tubular 
hypoechoic structure extending caudally from the fifth sacral body 
(Fig. 67.1). Identification of the five echogenic, rectangular ossified 
sacral vertebral bodies, forming a curved sweep in the sagittal 
plane, is the basis for localisation of the spinal level (Fig. 67.2).

The lumbar vertebrae have a cleft in the midbody region, contain-
ing the basivertebral veins (Fig. 67.3). Intervening intervertebral 
discs are hypoechoic, reflecting the gel-like nucleus pulposus. The 
nucleus pulposus is particularly large in the first year of life, there-
after gradually decreasing in size.

The vertebral bodies of the upper cervical spine and ossification 
centres of the clivus form constant strongly echogenic landmarks. 
The intervening anterior arch of C1 is poorly visualised. The spinous 
processes are cartilaginous in the first few months of life; however, 
in the cervical spine they ossify earlier than the remainder of the 
spinal column and may appear echogenic (Fig. 67.4).
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Lumbar region
The echogenic vertebral bodies form the deep extent of the spinal 
canal on sagittal scanning, separated from the echogenic anterior 
thecal sac wall by a thin band of intermediate echogenicity fat in 
the anterior epidural space. The echogenic posterior thecal sac wall 
lies immediately deep to the posterior neural arches. The CSF 
within the thecal sac contains the linear echogenic nerve roots of 
the cauda equina (Fig. 67.7).

In the axial plane the roots of the cauda equina form an amor-
phous mass of echogenic structures filling much of the thecal sac in 
the lower lumbar spinal canal (Fig. 67.8). In the upper lumbar spine 
they become progressively more symmetrical, clustered either side 
of the midline (Fig. 67.9).

The filum terminale, a single strand of neuroglial tissue, may be 
identified on sagittal images as a fine linear midline echogenic 
structure within or posterior to the cauda equina. The filum extends 
caudally from the tip of the conus medullaris to pierce the thecal 
sac and attach to the posterior aspect of the coccyx.8 No nerve roots 
arise from the filum terminale.

In the axial plane the posterior neural arches are delta- or gull-
shaped echogenic structures casting variable acoustic shadowing 
(Figs 67.5 and 67.6). In the thoracic region, the paired ribs appear 
as posteriorly convex echogenic structures sweeping away from the 
vertebral bodies, overlying the echogenic lungs (Fig. 67.6). 

Intraspinal anatomy

Sacrum and coccygeal region
Echogenic epidural fat fills the sacral spinal canal, blending with 
the theca and its contained anechoic cerebrospinal fluid (CSF) at the 
sacral cul-de-sac (Fig. 67.1).

Figure 67.5 Axial image through mid thoracic cord. The spinal 
cord lies towards the anterior half of the spinal canal, suspended by 
the echogenic dentate ligaments (arrows) in the anechoic CSF.  
T, transverse process; La, lamina; S, spinous process; VB, vertebral 
body; arrowheads indicate ventral and dorsal nerve rootlets.
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S

T

VB

Figure 67.6 Axial image through the upper thoracic spine. 
The spinal cord is round and hypoechoic with a clearly defined 
central echo complex. D, deep fascial layer; La, lamina;  
T, transverse process; M, paraspinal muscle; R, rib; Lu, lung;  
VB, vertebral body.
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Figure 67.7 Sagittal image of the lumbar spine. The cauda 
equina (CE) fills the thecal sac. The thecal sac wall (arrowheads) is 
separated from the echogenic cauda equina by anechoic CSF.  
VB, vertebral body; D, intervertebral disc; arrow indicates anterior 
(ventral) echogenic epidural fat.
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Anatomical landmarks

Anatomical 
site

Ultrasound 
appearance Comment

Coccyx Hypoechoic, 
tubular

Use to locate fifth sacral 
segment

Sacrum 5 echogenic 
segments

Count up from coccyx to locate 
S1

Lumbar spine 5 echogenic 
segments

Contains linear echogenic cauda 
equina; conus lies from T12 to 
lower L2

Thoracic 
spine

12 echogenic 
segments

Tubular hypoechoic cord, lies 
towards ventral part of canal. 
Central echo complex

Cervical 
spine

7 echogenic 
segments

Triangular hypoechoic cisterna 
magna behind craniocervical 
junction, echogenic elements of 
clivus anterior
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Figure 67.8 Axial image at the lumbosacral junction. The 
thecal sac is largely filled by the echogenic cauda equina (arrows) 
with little visible CSF. La, lamina; M, paraspinal muscle;  
T, transverse process; VB, vertebral body; LSF, lumbosacral fascia.

M
LSF

T
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Figure 67.9 Axial image in the mid lumbar region. The 
echogenic nerve roots of the cauda equina are clumped together 
into two symmetrical groups (arrows) within the thecal sac.  
T, transverse process; M, paraspinal muscle; LSF, lumbosacral 
fascia; VB, vertebral body.
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Figure 67.10 Distal cord. A: Sagittal image of the distal cord (C) and conus (arrow). The echogenic nerve roots of the cauda equina 
encase the conus and extend caudally in the transonic CSF. Echogenic vertebral bodies (VB) lie immediately deep to the anterior thecal 
sac wall with the hypoechoic intervening intervertebral discs (D). S, spinous process; ISL, interspinous ligament; La, lamina. B: Sagittal T2 
MR image at the same level in a 9-day-old infant. Note that the cord (C), cauda equina (CE), conus medullaris (arrow), posterior neural 
arches and ligamentous anatomy are not as clearly visualised as on ultrasound at this age.
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Thoracic region and conus
The conus medullaris, the termination of the spinal cord, is located 
anywhere between T12 and lower L2.9 The conus is the last segment 
of the cord from which nerve roots arise; none arise from the filum. 
This distinction can be crucial; if cord tethering (see later) is con-
sidered to be the cause of a child’s neurological deficit, the filum 
may be safely surgically divided. A tethered cord often becomes 
thinned and attenuated, blending imperceptibly with a thickened 
filum terminale. The surgeon must be aware of the transition point 
so as not to divide a low-lying spinal cord, which could result in 
devastating neurological sequelae. Elective division of a thickened 
tethering filum to prevent late neurological problems was prevalent 
in many centres in the past; the evidential efficacy of this practice 
is lacking, and is now largely abandoned.

In the lower thoracic/upper lumbar region the hypoechoic cord 
is focally enlarged (lumbar expansion) before funnelling down to 
the conus. The conus is identified in the sagittal plane as a conical 

structure, surrounded by echogenic cauda equina (Fig. 67.10A). 
Although MRI, particularly T2-weighted imaging, is the gold stand-
ard, the high-resolution detail afforded by ultrasound in early 
infancy provides exquisite detail that may not be achievable by MRI 
(Fig. 67.10B). In the axial plane the lumbar expansion is flanked by 
echogenic lumbosacral nerve roots (Fig. 67.11). The conus is sur-
rounded by a symmetrical arrangement of the echogenic cauda 
equina (Fig. 67.12).

The split-screen facility enables a more complete evaluation of 
the position of the lower spinal cord (Fig. 67.13). The spinal cord 
normally lies a third to halfway between the anterior and posterior 
margins of the upper thoracic spinal canal6 (Fig. 67.14).
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oblongata (Fig. 67.4). The pons and medulla appear relatively hyp-
oechoic. CSF in the cisterna magna appears as a triangular transonic 
space dorsal to the craniocervical junction and medulla.

The grey and white matter of the spinal cord is homogeneously 
hypoechoic. The anatomy correlates well with MRI, which provides 
high quality anatomical portrayal of this region. However, MRI 
lacks the ability to show delicate cord detail in the first few months 
of life (Fig. 67.4)

Vascular structures

The anterior spinal artery may be seen as a tiny tubular midline 
structure on the ventral surface of the cord, its vascular nature 
confirmed by colour Doppler imaging (CDI) (Fig. 67.17).

Veins forming the vertebral venous complex, located in the epi-
dural fat surrounding the thecal sac, appear as transonic structures 
on both sagittal and axial ultrasound. CDI reveals the vascular 
nature of these transonic structures (Fig. 67.18). The veins may 
appear disproportionately large in the neonate. The basivertebral 
veins, which drain the vertebral bodies into the venous plexus 

The central echo complex forms a single strongly echogenic line 
or pair of lines within the spinal cord on sagittal images (Fig. 67.15) 
and a central echogenic ‘dot’ (or ring) on axial images (Fig. 67.16).10,11 
The central echo complex probably represents the central canal of 
the spinal cord. Physiological enlargement of the central canal or a 
dilated ventriculus terminalis is continuous with and splays the 
central echo complex, which funnels down to a single central echo 
complex both caudal and cephalad to the widened central echo 
complex.

Axial images in the mid and upper thoracic region reveal an 
oval/round hypoechoic cord lying freely within the CSF. Paired 
dorsal and ventral roots may be identified in addition to the dentate 
ligaments, which suspend the spinal cord within the spinal canal, 
arising from the cord at its equator and extending laterally to the 
thecal sac wall (Fig. 67.5).

Cervical region
Sagittal scanning employing a sector transducer is required to 
image the upper cervical spine and craniocervical junction,  
permitting visualisation of the cisterna magna, pons and medulla 

Figure 67.11 Axial image through the lower thoracic spine. 
Note the relatively large size of the anechoic CSF-filled thecal sac 
compared to the spinal cord. T, transverse process; VB, vertebral 
body; arrowheads indicate dorsal and ventral nerve rootlets; short 
arrows indicates thecal sac wall.

T

VB Figure 67.12 Axial image at the conus. The nerve roots 
forming the cauda equina (arrowheads) are grouped together like  
a four-bladed fan around the conus (arrow). Sk, skin;  
LSF, lumbosacral fascia; M, paraspinal muscles; La, lamina;  
T, transverse process; VB, vertebral body.
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Figure 67.13 Normal thoracic spine. 
Sagittal image of the mid and lower thoracic 
cord using the split-screen facility. Note the 
focal expansion of the lower thoracic cord 
due to the lumbar enlargement. Arrowheads 
indicate central echo complex; arrows 
indicate thecal sac wall; VB, vertebral body; 
D, intervertebral disc; S, spinous process 
(echogenic due to early ossification);  
La, lamina.
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Figure 67.14 Normal cervicothoracic spine. Sagittal image at 
the cervicothoracic junction. The cord lies anteriorly within the spinal 
canal. ISL, interspinous ligament; La, lamina; S, spinous process; 
VB, vertebral body; D, intervertebral disc; double-headed arrow 
indicates spinal cord; small white arrows indicate thecal sac wall; 
arrowhead indicates central echo complex.
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Figure 67.15 Central echo complex. Sagittal image of the lower 
thoracic spine demonstrating a prominent central echo complex 
within the hypoechoic cord (arrows), funnelling down to a single 
delicate echogenicity at the level of the conus (arrowhead).

Figure 67.16 Central echo complex. Axial image of the lower 
thoracic spine at the level of the lumbar expansion. Note the 
anterior fissure of the cord (small arrow) extending down to the 
central echo complex (long arrow). T, transverse process;  
VB, vertebral body; S, spinous process; M, paraspinal muscle; 
arrowheads indicate echogenic nerve roots.
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Figure 67.17 Sagittal colour Doppler image in the lower 
thoracic region. The anterior spinal artery is readily identified on 
the ventral surface of the cord (arrows).

Figure 67.18 Axial imaging in the mid lumbar region. The echogenic cauda equina (arrows) are arranged symmetrically in the 
transonic CSF. Epidural veins, appearing as transonic structures lying outside the thecal sac (arrowheads) on real-time scanning, can only 
be fully appreciated with colour Doppler imaging. LSF, lumbosacral fascia; VB, vertebral body; T, transverse process.
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In spina bifida aperta the externalised neural tissue is clearly 
visible and vulnerable, making ultrasound inadvisable. A second 
abnormality occurs cephalad or caudad to the myelomeningocele 
in up to 75% of patients8,21 (see below).

In spina bifida cystica the primarily epithelialised sac may be 
imaged; however, MRI has supplanted ultrasound for the investiga-
tion of such lesions. Ultrasound of the craniocervical junction may 
demonstrate a Chiari II malformation, invariably associated with 
myelomeningoceles;22 transfontanellar ultrasound may detect ven-
tricular dilatation that develops in most cases, usually requiring 
shunting.8

Closed spinal dysraphism (CSD)
As skin and neural tissues share a common ectodermal origin, 
anomalies of both frequently coexist. Clinical detection of a midline 
skin lesion in an otherwise well baby often triggers a request for 
imaging to exclude an underlying lesion. Dysraphic abnormalities 
characterised by a covering of normal skin are classified as closed 
spinal dysraphism (CSD). The majority are associated with a sub-
cutaneous (usually fatty) mass, or a cutaneous abnormality, such as 
a hairy tuft, a naevus or a sinus, indicating an underlying develop-
mental anomaly.

Closed dysraphic abnormalities associated with a subcutaneous 
mass include lipomyelomeningoceles and myelocystoceles (termi-
nal expansion of the central canal of the spinal cord associated with 
expansion of the dural tube). Those not usually accompanied by a 
subcutaneous mass include anterior sacral meningocele, split  
notochord syndrome (including diastematomyelia), dorsal dermal 
sinus, tight filum terminale syndrome and intraspinal lipomas. 

Anterior meningocele

This is a rare entity characterised by a CSF-filled sac that protrudes 
through a bony defect, usually in the sacrococcygeal region where 
sacral dysgenesis is usually present. Meningoceles may be asymp-
tomatic or present with bowel/bladder dysfunction and/or a pelvic 
mass. The sac, by definition, contains no cord tissue (although  
neuroglial tissue may course through it) and represents a focal 
expansion of the meninges through an anterior sacral defect.

Ultrasound shows an anechoic fluid-filled sac directly continuous 
with the spinal canal. Although generally echo-free, the menin-
gocele may be multilocular or traversed by fine adhesions that do 
not enter the spinal canal. The sac may change size and shape with 
position or Valsalva manoeuvre.

Spinal lipoma

Spinal lipomas constitute 20–50% of CSDs. These masses of fat and 
connective tissue are variably encapsulated and have a connection 
with the leptomeninges or spinal cord. In general lipomas are 
highly echogenic and relatively easily discernible on ultrasound 
examination,2 with accompanying defects of the posterior neural 
arches and a low position of the commonly tethered spinal cord. 
Three types occur:

within the spinal canal, lie within the cleft in the vertebral bodies 
posteriorly (Fig. 67.3).

EMBRYOLOGY

The embryological aspects of spinal development are addressed 
elsewhere, to which the reader is referred as well as further litera-
ture addressing the complex issues associated with spinal forma-
tion and development.12–19 The development of the embryonic spine 
and neural elements involves a complex series of events; errors in 
these processes may result in a diverse group of abnormalities, col-
lectively known as spinal dysraphism.

CLINICAL APPLICATIONS

Spinal dysraphism

The commonest application of spinal ultrasound is suspected spinal 
dysraphism. This term refers to all forms of incomplete fusion or 
malformation of the midline embryonic structures involving cuta-
neous, osseous and neural elements, either alone or in combination. 
Spinal dysraphism therefore includes:

1. all forms of anomalies in which there is incomplete fusion of 
the neural tube, meninges, vertebral column or skin

2. failure of separation of the germinal layers, e.g. a deep  
dermal sinus

3. abnormal growth of ectopic cell rests, e.g. dermoid or 
epidermoid cyst

4. disturbance of growth of an otherwise normal tissue, e.g. an 
intraspinal or intramedullary lipoma.

Spinal dysraphism manifests itself clinically as open defects 
(lacking in skin covering) or closed defects (skin covered) and are 
thus classified as open spinal dysraphism (OSD) and closed spinal 
dysraphism (CSD).20

Open spinal dysraphism (OSD)
In OSD there is incomplete closure of the bony elements of the 
spinal canal, with posterior protrusion of part or all of its contents. 
Open dysraphism is subdivided into spina bifida aperta (com-
pletely deficient skin covering), and spina bifida cystica (poorly 
epithelialised skin covering) and includes:

1. meningocele: extension of a CSF-filled arachnoid sac through 
a posterior spina bifida

2. myelocele: an externalised midline plaque of neural tissue, 
exposed, and flush with, the skin surface

3. myelomeningocele: a myelocele that has been elevated above 
the skin surface by expansion of the underlying subarachnoid 
space.

Closed spinal dysraphism

With subcutaneous mass  Without subcutaneous mass

Lipomyelomeningocele Diastematomyelia

Lipomyeloschisis Dermal sinus

Terminal myelocystocele Thickened filum terminale

Intraspinal lipoma

Anterior sacral meningocele

Open spinal dysraphism

Type Cord position Investigation

Myelomeningocele Raised above skin 
surface

Craniospinal MRI

Myelocele Level with adjacent 
skin

Craniospinal MRI

Posterior 
meningocele

Inside spinal canal Spinal MRI
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The interface between spinal cord and lipoma may lie within 
(lipomyeloschisis syn: lipomyelocele) or outside of the spinal canal 
(lipomymelomeningocele). In reality, the majority of lesions strad-
dle the spinal canal with varying degrees of expansion of the under-
lying subarachnoid space. The meningeal sac may be identified as 
a discrete transonic pouch within the soft tissue mass or as finger-
like transonic projections into the mass, echogenic neuroglial 
strands forming pseudosepta within the sac. The spinal cord lies in 
a low position, firmly applied to the posterior aspect of the canal 
with variable posterior extension into the meningeal sac in the 
subcutaneous mass (Fig. 67.19).

1.  Lipomyelomeningocele and lipomyeloschisis
These constitute up to 50% of skin-covered lumbosacral masses. 
They present before 6 months of age with a subcutaneous mass, or 
later in life with neurological symptoms. The subcutaneous compo-
nent is typically asymmetric, presenting as a fleshy expansion 
towards one side of the low back or in one buttock.

Large masses of complex echogenic fatty tissue extend deep from 
the subcutaneous plane into the spinal canal through a posterior 
spina bifida. The normal relatively hypoechoic subcutaneous fat is 
deficient at the site of the lipoma. The bony lamina, paraspinal 
muscles and lumbodorsal fascia are separated in the midline.

Figure 67.19 Mixed lipomyeloschisis. A: Sagittal image in the lumbar region showing a large echogenic lipoma (Li) extending from the 
subcutaneous region deep to enter the spinal canal through a wide defect in the posterior neural arches of the lower lumbar spine (note 
absence of echogenic posterior elements), blending with and tethering the low-lying cord (arrows). Focal finger-like projections of CSF-filled 
pouches are present around the extraspinal part of the lesion (arrowheads). VB, vertebral bodies. B: Axial image in the lower lumbar spine. 
The echogenic lipoma (Li) is difficult to differentiate from adjacent fat but note loss of definition of the normal thin echogenic line of the dermis. 
The lipoma extends through a wide posterior neural arch defect into the spinal canal to blend with the low-lying cord (arrow). T, transverse 
process. C: Sagittal high-resolution T2 image showing the low-lying cord tethered to the lipoma (Li) entering into the spinal canal.
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spinal MRIs undertaken for unrelated symptoms, though they may 
present with symptoms of a tethered cord as late as the seventh 
decade.23,24 In many cases the lipoma appears as a small, gracile 
thickening of the filum terminale located posteriorly in the spinal 
canal, not infrequently lying away from the midline. These lesions 
can be easily missed if the possibility is not considered in an infant 
presenting with cutaneous risk factors. Larger lesions may be iden-
tified as an echogenic mass in the filum (Fig. 67.20), particularly 
when associated with a low-lying cord.

Tight filum terminale syndrome

This is a complex of neurological and orthopaedic deformities asso-
ciated with a short thick filum and a low position of the conus. A 
thickened filum terminale is one of several dysraphic abnormalities 

2.  Intradural lipomas
These present with neurological symptoms at any age, but pre-
dominantly in the second and third decades. The overlying skin is 
usually normal; the bony canal can also be normal, but commonly 
there is focal enlargement and a localised posterior neural arch 
defect. The lipomas are well encapsulated, often lobulated and 
occur most commonly in the lumbar region. The lesions are usually 
subpial, less commonly partially intramedullary or rarely com-
pletely intramedullary. On ultrasound imaging the appearances  
are typically those of a hyperechogenic intradural juxtame -
dullary mass.2

3.  Fibrolipoma of the filum terminale (filar lipoma)
The increasing use of MRI has led to the realisation that lipomatous 
infiltration of the filum terminale is common, found in 1.5–5% of 

Figure 67.20 Lipoma of the filum terminale. A: Sagittal image 
in the lumbar region demonstrating a thickened, echogenic filum 
terminale (arrowheads), which lies posterior to the cauda equina 
(CE). La, lamina; VB, vertebral body; Fa, epidural fat in the ventral 
sacral spinal canal. B: Axial image in the mid lumbar region. The 
filum terminale is markedly thickened and echogenic (arrowhead). 
La, lamina; T, transverse process; VB, vertebral body. C: Sagittal 
T1-weighted image, demonstrating focal thickening and 
hyperintensity of the filum terminale (arrowhead).
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Diastematomyelia

Diastematomyelia is partial or complete sagittal clefting of the 
spinal cord into two hemicords (not necessarily symmetrical), each 
containing a central canal. Each hemicord is associated with its own 
dorsal and ventral nerve roots. Cutaneous stigmata of the underly-
ing abnormality are present in 50–75% of cases and cord tethering 
in 75%.29 The patient may present with signs and symptoms at any 
age. Females are much more commonly affected than males (9 : 1). 
Orthopaedic problems are present in over 50% of cases. The neuro-
logical symptoms are non-specific.

Type I diastematomyelia (40–50%): a fibro-osseous bony spur is 
interposed between the two hemicords.30 The fibro-osseous spur 
determines that each hemicord lies in its own dural tube. Vertebral 
anomalies, including a range of malsegmentation anomalies, and 
scoliosis are common.31

Type II diastematomyelia (50–60%): both hemicords lie within a 
single dural tube, continuous with the normal thecal sac, with no 
interposed fibro-osseous spur. The most common location is the 
thoracolumbar region (50–75%); however, they may also be seen 
elsewhere including the cervical spine.

Hydromyelia occurs in 50% of cases, more commonly in type I 
diastematomyelia. The spine is nearly always abnormal.

The bony anomalies make ultrasound examination difficult. The 
spinal cord typically terminates at an abnormally low level. At the 
level of the diastematomyelia two hemicords are seen lying side by 
side or less commonly dorsoventral to each other. In type I cases, 
an echogenic bony spur and/or hydromyelia may be identified.  
The hemicords usually combine to reform a single cord.5 Less 
commonly the two hemicords do not rejoin below the cord cleft, 
continuing as separate, thickened fila terminale. The spinal canal is 
enlarged and the vertebral bodies are often widened and abnormal 
in appearance.

In type II the spinal cord may be partially or completely split into 
two hemicords of variable size (Fig. 67.22). A fibrous septum may 
be present in the latter, although this may be very subtle, evading 
detection.

associated with tethering of the spinal cord, resulting in the so-called 
tethered cord syndrome. With growth, neurological symptoms may 
develop due to distortion of neural structures, particularly the cord, 
which may come under increasing tension.

Cord traction and tension may impair cord microcirculation, 
leading to progressive cord ischaemia.25 Whilst debate continues as 
to whether early or even any intervention is indicated to prevent 
irreversible neurological damage,26,27 early detection of cord tether-
ing is justifiable in terms of identifying patients at future risk of 
developing neurological damage.28 Neurological sequelae include 
difficulty in locomotion, bladder dysfunction, orthopaedic prob-
lems and exertional low back pain. Scoliosis is present in 20%19 and 
50% of patients have an associated cutaneous stigma.

Three criteria are used in the ultrasound diagnosis of a tethering 
filum terminale:
1. the conus medullaris cannot be identified and separated from 

an enlarged filum terminale
2. the spinal cord adopts an abnormal position, lying in the 

dorsal thecal sac (Fig. 67.21)
3. normal cord movement is damped or absent.3

The filum is thickened (more than 2 mm at the L5/S1 level) and 
in 30% of cases contains an echogenic fibrolipoma. 

Figure 67.21 Tethered cord. A: Sagittal image in the lumbar spine of a low tethered cord. The cord (arrows) is displaced and held 
posteriorly within the thecal sac (real-time imaging showed no cord movement). Note nerve roots (small arrow) extending anteriorly through 
the CSF within the thecal sac. D, intervertebral disc; L, lumbar vertebra. B: Sagittal image of lower lumbar canal. The cord is held tightly 
posteriorly in the thecal sac, tapering down to the conus medullaris, which is located at the L4/5 level (white arrow). The filum terminale is 
thickened and echogenic (arrowhead). SP, spinous process; L, lumbar vertebral body; S, sacral vertebral body.
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Sonographical features of cord tethering

• Low-lying conus (below L2/3)
• Cord lies posteriorly in spinal canal
• Cord movements damped or absent
• Cord adherent to mass (lipoma, dermoid, subcutaneous mass)
• Cauda equina movements damped or absent
• Filum thickened, echogenic



CHAPTER 67 • The infant spine

1326

intermittent discharge of fluid from a pit or sinus should be sought; 
recurrent episodes of meningitis in early life should act as a red  
flag sign for a dermal sinus located somewhere along the neuraxis 
and calls for careful examination of the skin over the entire spine 
and head.

The cutaneous lesion may be tiny, with a midline or  
occasionally a paramedian ostium that may contain hairs. There  
are frequently other associated cutaneous stigmata but the  
ostium may be difficult to identify and not infrequently evades  
detection.

Dorsal dermal sinuses

Dorsal dermal sinuses are epithelial lined tubes extending inwards 
from the skin surface for varying distances. Approximately 50% 
extend into the spinal canal up to the thecal sac or pierce the dura 
to enter the thecal sac. Dermal sinuses extending into the thecal sac 
may terminate within the spinal canal as an echogenic dermoid cyst 
or may adhere to the spinal cord.

Dermal sinuses occur anywhere from the skull to the coccyx, 
though the majority arise in the lumbosacral region. A history of 

Figure 67.22 Type II diastematomyelia. 
A: Axial images immediately rostral to (left 
image) and at the level of (right image) the 
cord split, which lies within a single dural 
tube. Note the two separate hemicords 
(arrows). L, lamina; VB, vertebral body;  
T, transverse process. B: Sagittal combined 
image with partial overlap. The cord is 
low-lying with the conus at mid L5 
(arrowhead). There is subtle distortion of the 
cord anatomy with loss of clear visualisation 
of the central echo complex, which should 
raise suspicion of a cord clefting defect.  
C: Axial T2 MR image at the L3/4 level. 
There is asymmetric clefting of the cord, 
with a larger left hemicord. Note absence of 
an intervening fibro-osseous septum.
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On ultrasound scanning the sinus track may appear as an echo-
genic tube if the lumen is narrow, or with a hypoechoic centre if 
the lumen is wide enough to resolve (Fig. 67.23). The track extends 
obliquely, initially caudally, to the spinal column, piercing the lum-
bodorsal fascia, and then in a cephalad direction into the spinal 
canal. Intraspinal extension can be difficult to assess, but may be 
inferred by a low-lying spinal cord or an associated echogenic mass 
within the thecal sac or cord, suggesting a dermoid or matted nerve 
roots from arachnoiditis. Full evaluation with MRI is the definitive 
examination.5,19
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Figure 67.23 Dermal sinus and dermoid cyst. A: Photograph of the back of a 2-week-old baby presenting with a discharging sinus in 
the lower lumbar region. A small cutaneous pit is present just off the midline (arrow). B: Sagittal image in the lumbosacral region. There is a 
poorly defined hypoechoic channel (arrowheads) breaching the lumbosacral fascia (LSF), extending deep from the skin surface to the spinal 
canal to blend with a hyperechogenic mass within the spinal canal (arrow). C: Sagittal image in the lower lumbar region. The intraspinal 
mass (arrow) is well defined and echogenic. The spinal cord (arrowheads) is displaced anteriorly and is tethered by the mass. L, lumbar 
vertebral body. D: Sagittal image in the mid-lumbar region. The cord is mildly swollen (arrowhead) and contains a discrete small 
hydrosyringomyelic cavity (arrow).

Caudal regression syndrome (CRS)

This group of disorders involves varying degrees of dysgenesis  
of the sacrococcygeal spine and may occur in association with 
abnormalities of genitourinary, gastrointestinal and pulmonary 
structures; there is a recognised association with maternal diabetes 
mellitus. CRS may be associated with syndrome complexes such  
as VACTERL (vertebral abnormality, anal imperforation, tracheo-
oesophageal fistula, renal abnormalities, limb deformities) and  
Currarino’s triad (see below).19,20
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Syringomyelia may be focal or may extend to involve the full 
length of the cord, and is associated with a range of spinal dys-
raphic abnormalities. On ultrasound the cord may be enlarged and 
the normal single central echo split (see Fig. 67.25), the anterior 
and posterior walls of the central canal being separated by  
anechoic fluid.

Syringomyelia should be clearly differentiated from a dilated 
ventriculus terminalis, which represents incomplete embryonal 
regression of the terminal vesicle. The latter occurs immediately 
cephalad to a normally located conus medullaris, is not associated 
with other dysraphic anomalies and is non-progressive on  
follow-up MRI.

Cutaneous pits, dimples, skin tags,  
clefts and sinuses

The commonest request for spinal ultrasound imaging in the neo-
natal period is for exclusion of dysraphism in a baby found to have 
a cutaneous abnormality of the lower back during a routine post-
natal check. Clinicians are frequently unclear as to which lesions 
warrant imaging and if so what type of imaging is required. Over 
90% of patients with CSD will have some form of cutaneous stig-
mata heralding the underlying abnormality. Cutaneous markers of 
CSD include localised hairy patches or tufts, atypical dimples 
(deep, more than 5 mm above the gluteal cleft), cutaneous pits 
away from the midline, vascular lesions such as haemangioma/
telangiectasia (but not a Mongolian blue spot), a skin tag or  
subcutaneous (fatty) mass. If only one of these cutaneous  
markers is present, the risk of an underlying CSD is less than  
1%.32 Co-occurrence of two or more significantly increases the 
likelihood of an associated CSD.33

The CRS is divided into:
n Type I – severe or total sacral agenesis with an abnormally 

high location of the cord, which may have an abruptly 
truncated or ‘sawn-off’ configuration. In most cases, the last 
spinal segment is L5–S2. Tethering of the cord is generally not 
present.

n Type II – the commonest manifestation of CRS, with a 
variable degree of sacral hypogenesis which is accompanied 
by an elongated and stretched spinal cord, often tethered by a 
thickened filum terminale.19 Less frequently the low-lying 
cord may be tethered by an intradural lipoma, 
lipomymelomeningocele or anterior sacral meningocele.

On ultrasound scanning, the dysgenetic sacrum and absent 
coccyx are readily identified by loss of visualisation of the normal 
five echogenic sacral vertebral segments and hypoechoic coccyx 
(Fig. 67.24A). In a minority of cases, where there is only minimal 
sacral hypogenesis, the conus will be normally located; however, in 
most cases detailed scanning will detect a low-lying conus (Fig. 
67.24B) and thickened filum, particularly when associated with a 
filar lipoma, which is more easily identified by MRI (Fig. 67.24C).

Syringomyelia and hydromyelia

Syringomyelia and hydromyelia are cystic abnormalities of the 
spinal cord. Syringomyelia refers to an abnormal CSF-filled cavity 
within the cord, lying external to the central canal of the cord and 
lined by glial cells. Hydromyelia is characterised by an accumula-
tion of CSF within an enlarged central canal of the spinal cord, lined 
by ependymal cells. Syringomyelia (or syrinx) is the generally used 
term that encompasses both. In reality, clinical findings and imaging 
cannot differentiate between the two.

E F

Figure 67.23 Continued  E: Axial image at level of the discharging cutaneous pit. The dermal sinus track is hypoechoic (arrowheads), 
extending deep into the spinal canal through a wide posterior neural arch defect. The everted posterior neural arch is seen to be widely 
splayed (arrow). F: Sagittal high-resolution T2 image. A dermal sinus (arrowhead) extends caudally into the spinal canal, where it blends 
with a discrete mass (arrow) adherent to the dorsal surface of the tethered cord. The syrinx seen on ultrasound (Fig. 67.23D) can be 
identified as a poorly defined linear hyperintense streak in the spinal cord.
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Figure 67.24 Caudal regression syndrome. A 3-day-old baby with sacral hypogenesis and a low tethered cord. A: Sagittal image in 
the sacral region showing a dysgenetic sacrum, a small fourth sacral segment and absent fifth segment and coccyx. B: Sagittal image in 
the lower lumbar region. The spinal cord is low-lying, the conus (arrow) being at the L3/4 level. D, intervertebral disc. C: Sagittal high-
resolution T2 image. The dysgenetic sacrum is more clearly defined (arrow), as is the low-lying cord and thickened tethering filum terminale 
(arrowheads).
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Figure 67.25 Syringomyelia in a low tethered spinal cord. 
Sagittal image in the upper lumbar region. There is a large 
hydrosyringomyelic cavity (arrows) in the enlarged spinal cord, 
tapering down to the central echo complex (arrowhead).  
VB, vertebral body; D, intervertebral disc; L, lamina; S, spinous 
process.
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In a retrospective study of 223 infants who had undergone spinal 
ultrasound examinations over a 10-year period, 29 had CSD 
lesions.34 In all 86 patients with simple sacral dimples, pits or 
sinuses none had evidence of an underlying dysraphic lesion. In a 
separate study of 207 term babies, 216 cutaneous stigmata were 
detected on clinical examination, of which 180 were dimples; the 
remaining 36 had haemangiomas, hairy patches, subcutaneous 
masses or tails.35 None of the patients with a simple midline dimple 
had a spinal dysraphic abnormality. Of the 36 with other cutaneous 
stigmata, 14 (39%) had a dysraphic lesion. In 20 cases, there was an 
atypical dimple and of these, 8 had an underlying dysraphic lesion. 
In all 8 cases, the clefts occurred more than 2.5 cm from the anus; 
the clefts were large (>5 mm) in 3, and 5 had other cutaneous 
stigmata. The authors concluded that only atypical dimples, those 
more than 2.5 cm from the anus or associated with other cutaneous 
stigmata carry a significant risk of dysraphism.

Diffuse lower lumbar hairiness, a skin pit or dimple located 
within the natal cleft (less than 2.5 cm above the anus) or simple 
deviation of the gluteal fold is almost always innocent. Although 
routine scanning for simple natal cleft pits is unnecessary and 
should be discouraged, demonstration of normality can be reassur-
ing for both parents and clinicians. When there are two or more 
cutaneous markers, detailed ultrasound serves as an excellent 
screening tool. The presence of a skin tag in a low lumbosacral 
location, particularly if accompanied by an anorectal malformation, 
has a significant risk of an associated CSD (Fig. 67.26).
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Figure 67.27 Coccygeal tract. Three-day-old baby presenting 
with a low gluteal cleft cutaneous pit. Sagittal image showing a 
hypoechoic tract (arrowheads) extending from the tip of the coccyx 
to the skin surface, breaching the deep fascia (arrow). S, sacrum; 
C, coccyx; BG, bowel gas.
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Figure 67.26 Skin tag in a newborn baby. Sagittal image 
through the sacrum and coccyx (same case as Fig. 67.21). A small 
skin tag (arrow) overlies the caudal most part of the coccyx (C). 
There is focal distortion of the tip of the coccyx and disruption of 
the normal subcutaneous and deep fascial layers.
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If undertaken in neonates with isolated simple cutaneous pits or 
low risk dimples (<5 mm diameter and <2.5 cm from the anus), 
particularly coccygeal lesions, ultrasound is almost always normal. 
Coccygeal pits are common, occurring in up to 4% of the popula-
tion.32,35 In some cases a hypoechoic track may be identified extend-
ing from a coccygeal pit down to the coccyx (Fig. 67.27). The track 
may breach the deep fascial layer but does not extend into the spinal 
canal. An integral part of the examination must, however, be an 
assessment of the spinal canal to exclude an intraspinal anomaly.

Trauma

Injury to the spinal cord in early infancy usually occurs during 
birth. A less common aetiology is inflicted injury (the so-called 
shaken impact syndrome), where the brainstem and upper spinal 
cord may suffer shear-stress injuries. These infants suffer injuries 
that rarely result in macroscopic, imageable cord, brainstem or soft 
tissue damage, in contrast to birth-related cord damage.

Although recognised for over a century, spinal cord injury is 
often overlooked in stillbirth, perinatal death or severe neurologi-
cal morbidity in the newborn, when the lesion may be ascribed  
to an intracranial catastrophe. Towbin ascribed severe spinal cord 
or brainstem injury as a causal factor in 10% of neonatal deaths  
in the USA.36 Difficult breech extraction is the commonest 
cause,36–39 although there are several reports associated with diffi-
cult cephalic deliveries40,41 and hyperextension of the fetal neck 
in utero.39

There are well-recognised predisposing factors, particularly pre-
maturity, asphyxia, dystocia and intrauterine malposition.39,42,43 A 
unifying mechanism is longitudinal stretching of the cord associ-
ated with hyperextension of the head and/or rotational forces 
related to forceps manipulation.37–40 Liberalisation of the criteria for 
caesarean section has led to a reduction in the incidence of these 
injuries, which are now rare.

Most lesions associated with breech deliveries occur in the lower 
cervical and upper thoracic segments.37–39 Those related to cephalic 
deliveries tend to affect the upper cervical cord (above C4).40,41,44 
Cord laceration or even transection may result from either impac-
tion of neural tissue on adjacent bony structures or vertebral dislo-
cation, although clinically evident skeletal injury is rare. Vascular 
mechanisms have also been implicated, with disruption of the arte-
rial supply to the cord at watershed areas such as the cervicotho-
racic junction.36,45

Ultrasound evaluation of the cervical spine and craniocervical 
junction has been shown to provide good morphological delinea-
tion of this region.46–48 The infant may present with a complete 
neurological deficit at or below the brachial plexus level in the com-
moner lower cervical segment injuries. Those suffering an upper 
cervical or brainstem lesion are more profoundly affected and may 
be ventilator dependent from birth, early death being an almost 
invariable outcome. Ultrasound examination offers the least disrup-
tive form of investigation, enabling a high-definition cotside assess-
ment of the whole neuraxis.

In the acute phase cord injury may be identified as either com-
plete discontinuity, indicative of transection, or focal swelling. At 
birth, cord myelination is immature and the water content is rela-
tively high. As a result, normal cord appears relatively hypoechoic 
and the central echo complex is readily discernible. Loss of visuali-
sation of the normal cord anatomy coupled with abnormal cord 
echogenicity and cord swelling enables ready detection of acute 
cord injury (Fig. 67.28A–C). The abnormal echogenicity most 
probably reflects a combination of oedema and haemorrhagic 
contusion.49

The high water content of the normal spinal cord in the infant 
results in a hyperintense appearance on T2-weighted MR images. 
As acute injury is manifested primarily by oedema, which is identi-
fied by T2 hyperintensity, cord damage may be difficult to detect 
or define fully on MRI in the first few days of life (Fig. 67.28C). If 
the child survives, the cord swelling recedes. Extra-axial haemor-
rhage within the spinal canal and cisterna magna or in the extraspi-
nal soft tissues may also be seen with acute injuries. CT may fail to 
detect the acute cord injury but may identify the extra-axial haem-
orrhage, particularly subdural haematoma that frequently accom-
panies such injuries. T1-weighted MRI generally provides optimal 
demonstration of subacute extra-axial haemorrhage, particularly 
subdural haematoma, in this region (Fig. 67.28D); however, it is 
difficult to perform on a vulnerable infant and specialised MRI 
compatible equipment is required.

Sonographical features of cervical cord injury

• Focal or diffuse cord expansion
• Focal or diffuse hyperechogenicity
• Loss of visualisation of central echo complex
• Echogenic extra-axial collections (subdural haematoma)
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Figure 67.28 Cervical cord trauma. A: Sagittal image in a 2-day-old baby with absent limb movements and respiratory distress 
following a difficult forceps delivery. There is focal cord echogenic abnormality at the C1/2 level (arrow), extending up towards the medulla 
(M). Extra-axial echogenic haemorrhage is present dorsal and ventral to the cord (black arrows), probably in the subdural space. The 
normal cord hypoechogenicity and central echo complex is lost in the affected segment of the cord but is revisualised at C4. P, pons;  
CM, cisterna magna. B: Axial image at the C1/2 level. The mildly swollen cord is diffusely echogenic (arrow) with loss of visualisation of the 
central echo complex. M, paraspinal muscles; VB, vertebral body; arrowhead, extra-axial, probable subdural, haematoma. C: Sagittal T2 
MR image at 4 days of life. There is a poorly defined hyperintense (bright) area of abnormality at the C2 level (arrow), extending rostrally 
into the medulla (M). P, pons. D: Sagittal T1 image. There is subtle hyperintensity at the C2 level (arrowhead), indicative of blood products 
(extracellular methaemoglobin). There is hyperintense (bright) subdural haematoma in the posterior fossa over the cerebellar hemispheres, 
dorsal to the clivus and in the spinal canal (arrows).
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column anomalies, which does not necessarily reflect a vascular 
malformation (Fig. 67.29). CDI may be helpful in demonstrating or 
confirming a vascular nature of a discoloured subcutaneous mass, 
and also for excluding any deep extension into the spinal canal  
(Fig. 67.30).

Tumours

Compared to adults, childhood tumours involving the spinal canal 
and its contents are relatively infrequent, accounting for only a 
small percentage of spinal tumours in the first decade of life.50–52 
The presentation is often misleading, the signs and symptoms being 
frequently non-neurological. Motor weakness and, to a lesser 
extent, spinal deformity may be the only objective indicators. Spinal 
tumours have traditionally been compartmentalised into extradural 
and intradural lesions. Sacrococcygeal tumours are considered 
separately.

Determination of which spinal compartment a lesion lies in 
depends upon identification of the dural sac wall. An extradural 
location of a lesion can be ascertained by demonstrating displace-
ment of the dura from the margins of the spinal canal on either side 

High quality ultrasound seems to be at least as accurate as MRI 
in the investigation of suspected acute spinal cord damage in the 
neonate.46 A combined approach is, however, recommended. In 
cases where the spinal cord appears entirely normal, cranial ultra-
sound should be performed to exclude an intracerebral cause for 
any neurological deficit. Where spinal ultrasound is abnormal or 
equivocal, MRI should be obtained to confirm the ultrasound find-
ings. Confirmation of the presence of a spinal injury is important, 
both to guide the infant’s future management and, increasingly, for 
medicolegal documentation. 

Vascular anomalies

Vascular anomalies do not tend to present during infancy. Colour 
Doppler imaging permits localisation of normal vascular structures 
and offers the opportunity for haemodynamic assessment of the 
intraspinal contents in the normal and diseased states. Experience 
in this area is as yet limited. Prominence of the normal vertebral 
venous plexus is a normal finding in infancy. Expansion of the 
vertebral venous plexus may also be seen in association with an 
enlarged spinal canal that may occur with complex vertebral 

Figure 67.29 Spinal column deformity. A: Axial colour Doppler image at the apex of a complex mid-thoracic scoliotic deformity in a 
2-day-old infant. Prenatal imaging showed an expanded spinal canal associated with vertebral body and neural arch defects but a normal 
spinal cord. The thecal sac and spinal cord (arrowheads) are displaced to the right side of the spinal canal with epidural fat and prominent 
veins (arrow) filling the left side of the canal. L, lamina; T, transverse process; R, rib; VB, dysplastic wide vertebral body. B: Parasagittal 
colour Doppler image demonstrating the enlarged vertebral venous plexus (arrows). C: Sagittal 3D T2 volume image, reconstructed to 
compensate for the scoliosis, demonstrating a normal spinal cord. Note irregular signal voids in the enlarged epidural fat (arrows).
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Figure 67.30 Subcutaneous vascular malformation. A: Sagittal image over a low lumbar subcutaneous mass (arrows), which is 
hypoechoic, containing central linear echoes, overlying the lumbodorsal fascia (arrowheads) and underlying echogenic posterior neural 
arches. B: Axial image at same level employing colour Doppler imaging. Prominent vessels are readily detected within the lesion (arrows), 
indicating its vascular nature (pulsed Doppler image, not shown, showed venous waveform). Conservative management has been elected 
for, the lesion being assumed to represent a venous phase low-flow vascular malformation.

A B

Figure 67.31 Localisation of intraspinal compartments. Axial 
ultrasound image in a 3-month-old infant. A large extradural mass 
(M) lies dorsal to the thecal sac, which is compressed anteriorly but 
clearly identified by its highly reflective margins (arrows). Note the 
calcifications within the tumour (curved arrow). Arrowheads indicate 
lamina.

of the mass (Fig. 67.31). With intradural lesions the dura remains in 
a normal position, closely apposed to the bony spinal canal margins. 
Intramedullary masses appear as discrete or more diffuse heteroge-
neous hyperechogenicity intrinsic to an expanded spinal cord, 
readily distinguishable from the uniformly hypoechoic normal 
cord. A severely enlarged cord is associated with widening of the 
spinal canal. Intratumoral cysts appear as transonic cavities within 
echogenic tumour matrix. In contrast, extramedullary tumours 
compress the cord and displace it away from the mass; the normal 
ring-like integrity of the thecal sac wall is, however, maintained.

Extradural tumours
The most important extradural tumour encountered in infancy is 
the neuroblastoma, with a higher incidence in females (2 : 1).53 
Derived from neural crest cells, these tumours are endocrinologi-
cally active, producing catecholamines that can be measured in the 
urine. They arise most frequently in the adrenal medulla but may 

occur at the site of any sympathetic nervous tissue, particularly in 
the paravertebral abdominal region.

Intradural tumours
Compared to brain tumours, spinal cord tumours are much less 
common in children. Astrocytomas (60%) and ependymomas (30%) 
form the large majority of intramedullary lesions,54,55 with an upper 
spinal predominance. The presentation in infants may be primarily 
with weakness, especially of the upper limbs, rigidity or severe 
pain. Expansion of the spinal canal is often present on ultrasound, 
astrocytomas showing mixed or reduced echogenicity. Peritumoral 
cysts are present in 20–40% of cases.55 MRI is the imaging modality 
of choice for the investigation of intraspinal lesions in childhood,56 
and is the examination of choice in the infant, particularly after the 
first few weeks of life.

Extramedullary tumours such as meningiomas, schwannomas 
and neurofibromas are rare in early childhood. However, CSF 
seeding of intracranial tumours is more common than in adults and 
so is particularly important in childhood. Posterior fossa medul-
loblastomas are the most common source, particularly the well-
differentiated histological types; however, ependymomas, germ cell 
tumours, low-grade (pilocytic) astrocytomas and glioblastoma mul-
tiforme all share an increased propensity for spinal CSF- 
borne spread.57 Detection of metastatic spread is the preserve of 
T1-weighted contrast-enhanced MRI,58 leaving little role for 
ultrasound.

Sacrococcygeal tumours
These rare congenital tumours are derived from pluripotential cells 
from the trilaminar germinal disc. Presentation is with a large skin-
covered sacral soft tissue mass. There is an increased incidence of 
other malformations associated with caudal cell mass aberrations, 
such as anomalies of the anorectum, genitourinary tract and sacral 
vertebrae.59

Sacrococcygeal teratomas occur most frequently in females (3 : 1) 
and are benign in 80% of cases. In descending order of frequency 
they occur as purely dorsal sacral lesions; combined external and 
presacral masses; entirely presacral; primarily intra-abdominal; or 
pelvic and intraspinal.60 Ultrasound reveals a heterogeneous mass 
which may contain intratumoral calcifications (Fig. 67.32). Spinal 
canal expansion or sacral erosion may be seen. The tumour may 
displace or surround the caudal spinal roots.



CHAPTER 67 • The infant spine

1334

Figure 67.32 Sacrococcygeal teratoma. Axial ultrasound image in a 27-month-old female presenting with a large, tense mass below 
the natal cleft. A myelogram performed at 3 months of age for a deep natal cleft pit was normal. The tumour (M) is of heterogeneously 
increased reflectivity. The lesion appears well encapsulated (arrows), as found at surgery. Subcutaneous fat (F) surrounds the mass. A 
deep extension (arrowhead) consisted mainly of tumour cyst.

Currarino’s triad
Currarino’s triad is a rare hereditary condition characterised by 
complex caudal anomalies consisting of (1) an anorectal malforma-
tion, (2) sacral bony defect and (3) a presacral mass.61,62 The underly-
ing defect probably reflects abnormal endo-ectodermal adhesions 
and/or notochordal defects in early gestational life, resulting in 
development of a fistula between the gut and spinal canal. Enteric 
elements will be associated with the ventral end of the defect and 
neural elements at the dorsal end. The more commonly associated 

presacral masses include ventral meningocele, benign teratoma, 
dermoid cyst and lipoma. Duplication cysts of the vagina, uterus 
and urinary tract may be occasional findings. Ultrasound in the first 
few days of life may identify the presacral anechoic meningocele or 
a more complex echogenic mass associated with an anterior defect 
of the body of the sacrum (Fig. 67.33). Once identified, MRI is 
required for more complete evaluation and as a baseline for future 
imaging, which is frequently required for the surgical management 
of these difficult cases.
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Figure 67.33 Currarino’s triad. A: Sagittal image in a 2-week-old baby, showing a septated anterior meningocele (short white arrow) 
immediately posterior to the distended echogenic rectum (long white arrow). B. Axial image at the caudal sacrum. The posterior neural 
arch is absent (black arrow). Underlying the defect the meningocele is seen (short white arrow), containing the thickened filum terminale 
(arrowhead) and internal septa. Deep to the meningocele lies the echogenic rectum (long white arrow). C: Sagittal high-resolution T2 (i) and 
sagittal T1 (ii) MR images showing the anterior sacral meningocele (arrow). There is a thickened tethering filum terminale. The sacrum is 
dysgenetic with only four segments. The rectum (R) is grossly distended.
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INTRODUCTION

Ultrasonography (US) is a widely used and valuable imaging 
modality, particularly in paediatric patients, due to its widespread 
availability, relative ease of performance, and absence of sedation 
or harmful ionising radiation exposure. In addition, the real-time 
nature of the examination, which allows evaluation of moving 
structures (e.g. the diaphragm) in different planes, and the ability 
to perform the examination using portable equipment are unique 
in comparison to other commonly used imaging modalities, includ-
ing plain radiography, computed tomography (CT) and magnetic 
resonance imaging (MRI). Although conventional chest radiogra-
phy remains the initial imaging study for evaluating chest diseases 
in children, US as a secondary test may provide clinically relevant 
information in selected situations.

This chapter addresses the sonographic technique for evaluating 
non-vascular chest disease processes, discusses normal anatomy, 
and reviews clinical and sonographic features of selected common 
pulmonary, pleural, mediastinal, diaphragmatic and chest wall 
lesions in infants and children.

TECHNIQUE

Prior to the US, the conventional chest radiograph should be 
reviewed in order to localise the area of interest so that the clinical 
question can be optimally answered. If there are available cross-
sectional imaging studies, such as CT or MRI, they should be care-
fully reviewed since they often provide useful information to 
further define the area of interest to be interrogated.

Ultrasound transducers

The choice of ultrasound transducer depends on the age and size 
of the patient and the location of the abnormality with a goal of 
obtaining an optimal acoustic ‘window’ to transmit sound and gen-
erate diagnostic quality sonographic images.1–6 While curved or 
linear array transducers are commonly used for evaluation of pul-
monary, pleural, mediastinal, diaphragmatic and chest wall abnor-
malities, sector or vector transducers, which are smaller in size than 
the curved or linear array transducers, are often preferred when 
there is a need for imaging via a small acoustic window (e.g. 
between the ribs). Higher-frequency, 7.5–15.0 MHz, transducers, 
which provide higher-resolution images but have a lower ability 
for soft tissue penetration, are suitable for evaluating the chest in 
infants and young children with smaller amounts of subcutaneous 
fat.1–6 In contrast, lower-frequency transducers (<5 MHz), which 
provide better soft tissue penetration but with lower image resolu-
tion, are required for older children or adolescents with relatively 
large amounts of subcutaneous fat.1–6 Colour Doppler sonography 
is useful for evaluating vascular structures and blood flow patterns, 
especially in cases of pulmonary sequestration (i.e. for detecting 
anomalous vessels) and masses (for evaluating underlying vascu-
larity). Linear high-frequency transducer and tissue-equivalent 
stand-off materials can improve the evaluation of superficial chest 
wall lesions.

Patient positioning and imaging approach

Proper patient positioning can increase patient comfort and opti-
mise the acoustic window.1–6 Most ultrasound evaluation of the 
chest is performed with the patient in the supine or upright posi-
tion. Placing a pillow or blanket on the dependent side of the 
patient for the lateral decubitus view or behind the shoulder to help 
extend the neck for the supraclavicular or suprasternal notch view 
can increase patient comfort and facilitate the examination.

There are several different sonographic imaging approaches, 
depending on the location of the abnormality, including: (1) 

Edward Y. Lee and Marilyn J. Siegel



CHAPTER 68 • Paediatric chest

1338

The thymus is located anterior to the great vessels, extending crani-
ally to the horizontal portion of the left brachiocephalic vein and 
caudally to the origin of great vessels, and is usually confined to 
the anterior mediastinum.5 Inferior extension almost to the level of 
the diaphragm can be occasionally seen. Due to its relatively large 
size in comparison to the rest of the thorax and its location within 
the anterior mediastinum, ultrasound with suprasternal, trans-
sternal or parasternal approaches can be easily used for thymic 
evaluation in neonates and infants with non-ossified sternums. In 
a prospective evaluation of the thymus in 140 infants and children 
(newborn to 8 years old), Liang and Huang reported that normal 
thymus was easily and clearly visualised with ultrasound in the 
majority (95%) of cases.10

To avoid errors in diagnosis, understanding the characteristic 
sonographic appearance of the thymus is paramount. In neonates 
and infants, the thymus is quadrilateral shaped; in contrast in older 
children it typically has a triangular shape. Characteristic sono-
graphic findings include: (1) homogeneous echotexture; (2) mild 
hypoechogenicity relative to adjacent thyroid gland or liver; (3) 
smooth and well-marginated borders due to a fibrous outer capsule; 
(4) change in shape with respiration and cardiac pulsation; (5) no 
associated mass effect on adjacent mediastinal structures (e.g. 
trachea and great vessels) (Fig. 68.2).1–6,11

Lung and pleura

The normal pleural surface is characterised by a hyperechoic line 
beneath the chest wall and ribs (Fig. 68.3).5 The aerated lung, which 
is a barrier to sound, lies underneath the echogenic pleural surface. 
The acoustic interface between the chest wall and normal aerated 
lung produces characteristic echogenic reverberations behind the 
visceral pleura and mirror image artefacts.1–6,12 The mirror image 
artefacts are created by sound wave reflection, which occurs when 
the ultrasound beam encounters the lung surface. This results in a 
dual or mirror image with the liver or spleen projecting above the 
diaphragm mimicking parenchymal consolidation.1–6,12 During res-
piration, a characteristic to-and-fro movement of the aerated normal 
lung along the adjacent parietal pleural surface is typical, a finding 
referred to as the ‘gliding sign’.2

supraclavicular; (2) suprasternal; (3) parasternal; (4) trans-sternal; 
(5) intercostal; (6) subxiphoid; (7) subdiaphragmatic; and (8) poste-
rior paraspinal approaches (Fig. 68.1).1–6 Supraclavicular and 
suprasternal approaches, obtained with the transducer placed 
above the clavicle or sternum, respectively, are helpful for evaluat-
ing the superior and anterior mediastinum, lung apices and great 
vessels. The parasternal approach, acquired by placing the trans-
ducer parallel to the sternum, and the trans-sternal approach, 
acquired by positioning the transducer directly over the sternum, 
can be useful for evaluating anterior mediastinal structures such as 
the thymus in infants who have unossified sternums that allow 
transmission of the ultrasound beam. The intercostal approach, 
obtained by placing the transducer between the ribs, provides the 
best acoustic window for evaluating the pleural space and periph-
eral lung parenchyma. The subxiphoid and subdiaphragmatic 
approaches, acquired by placing the transducer beneath the xiphoid 
and diaphragm, respectively, are helpful in imaging juxtaphrenic 
lesions. The posterior paraspinal approach, obtained by locating the 
transducer parallel to the spine with the patient in an upright or 
lateral decubitus position, is used for evaluating paravertebral 
lesions. For the evaluation of moving structures such as the dia-
phragm, sagittal scanning using the liver on the right and the spleen 
on the left as acoustic windows is helpful.5 Comparison of the dia-
phragmatic motion of the hemidiaphragms can be best achieved via 
a subxiphoid approach in the transverse plane with the transducer 
angled cephalad toward the posterior leaflets of the hemidia-
phragms and the patient breathing quietly. In neonates the two 
sides can often be very well compared using a direct coronal sub-
costal approach.

NORMAL ANATOMY

Thymus

The thymus produces hormones which stimulate maturation of T 
cells, playing an important role in the immune system in humans.7–9 

Figure 68.1 Locations of acoustic windows for chest 
ultrasound examinations. (1) supraclavicular; (2) suprasternal; 
(3) parasternal; (4) trans-sternal; (5) intercostal; (6) subxiphoid;  
(7) subdiaphragmatic; and (8) posterior paraspinal approaches.
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Figure 68.2 Normal thymus. Transverse view of the normal 
thymus at the horizontal portion of the left brachiocephalic vein in a 
9-week-old boy. The thymus (T) is relatively homogeneous in 
echogenicity with smooth and well-marginated outer borders. It is 
located anterior to the superior vena cava (SVC), aorta (A) and the 
horizontal portion of the left brachiocephalic vein (BCV).
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With real-time imaging capability, diaphragmatic motion during 
a respiratory cycle can be reliably assessed.14–19 The transverse plane 
provides simultaneous identification of both hemidiaphragms and 
is useful for identification of diaphragmatic motion abnormality 
(i.e. paralysis or paresis).5,14–20 The longitudinal plane allows visuali-
sation of the relationship between the diaphragm and intrathoracic 
structures (e.g. lungs and heart), and intra-abdominal structures 
(e.g. liver and spleen) and is helpful for assessing structural integ-
rity and diaphragmatic hernias.5,14–20 The excursion of the middle 
and posterior thirds of the diaphragm is greater than that of the 
anterior third. In the longitudinal plane, the mean excursion (and 
standard deviation) for anterior, middle and posterior thirds of the 
diaphragm are 2.6 ± 0.1, 3.6 ± 0.2 and 4.5 ± 0.2 mm, respectively.20

CLINICAL INDICATIONS

The common clinical indications for ultrasonography of the chest 
in infants and children include: (1) confirming normal or ectopic 
thymus; (2) characterising peripheral opacity (i.e. parenchymal 
versus pleural disease) detected on plain chest radiography; (3) 
characterising a mediastinal lesion; (4) assessing diaphragmatic 
motion and anatomical abnormalities; (5) diagnosing palpable chest 
wall lesions; and (6) localising pleural fluid for thoracentesis or a 
mass for biopsy. 

THYMUS

During its caudal migration in utero, descent of the thymus can be 
arrested resulting in an ectopic location, most commonly within the 
lower neck, suprasternal region or posterior mediastinum.21–26 In 
this situation, ultrasound can confirm a direct connection between 
the ectopically positioned and normally positioned thymic tissue 
within the anterior mediastinum, thereby excluding a pathological 
mass and obviating further imaging studies such as CT or MRI. In 
older children or adolescents who do not have adequate acoustic 
windows for evaluation of thymus due to an ossified sternum, CT 
or MRI demonstrates thymic pathology better than ultrasound.27–29 
The ultrasound diagnosis of ectopic thymic tissue is based on a 
direct continuity with the anterior mediastinal thymic tissue along 
with an echogenicity similar to that of normal thymic tissue and the 
absence of mass effect on the adjacent mediastinal vessels and the 
tracheobronchial tree (Fig. 68.5). Ultrasound also can be used to 
confirm the presence of a normal thymus in infants with a sus-
pected mass or consolidation on plain chest radiographs (Fig. 68.6).

PULMONARY PARENCHYMA

Atelectasis and consolidation

The evaluation of normally aerated lungs with ultrasound is 
limited. However, atelectatic and consolidated lungs can transmit 

Figure 68.3 Normal pleura and lung. Transverse view of the 
normal pleural surface (arrows) and the aerated lung imaged with a 
high-frequency ultrasound probe (15 MHz) in a 4-week-old girl. 
Echogenic reverberations (arrowheads) are seen within the aerated 
lung. CC, costochondral cartilages of the ribs.

Figure 68.4 Normal diaphragm. Transverse view of the right 
hemidiaphragm (arrows) in a 10-year-old boy imaged with a 
subxiphoid approach using the liver (L) as an acoustic window. The 
normal diaphragm (arrows) appears as a smooth but echogenic 
band.

Common clinical indications for chest sonography in infants and 
children

• Confirming normal or ectopic thymus.
• Characterising peripheral opacity (i.e. parenchymal versus pleural 

disease) detected on plain chest radiography.
• Characterising a mediastinal lesion.
• Assessing diaphragmatic motion and anatomical abnormalities.
• Diagnosing palpable chest wall lesion.
• Localising pleural fluid for thoracentesis or a mass for biopsy.

Diaphragm

The diaphragm is a dome-shaped musculofibrous structure com-
posed of a central tendon and peripheral muscle leaflets which 
separate the thoracic from the abdominal cavity.5,13 It is primarily 
innervated by the phrenic nerve and performs a crucial function in 
respiration. The diaphragm can be best imaged with a subxiphoid 
approach using the liver on the right and spleen or left lobe of the 
liver on the left as an acoustic window.1,5 Evaluation of the right 
hemidiaphragm is usually easier than the left hemidiaphragm, 
because of impedance of the ultrasound beam on the left by gas 
within the stomach or splenic flexure of the colon. Distending the 
stomach by administering fluid orally or via a nasogastric tube can 
improve visualisation of the left hemidiaphragm.5

The normal diaphragm appears as a relatively smooth but slightly 
undulating echogenic band (Fig. 68.4).5 The crural parts of the dia-
phragm are tendinous portions, which extend to the anterolateral 
surfaces of the upper lumbar vertebral bodies and also to the medial 
and lateral arcuate ligaments, which cover the anterior surfaces of 
the psoas and quadratus lumborum muscles.5 The crural parts of 
the diaphragm appear as relatively hypoechoic, linear structures 
near the midline.5
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Figure 68.6 Normal thymus. A: A frontal view of a 5-month-old boy with coughing and fever shows a large opacity in the right upper 
lung zone, possibly representing consolidation. B: Transverse view of superior mediastinum at the level of aortic arch (AA) demonstrates a 
large but normal thymus (callipers) characterised by homogeneous echotexture with smooth and well-marginated borders.

A B

Figure 68.5 Ectopic thymus, superior neck extension. 
Longitudinal scan to the left of midline shows normally echogenic 
thymus (T) extending into the lower neck anterior to the cervical 
spine (S).

sound and be visible by ultrasound, although differentiation 
between the two conditions is usually not possible. In practice, 
definite differentiation between atelectasis and consolidation is 
better achieved with chest radiography or CT. 

On ultrasound, consolidated or atelectatic lung is usually poorly-
defined and hypoechoic compared with highly reflective normal 
lung and adjacent liver and spleen.5,30–32 Air-filled bronchi within 

consolidated lung produce multiple bright punctate and branching 
linear structures extending from the centre of the consolidated or 
collapsed lung to the periphery (Fig. 68.7). This appearance is 
termed the ‘sonographic air bronchogram’, which is equivalent to 
the air bronchogram seen on chest radiographs.1–6 When aerated 
bronchi are replaced with fluid or mucoid material, branching ane-
choic or hypoechoic tubular structures are seen on ultrasound, 
termed the ‘sonographic fluid bronchogram’ (Fig. 68.8).5,6 Branching 
pulmonary vessels in a radiating pattern can be seen on colour 
Doppler ultrasound (Fig. 68.9).6 Normal pulmonary vessels cannot 
be seen in aerated lung by ultrasound. Occasionally, consolidated 
or atelectatic lung has a predominantly homogeneous echogenic 
appearance with few bronchi visible mimicking liver, referred to as 
‘hepatisation’ of the lung (Fig. 68.10).1,6

Lung necrosis and abscess

Lung necrosis (i.e. necrotising pneumonia) and lung abscess are 
complications of severe parenchymal infection.33–38 Necrotising 
pneumonia occurs when infected lung compresses and occludes 
alveolar capillaries, resulting in decreased vascular supply to the 
lung parenchyma.36,37 On ultrasound the affected lung is heteroge-
neous, containing poorly marginated cystic areas representing 
necrosis and solid areas related to consolidation (Fig. 68.11). 
Decreased or absent blood flow can also be seen on colour Doppler 
ultrasound.

Lung abscess refers to suppuration of lung tissue and formation 
of cavities containing necrotic debris or gas surrounded by a well-
formed inflammatory capsule.5,33–35 Although lung abscess typically 
develops from primary lung infection, recurrent infection in the 
same area should raise a high suspicion for underlying abnormali-
ties such as a foreign body, pulmonary sequestration, lung cyst and 
pneumatocele. Lung abscess typically presents as a round or ovoid 
hypoechoic mass with thick and irregular hyperechoic walls (Fig. 
68.12). Hyperechoic areas with posterior acoustic shadowing may 
be observed if the abscess cavity contains gas (Fig. 68.13). In patients 
with lung abscess, ultrasound can also be used to guide percutane-
ous needle aspiration and drainage tube placement.1,5,6
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Figure 68.7 Parenchymal consolidation. US was performed to 
evaluate for pleural effusion. Transverse view of a consolidated right 
lower lobe in a 9-year-old boy with Streptococcus pneumonia 
demonstrates multiple bright punctuate and branching linear 
structures (arrows) representing air within the bronchi (’sonographic 
air bronchogram’ sign). A small amount of pleural effusion (E) is  
also noted.

Figure 68.8 Parenchymal consolidation. Longitudinal view of the 
right lower hemithorax in a 4-year-old boy with Streptococcus 
pneumonia shows hypoechoic tubular structures (arrows), 
representing dilated bronchi with purulent material (‘sonographic 
fluid bronchogram’ sign). E, pleural effusion.

Figure 68.9 Parenchymal consolidation. US was performed to 
evaluate for pleural effusion. Longitudinal colour Doppler scan of the 
right lower hemithorax in an 8-year-old girl with Staphylococcus 
pneumonia demonstrates branching pulmonary vessels (arrows) 
within the consolidated lung (L). LIV, liver.

Congenital parenchymal masses

CT and MRI are the most commonly used imaging modalities for 
confirming or further evaluating a known or suspected lesion seen 
on prenatal imaging studies or postnatal chest radiography.39–41 

Figure 68.10 Hepatisation of the lung. Transverse view of the 
right lower hemithorax in a 10-year-old boy with Streptococcus 
pneumonia. The echogenicity of the consolidated right lower lobe 
(L) is similar to that of liver (LIVER) (i.e. ‘hepatisation’).

With the exception of pulmonary sequestration, ultrasound usually 
has a limited role in evaluating congenital lung masses. However, 
occasionally, congenital lesions, particularly congenital cystic ade-
nomatoid malformation (CCAM) and congenital lobar emphysema, 
can show increased pulmonary opacity on chest radiographs 
obtained soon after birth, secondary to impaired drainage of fetal 
lung fluid. Ultrasound can show the fluid-filled nature of these 
lesions and aid in diagnosis.
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neonate when it is infradiaphragmatic in location or as a lung mass 
on chest radiographs.39,40,42,43

When plain chest radiography demonstrates a persistent infil-
trate or mass, ultrasound with pulsed or colour flow Doppler 
imaging is a valuable study for identifying the aberrant blood 
supply associated with sequestration, especially in the neonate 
when the lesion is adjacent to the diaphragm or liver. On ultra-
sound, bronchopulmonary sequestration appears as an echogenic 
mass at a lung base. Cystic changes may be seen in intralobar 
sequestration due to superimposed infection (Fig. 68.14) or if there 
is an associated cystic adenomatoid malformation.44 Extralobar 
sequestrations rarely are infected and usually present as a homoge-
neous echogenic mass in the posteromedial thorax next to the dia-
phragm (Fig. 68.15). Cystic areas also may be noted if there is 
an associated cystic adenomatoid malformation. Colour Doppler 
imaging can confirm the number and origin of the anomalous  
arteries associated with the sequestration (Fig. 68.16).1–6,45 In 
older patients, CT or MR imaging is superior to sonography for 

Bronchopulmonary sequestration is a non-functioning mal-
formed mass of lung tissue which is associated with anomalous 
systemic arterial blood supply and has no communication with  
the tracheobronchial tree.5,39,40 Traditionally, bronchopulmonary 
sequestration has been classified into two types: intralobar and 
extralobar.39,40 Intralobar sequestration is contained within the lung 
parenchyma and is enclosed by normal visceral pleura. It is associ-
ated with anomalous arterial supply from the descending thoracic 
aorta and usually has anomalous venous drainage into the inferior 
pulmonary vein. Extralobar sequestration lies outside the normal 
lung parenchyma and is enclosed in its own pleural investment. 
The arterial supply is from the thoracic or abdominal aorta and 
venous drainage is typically into the systemic circulations, such as 
the azygos vein, right atrium or portal vein.39,40 Most patients with 
intralobar sequestrations present in childhood or later in life with 
signs of chronic or recurrent segmental or subsegmental pneumo-
nitis, especially at a lung base. Extralobar sequestration is usually 
asymptomatic and can either present as an abdominal mass in a 

Figure 68.11 Necrotising pneumonia A: Longitudinal view of the right lower hemithorax in a 4-year-old boy demonstrates 
heterogeneous lung parenchyma with cystic areas surrounded by areas of consolidated lung (L). B: Axial CT scan shows low attenuation 
foci (arrows) representing areas of necrosis and decreased contrast enhancement in the consolidated right lung.
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Figure 68.12 Lung abscess. Transverse view of the left lower 
lobe in a 7-year-old girl shows an oval-shaped hypoechoic mass 
with surrounding thick and irregular walls (arrows).

Figure 68.13 Lung abscess. Transverse view of the right lower 
lung in a 16-year-old boy shows a hypoechoic mass containing a 
hyperechoic focus, representing gas (arrowhead). The abscess is 
surrounded by thick and irregular walls (arrows).
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cysts.5,39,40 Ultrasound is useful in neonates when the lesion appears 
opaque on X-ray (secondary to retained fluid), thus, mimicking an 
intrathoracic mass or pleural effusion. On ultrasound, CCAM dem-
onstrates variable sized cysts and echogenic septations (Figs 68.17 
and 68.18).5,46,47 Acoustic shadowing occurs when the cysts contain 
air. The lesion is relatively avascular on pulsed or colour flow 
Doppler ultrasound.

Congenital lobar emphysema is a condition characterised by 
hyperinflation of a lobe without destruction of alveolar septa.5,40 
Plain radiographs are diagnostic if the obstructed lobe is air-filled, 

demonstrating the sequestered lung and the arterial and venous 
connections, because of the absence of a good acoustic window.

CCAM is a congenital lung mass composed of disorganised  
adenomatoid and hamartomatous bronchioles that has a normal 
communication with the underlying bronchial tree and normal vas-
cular supply and drainage.5,39,40,46 Pathologically, three major types 
are recognised: type I (accounting for 50% of cases) contains at least 
one dominant cyst >2 cm in diameter; type II (40% of cases) contains 
multiple small cysts <2 cm in diameter; and type III (10% of cases) 
appears solid on visual inspection, but contains microscopic 

Figure 68.14 Intralobar sequestration. Longitudinal view of the 
right lower hemithorax in a 3-year-old boy with recurrent right lower 
lobe pneumonia shows a complex echogenic mass (arrows) with 
multiple varying sized cysts. CT (not shown) revealed anomalous 
arterial supply from the descending aorta and anomalous venous 
drainage into the right inferior pulmonary vein. LIV, liver.

Figure 68.15 Extralobar sequestration. Transverse view of the 
left lower hemithorax in a 2-week-old girl with a prenatal ultrasound 
diagnosis of left thoracic mass shows a relatively homogeneous 
echogenic mass (M). LIV, liver; A, aorta.

Figure 68.16 Extralobar sequestration. A: Longitudinal view through the right lung base and upper abdomen in a newborn infant boy 
with a history of prenatal diagnosis of lower thoracic and upper abdominal mass shows a homogeneously echogenic sequestration (S) 
below the diaphragm and posterior to the liver (LIV). B: Colour Doppler longitudinal view of demonstrates two anomalous feeding arteries 
– one from the descending aorta (curved arrow) and the other from the coeliac axis (straight arrow) feeding the sequestration (S).  
A, descending aorta; CA, coeliac axis.

A B
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Pulmonary neoplasm

Most lung neoplasms in children are metastases rather than primary 
neoplasms.39,48 These are routinely identified on chest radiography 
or CT. However, they may be detected incidentally by US in patients 
who have examinations for pleural effusion. Primary and meta-
static lung tumours appear as homogeneous or heterogeneous 
echogenic masses. Colour Doppler ultrasound demonstrates inter-
nal blood flow (Fig. 68.19).

PLEURA

Pleural effusions

Conventional radiographs usually suffice to distinguish between 
atelectasis and consolidation versus pleural fluid, but ultrasound 
can be useful when the diagnosis is equivocal. In evaluation of a 
small amount of pleural effusion, ultrasound is more sensitive than 
supine or decubitus radiographs.49 Pleural effusions can be serous 
(transudate), purulent (exudate), haemorrhagic or chylous.50 Serous 
effusion is low in protein and results from congestive heart failure, 
renal failure, cirrhosis, hypoalbuminaemia and overhydration. 
Purulent (exudate) effusion is high in protein and lactate dehydro-
genase and is almost always a complication of bacterial infection. 
Haemorrhagic effusion (‘haemothorax’) contains a high haemat-
ocrit level and usually follows blunt or penetrating chest trauma, 
but it may be secondary to a bleeding diathesis. Chylous effusion 
(chylothorax) contains intestinal lymph (i.e. chyle) composed  
of high protein and fatty acid and typically is a complication of 
thoracic duct rupture or obstruction by primary or metastatic  
neoplasm, but it can be idiopathic.50 Left-sided chylous effusion 
occurs when there is an injury of the upper thoracic duct while right 
sided chylous effusion is typically associated with injury of the 
distal duct. 

A simple pleural effusion appears as anechoic fluid collection 
(Fig. 68.20). A complex pleural effusion contains multiple internal 
echoes, septations, loculations, and is surrounded by thickened 
echogenic pleura (Figs 68.21, 68.22 and 68.23). Serous or chylous 
effusions tend to be simple effusions and anechoic, while purulent 
and haemorrhagic effusions are more likely to be complex (Figs 
68.24 and 68.25). However, sonographic imaging findings are not 
specific and anechoic effusions can represent exudative processes. 
A definite diagnosis requires pleural fluid analysis. With moderate 
or large pleural effusions, compressive atelectasis occurs in the 
adjacent lung. The collapsed lobe is displaced anteriorly and toward 
the hilum.

but immediately after birth fetal lung fluid may be trapped in the 
affected lobe, resulting in an opaque hemithorax on X-ray.40 In 
this circumstance, sonography can help suggest the diagnosis of 
an emphysematous lobe. Congenital lobar emphysema appears as 
a homogeneous, hypoechoic lobe with enhanced sound transmis-
sion and atelectasis of the adjacent lung. The affected lobe is 
avascular.

Figure 68.17 Cystic adenomatoid malformation. Transverse 
view of the right lower lung in a 1-week-old girl with an abnormal 
chest radiograph obtained for respiratory distress demonstrates a 
large cystic lesion (C) with thin walls, consistent with a type 1 
CCAM.

Figure 68.18 Cystic adenomatoid malformation. Transverse 
view of the right lower lung in an 8-week-old girl with a known 
prenatal diagnosis of a right lower lobe mass shows multiple cystic 
lesions (C) with thin walls, consistent with a type 2 CCAM. LIV, liver.

Sonographic signs of pulmonary disease

• Sonographic air bronchogram, which is equivalent to air 
bronchogram on chest radiographs, typically presents as multiple 
bright punctate and branching linear structures extending from 
the centre of the consolidated or collapsed lung to the periphery.

• Lung abscess usually presents as a round or ovoid hypoechoic 
mass with thick and irregular hyperechoic walls. Hyperechoic 
areas with posterior acoustic shadowing may be observed if the 
abscess cavity contains gas.

• Anomalous arteries associated with an echogenic lung mass 
seen on colour Doppler imaging can confirm the diagnosis of 
pulmonary sequestration.

• Variable sized cysts and echogenic septations without associated 
anomalous arteries are typically seen in Congenital Cystic 
Adenomatoid Malformation.
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Figure 68.19 Primary lung sarcoma. A: Frontal view of the chest radiograph in a 10-month-old boy demonstrates a large opacity in the 
left mid to lower hemithorax associated with the mediastinal shift to the right. B: Longitudinal sonographic view of the left mid hemithorax 
shows a relatively homogeneous mass (M). C: CT confirms the mass (M). Surgical pathology showed undifferentiated sarcoma arising from 
the lung.

A B C

Figure 68.20 Simple pleural effusion. A longitudinal view of the 
right hemithorax in a 12-year-old girl with congestive heart failure 
demonstrates a large anechoic pleural effusion (E). Also noted is 
adjacent atelectatic lung (AL). LIV, liver.

Figure 68.21 Complex effusion. A longitudinal view of the right 
hemithorax in a 14-year-old boy shows a large pleural effusion (E) 
containing multiple internal echoes. L, Lung; LIV, liver.

Sonographic signs of pleural disease

• A simple pleural effusion appears as anechoic fluid collection.
• A complex pleural effusion contains multiple internal echoes, 

septations, loculations, and is surrounded by thickened 
echogenic pleura.

• Sonographic findings of free-flowing pleural fluid include:  
(1) changes in configuration and shape of the fluid related to 
changes in patient respiration or positioning; (2) demonstration of 
mobile particles on greyscale or colour Doppler ultrasound 
(termed a ‘fluid colour sign’) and (3) absence of septations.

• Primary pleural masses, commonly from metastatic disease rather 
than primary neoplasm, typically present as pleural based 
echogenic nodules or masses often associated with pleural 
effusion.

• Sonographic findings associated with a pneumothorax include:  
(1) absence of the normal gliding motion of the lung due to loss 
of normal tension between the visceral and parietal pleural layers 
when air is introduced into the pleural space; and (2) absence of 
the normal reverberations (i.e. comet-tail artefacts) at the 
pleura–lung interface with subsequent development of a 
homogeneous posterior acoustic shadow.

Scanning the patient in both erect and lateral decubitus positions 
can help to differentiate between freely flowing and loculated 
pleural fluid. Ultrasound findings of free-flowing fluid include: (1) 
changes in configuration and shape of the fluid related to changes 
in patient respiration or positioning; (2) demonstration of mobile 
particles on greyscale or colour Doppler ultrasound (termed a ‘fluid 
colour sign’); and (3) absence of septations.1–6,51,52 Visualisation of 
multiple thickened septa and/or no changes in configuration of the 
shape of the fluid related to changes in respiration or position gen-
erally imply a purulent fluid collection (i.e. empyema).5,38 The 
normal gliding motion between the visceral pleural surfaces also 
persists when there is free effusion, whereas the gliding motion 
disappears in patients with loculated effusions. Sonography can be 
used to predict the success of the thoracentesis and also guide the 
drainage procedure. Free-flowing effusions generally have a rela-
tively low viscosity and are amenable to needle aspiration, whereas 
a complex effusion implies a high viscosity collection or pleural 
thickening and is less likely to respond to thoracentesis. In general, 
ultrasound is superior to CT in detection of septations.
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paramount since a pneumothorax can be present incidentally 
during ultrasound examinations performed for another clinical 
indication. Sonographic findings associated with a pneumothorax 
include: (1) absence of the normal gliding motion of the lung due 
to loss of normal tension between the visceral and parietal pleural 
layers when air is introduced into the pleural space; and (2)  
absence of the normal reverberations (i.e. comet-tail artefacts) at the 

Pleural masses

Primary pleural masses are commonly from metastatic disease 
rather than primary neoplasm. They typically present as pleural 
based echogenic nodules or masses often associated with pleural 
effusion which may contain echogenic or haemorrhagic debris  
(Figs 68.26 and 68.27).

Pneumothorax

Chest radiography is the imaging modality of choice for detecting 
pneumothorax in paediatric patients. However, understanding the 
characteristic sonographic appearance of pneumothorax is 

Figure 68.22 Complex effusion. A longitudinal view of the right 
hemithorax in a 10-year-old girl with pneumonia demonstrates a 
large complex pleural effusion with multiple internal septations 
(arrows). LIV, liver.

Figure 68.23 Complex effusion. A longitudinal view of the right 
hemithorax in an 8-year-old girl shows a large effusion and 
thickened and echogenic adjacent pleura (arrows). LIV, liver.

Figure 68.24 Empyema. A transverse view of the left lower 
hemithorax in a 1-month-old shows a large pleural effusion (E) 
containing echogenic particles, septations and heterogeneous 
adjacent lung parenchyma (arrows).

Figure 68.25 Haemothorax. A longitudinal view of the left 
hemithorax in a 7-week-old girl with an effusion on chest 
radiography following repair of aortic coarctation. Organised blood 
clot (arrows) appears as a heterogeneously echogenic mass 
surrounded by pleural effusion.
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pleura–lung interface with subsequent development of a homoge-
neous posterior acoustic shadow.5,6,53,54 Loss of the normal gliding 
motion is known as the ‘curtain sign’.2 Mobile air–fluid levels are a 
finding of hydropneumothorax.55

MEDIASTINUM

Chest masses are most commonly located within the mediastinum 
in infants and children.56 In general, CT or MRI are studies of choice 
for confirmation and further characterisation of mediastinal masses 
detected on chest radiography. Ultrasound is not routinely used for 
evaluation of the mediastinum although in the neonate or young 
infant with a mediastinal mass, ultrasound can characterise the 
cystic, solid or vascular nature of the lesion if it is located close to 
the diaphragm or thymus, which can serve as acoustic windows. 
Masses also can be detected incidentally on ultrasound examina-
tions performed for evaluation of pleural effusions and the associ-
ated mass may be imaged. The ultrasound features of common 
mediastinal masses are discussed below. 

Anterior mediastinal masses

Teratomas and lymphomas are the common anterior mediastinal 
masses. Teratoma is a complex mass containing an admixture of 
tissues, including sebum or serous fluid, which appear hypoechoic, 
and hair, calcifications, bone or fat, which appear hyperechoic.5,57 
Teratoma is typically avascular or hypovascular. Because they are 
non-pliable, they compress and displace adjacent structures.

Lymphoma, especially Hodgkin’s disease, is the most common 
malignant tumour involving the mediastinum in older children and 
adolescents.5 In younger children non-Hodgkin’s lymphoma will 
give similar appearances. Mediastinal involvement may involve 
lymph nodes, the thymus, or both. Enlarged lymph nodes and 
thymic infiltration appear as well-marginated, heterogeneous or 
homogeneous masses (Fig. 68.28). They may be hypoechoic or iso-
echoic relative to adjacent soft tissues.5 The abnormal thymus loses 
its pliability, and it may deform and compress adjacent structures. 
Lymphomatous nodes and thymic infiltration are relatively  
avascular on Doppler imaging. By comparison, inflammatory  
and malignant adenopathy secondary to metastases are often 
hypervascular.

Figure 68.26 Pleural metastases. A longitudinal view of the right 
lower hemithorax in a 16-year-old girl with a known metastatic 
papillary thyroid carcinoma shows multiple echogenic pleural based 
metastatic nodules (arrows). L, lung. LIV, liver.

Figure 68.27 Pleural metastases. A: A transverse view of the left lower hemithorax in a 7-year-old girl with an immature teratoma 
demonstrates an echogenic mass (M) surrounded by a complex pleural effusion (E). B: CT scan confirms pleural based metastatic masses 
(M) surrounded by a large pleural effusion (E). The highly dense linear structure is a left chest tube.

A B

Sonographic findings of mediastinal masses

• Teratoma is a complex mass containing an admixture of tissues, 
including sebum or serous fluid, which appears hypoechoic, and 
hair, calcifications, bone or fat which appear hyperechoic.

• Enlarged lymph nodes and thymic infiltration appear as well 
marginated, heterogeneous or homogeneous masses in 
lymphoma.

• Foregut duplication cysts, regardless of type or location, are 
typically thin-walled hypoechoic cystic lesions with increased 
through-transmission.

• Neuroblastoma typically appears as a sharply marginated, 
fusiform paraspinal mass which may contain hypoechoic areas 
representing cystic necrosis or degeneration and echogenic areas 
due to associated calcification.
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marginated and anechoic or hypoechoic (Fig. 68.31). The echogenic-
ity increases if the fluid is haemorrhagic or viscous. Pericardial  
cysts usually do not displace or compress adjacent mediastinal 
structures.

DIAPHRAGMATIC ABNORMALITIES

Diaphragmatic hernias

Diaphragmatic hernia represents protrusion of abdominal contents 
into the thoracic cavity via a defect in the diaphragm.5,13 Congenital 

Middle mediastinal masses

Middle mediastinal masses are mostly adenopathy secondary to 
infection, lymphoma or metastatic disease and foregut  
malformations.5,56 Enlarged lymph nodes appear as multiple dis-
crete or confluent hypoechoic or isoechoic masses relative to adja-
cent muscle. Increased blood flow can be seen on colour Doppler 
ultrasound.

Foregut cysts are classified as bronchogenic, enteric or neu-
renteric.5,40,56 Bronchogenic cysts are lined by respiratory epithelium 
and most are located in the subcarinal or right paratracheal regions. 
Enteric duplications are lined by gastrointestinal mucosa and 
usually are located close to or within the oesophageal wall. Neu-
renteric cysts are lined by gastrointestinal epithelium and are con-
nected to the meninges through a midline defect in one or more 
vertebral bodies.

Foregut duplication cysts, regardless of type or location, are typi-
cally thin-walled hypoechoic cystic lesions with increased through-
transmission (Fig. 68.29).5,6 Increased echogenicity can be seen if the 
contents of the cyst contain mucoid or proteinaceous material, 
debris or air. Uncomplicated cysts are avascular. Increased blood 
flow within the wall or surrounding soft tissues can be seen if the 
cyst is infected.

Posterior mediastinal masses

Posterior mediastinal masses are usually neurogenic tumours, most 
commonly neuroblastoma.5,56 Neuroblastoma appears as a sharply 
marginated, fusiform paraspinal mass. It is iso- or hyperechoic rela-
tive to thymus or chest wall muscle and it may contain hypoechoic 
areas representing cystic necrosis or degeneration and echogenic 
areas due to associated calcification (Fig. 68.30). Intraspinal exten-
sion can be recognised by ultrasound if the tumour causes cord 
displacement. Although ultrasound can show intraspinal extension, 
CT or MRI is the preferred imaging modality for evaluating extent 
of tumour involvement.

Cardiophrenic angle masses

Pericardial cysts are rare and commonly located within the right 
cardiophrenic angle; however, they can be also located anywhere 
along the pericardium.58 They typically are unilocular, well 

Figure 68.28 Hodgkin’s lymphoma. A: A transverse view of the upper left hemithorax demonstrates a heterogeneous mass (M) 
surrounded by pleural effusion (E). B: CT image at the level of aortic arch (AA) confirmed a heterogeneous mass (M), representing infiltrated 
thymus, with adjacent pleural effusion (E).
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Figure 68.29 Bronchogenic cyst. A paraspinal view of the mid 
thorax in a 2-week-old girl demonstrates a large cystic mass (M) 
with imperceptible walls located within the middle/posterior 
mediastinum. S, spine.
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diaphragmatic hernia is more common than acquired herniation in 
infants and children. Acquired diaphragmatic hernia is typically 
associated with penetrating or blunt trauma. There are two types 
of congenital diaphragmatic hernia: Morgagni hernia and Boch-
dalek hernia. Bochdalek hernia, which is more common than Mor-
gagni hernia, is located posteriorly while Morgagni hernia is 
positioned anteriorly. Diaphragmatic hernias are more common on 
the left side than right side, which is presumed to be due to the 
protective effect of the liver. Left-sided defects can contain the left 
lobe of the liver, the spleen, the stomach, the large or small bowel, 
or the kidney. Right-sided defects contain the right lobe of the liver 
and occasionally other abdominal viscera. 

The diagnosis of a diaphragmatic hernia can be confidently estab-
lished when air-filled bowel loops are visualised in the chest on 

Figure 68.30 Neuroblastoma. A: A frontal view of the chest demonstrating left upper hemithorax opacity (arrows) resulting in mediastinal 
shift to the right. Associated cortical irregularity (curved arrows) of the second and third left ribs is also noted. B: A transverse ultrasound 
through the superior mediastinum demonstrates a relatively hypoechoic solid mass (M) with small echogenic areas (arrows) due to 
associated calcification.

A B

Figure 68.31 Pericardial cyst. A: A transverse view of the lower hemithorax in an 18-year-old male with a cardiophrenic mass on chest 
radiography demonstrates a cystic mass (M) with a few septations (arrows) abutting the heart (H). B: An enhanced axial CT image 
confirmed the pericardial cyst (PC).

A B

Sonographic findings in diaphragmatic abnormalities

• Sonographic findings of both congenital and acquired 
diaphragmatic hernias include discontinuity of the normal linear 
diaphragmatic echoes and the presence of intra-abdominal 
contents within the thoracic cavity.

• Eventration of the diaphragm presents as a focally thinned, but 
intact diaphragm that protrudes superiorly and is adjacent to the 
liver or spleen.

• In diaphragmatic paralysis or paresis the sonographic findings are 
absent or paradoxical diaphragmatic motion during deep 
inspiration and expiration.
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with a paretic or weak diaphragm the degree of excursion of the 
anterior, middle and posterior portions of the diaphragm is similar. 
Of note, normally excursion of the middle and posterior thirds of 
diaphragm is greater than that of the anterior third.5

CHEST WALL LESIONS

High-resolution ultrasound with colour Doppler can provide valu-
able information about the cystic, solid or vascular nature of a chest 
wall lesion and also the extent of the lesion. In general, non-tender, 
cystic and vascular chest wall lesions tend to be benign, while 
painful, growing and solid masses are more likely to be malignant. 
For definite diagnosis, surgical biopsy/resection with histological 
analysis is required for most chest wall lesions with the exception 
of benign lesions with pathognomonic findings, such as haemangi-
oma and lipoma. 

Soft tissue lesions

Benign masses
The common benign masses of the chest wall include congenital 
lesions (haemangiomas and vascular malformation, lipomas), infec-
tions (cellulitis, abscess) and haematoma.61,62 Haemangiomas are the 
most common tumours in infancy typically appearing in the first 
week of life.63,64 They are characterised by spontaneous course of an 
initial rapid postnatal growth, a variable period of stability, and 
then followed by subsequent slow involution. Although the correct 
diagnosis of most haemangiomas can be relatively easily made 
based on clinical examination, which typically demonstrates a soft 
tissue mass with associated reddish overlying skin discoloration, 
imaging study is helpful for evaluating extent of the haemangioma, 
particularly for deep haemangiomas with normal overlying skin. It 
has been reported that ultrasound is the best imaging modality to 
define and characterise haemangiomas. On ultrasound with colour 
Doppler, chest wall haemangioma typically presents as a well-
circumscribed soft tissue mass with variable echogenicity with 
increased internal blood flow during the proliferative phase (Fig. 
68.35).5,63–66 Haemangioma is typically characterised by: (1) a high 
vessel density (>5 vessels/cm2); (2) a high Doppler shift (>2 kHz); 
(3) low resistance; and (4) little or no evidence of arteriovenous 
shunting.64,65 On the other hand, during the involution phase, the 

plain radiographs. However, the diagnosis may not be obvious 
when the hernia contains fluid-filled bowel loops, which can mimic 
an elevated hemidiaphragm, pleural effusion or intrathoracic mass. 
In these instances, ultrasound can provide helpful diagnostic 
information.

Ultrasound findings of congenital and acquired diaphragmatic 
hernias are similar and include discontinuity of the normal linear 
diaphragmatic echoes and the presence of intra-abdominal contents 
(i.e. bowel, liver, spleen, kidney and omentum) within the thoracic 
cavity (Fig. 68.32).1,5,6,59 A hernia containing predominantly solid 
organs, such as the liver, spleen or kidney, appears echogenic. A 
hernia containing fluid-filled bowel loops appears hypoechoic. A 
definite diagnosis of herniated bowel loops can be made when the 
characteristic echogenic inner lining of mucosa and a hypoechoic 
rim of smooth muscle is present. Herniated omentum can appear 
hypoechoic, isoechoic or hyperechoic relative to the liver. Colour 
Doppler ultrasound can demonstrate omental vessels in the herni-
ated omentum.

Eventration

Eventration of the diaphragm refers to a congenital weakness or 
thinness of the central tendon or muscle of the diaphragm resulting 
in poor diaphragmatic function.5,60 The cause is thought to be hypo-
plasia of the diaphragmatic muscle. Eventration is more often left-
sided than right-sided and usually focal, affecting the anteromedial 
portion of the right diaphragm.5 Less commonly it involves an 
entire hemidiaphragm. Ultrasound findings are a focally thinned, 
but intact diaphragm that protrudes superiorly and is adjacent to 
the liver or spleen (Fig. 68.33).5 Diaphragmatic motion is decreased 
or absent. It is important to note that ultrasound differentiation of 
diaphragmatic eventration from hernia may be difficult when the 
affected portion of diaphragm is markedly thinned.5

Paralysis and paresis

Diaphragmatic paralysis or paresis is usually a result of phrenic 
nerve injury due to mediastinal or cardiac surgery, birth injury, 
trauma, chest tube placement or inflammatory conditions such as 
pneumonia or subphrenic abscess. The sonographic diagnosis of 
paralysis is made when diaphragmatic motion is absent or para-
doxical during deep inspiration and expiration.1,5,14–20 When motion 
is paradoxical, the affected hemidiaphragm moves cranially during 
inspiration and caudally during expiration (Fig. 68.34).5 In patients 

Figure 68.32 Bochdalek diaphragmatic 
defect. A: A frontal chest radiograph of a 
newborn boy who presented with respiratory 
distress shows opacity in the right hemithorax 
associated with non-visualisation of the 
ipsilateral hemidiaphragm. B: A sagittal view 
of the right mid hemithorax demonstrates 
superiorly herniated liver (HL) in the lower right 
thorax through a large diaphragmatic defect 
(arrows). LIV, intra-abdominal liver.

A B
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Figure 68.33 Diaphragmatic eventration. A: A frontal chest radiograph of a 2-day-old boy with tetralogy of Fallot shows a well-
marginated opacity abutting the medial left hemidiaphragm (arrows). B: Transverse sonogram demonstrates a focal diaphragmatic bulge 
(arrows) containing liver (LIV). Note that the diaphragm is intact.

A B

feeding vessels, high vessel density and high systolic flow, and 
multiple areas of arteriovenous shunting.64 Arterialisation of veins 
is present in AVMs in contrast to haemangiomas.64

Venous malformations are soft and compressible masses associ-
ated with overlying bluish skin discoloration. On ultrasound, 
venous malformations are characterised by a soft tissue mass with 
a mixed echogenicity with occasional (16%) association with phle-
boliths.64 Either low flow, monophasic flow, or no flow at all can be 
detected on ultrasound with Doppler. It is important to note that 
underlying thrombosis may be the reason for no flow within venous 
malformations.

Lymphatic malformations typically present as smooth soft tissue 
masses before the second year of life. Lymphatic malformation can 
be further subcategorised into macrocystic, microcystic and mixed 
types.64 Ultrasound imaging findings reflect the different subtypes 
of lymphatic malformation. While ultrasound typically shows a 
multiloculated cystic mass without internal flow except the internal 
septa of varying thickness in cases of macrocystic type lymphatic 

decrease in number of vessels while maintaining high systolic flow 
within the remaining vessels is typically seen on ultrasound with 
colour Doppler (Fig. 68.35).5,63–65 Scattered, more focal hyperechoic 
areas may be seen if the lesion contains dystrophic calcification  
or fat.

Vascular malformations are developmental anomalies of the 
embryonic vascular system which occur between the fourth and 
tenth weeks of gestation.64 Based on the currently accepted classifi-
cation of vascular lesions by Mulliken and Glowacki,63,67 vascular 
malformations are currently subdivided into high-flow arteriov-
enous malformations and low-flow capillary, venous, lymphatic or 
combined malformations. Although vascular malformations are 
typically present at birth similar to haemangioma, vascular malfor-
mations do not spontaneously regress unlike haemangioma.

Arteriovenous malformations (AVMs) are characterised by 
abnormal communications between arteries and veins without 
intervening normal capillary bed.64 On ultrasound with colour 
Doppler, AVMs are characterised as a heterogeneous mass with 

Figure 68.34 Diaphragmatic paralysis. A transverse view of the 
diaphragm in a 6-month-old boy during expiration demonstrates 
normal anterior movement of the right hemidiaphragm (arrows) and 
no excursion of the left hemidiaphragm (curved arrows).

Sonographic findings in chest wall masses

• Sonographic findings of haemangioma are typically a well-
circumscribed echogenic mass in the subcutaneous tissues with 
increased central flow and dilated feeding vessels on colour 
Doppler ultrasound.

• Lymphatic malformation usually appears as a multiloculated cystic 
mass with internal septa of varying thickness.

• Chest wall abscesses are typically hypoechoic or anechoic fluid 
collections with internal echoes, septations or fluid–fluid levels, 
and posterior acoustic enhancement.

• Malignant chest wall masses are heterogeneous echogenic, 
vascular soft tissue masses with ill-defined or irregular borders 
often associated with underlying rib destruction and pleural 
effusion.

• Unossified costochondral and cartilaginous abnormalities appear 
hypoechoic compared with adjacent echogenic cortex.



CHAPTER 68 • Paediatric chest

1352

Cellulitis results from an acute infection of the deep subcutane-
ous tissues of the dermis. Staphylococcus aureus and group A 
Streptococcus are the two common inciting bacterial organisms.5 
Ultrasound findings include increased echogenicity of the sub-
cutaneous tissues, a reticular pattern of anechoic or hypoechoic 
striations secondary to oedema dissecting along the subcutaneous 
tissue septa, and increased blood flow on colour Doppler images 
(Fig. 68.37).5

Aggressive subcutaneous infection of the chest wall can result in 
abscess formation. Ultrasound can be useful in both diagnosis and 
guidance of percutaneous drainage procedures. Abscesses are typi-
cally hypoechoic or anechoic fluid collections with internal echoes, 
septations or fluid–fluid levels, and posterior acoustic enhancement 
(Fig. 68.38). Highly reflective foci suggest gas within the abscess 
cavity. Other findings include a thick wall around the cyst and 
associated cellulitis. Doppler imaging shows flow around the 
periphery of the abscess and in the adjacent soft tissue. The centre 
of the abscess is avascular. Associated osteomyelitis should be con-
sidered when there is disruption or irregular thickening of the 
cortex of adjacent ribs (Fig. 68.39).

Haematoma is a relatively common soft tissue mass in children. 
It is almost always associated with prior trauma and less commonly 
with underlying bleeding diatheses. Acute haematomas are hyper-
echoic due to the presence of fibrin and have relatively ill-defined 
margins. Subacute haematomas have hypoechoic central areas and 
well-marginated echogenic borders. Chronic haematomas are ane-
choic, well-circumscribed masses.5

malformation (Fig. 68.36),1,5,64 microcystic type lymphatic malfor-
mation are typically hyperechoic due to underlying numerous 
sonographic interfaces without underlying blood flow on ultra-
sound with Doppler. Low-level echoes in the fluid portion of the 
lymphatic malformation suggest haemorrhage or infection.

Lipoma is a benign tumour consisting of fatty tissue. On ultra-
sound, lipomas are typically avascular echogenic masses with 
either well-circumscribed or imperceptible borders.5

Figure 68.36 Lymphangioma. A transverse view of the right mid 
chest wall in a 9-month-old girl demonstrates a multiloculated 
hypoechoic mass with internal septa.

Figure 68.37 Cellulitis. A longitudinal view of the left lateral chest 
wall in a 10-year-old girl with a insect bite shows thickened and 
hyperechoic subcutaneous tissues with reticular hypoechoic 
striations (arrows) secondary to oedema.

Figure 68.35 Haemangioma. A: A transverse view of a palpable mass in the right anterior chest wall in a 2-year-old girl demonstrates a 
well-marginated echogenic mass (arrows) with scattered hyperechoic areas representing fatty stroma. B: A transverse colour Doppler 
image demonstrates multiple vascular channels within the mass.

A B
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Figure 68.38 Soft tissue abscess. A transverse view of the right 
lower chest wall in a 4-year-old boy with skin erythema and fever 
demonstrates a hypoechoic fluid collection (arrows) with scattered 
internal echoes. Also note thickened and echogenic subcutaneous 
tissues due to cellulitis.

Figure 68.39 Soft tissue abscess with osteomyelitis. A: Transverse scan of the lower left chest wall over an area of soft tissue 
swelling shows a heterogeneous, hypoechoic mass (M) immediately anterior to the left ninth rib (arrows). The cortex of the rib is irregular 
and thickened, consistent osteomyelitis. There also is focal cortical disruption (fracture) (open arrow). B: Colour Doppler scan shows 
peripheral flow around the abscess.

A B

Figure 68.40 Rhabdomyosarcoma. A transverse colour Doppler 
scan of the left lateral chest wall just below the axilla in a 6-year-old 
girl who presents with an enlarging chest wall mass shows a 
heterogeneous, vascular solid mass with ill-defined margins.

Malignant masses
The common malignant chest wall masses in children include 
rhabdomyosarcoma, fibrosarcoma, primitive neuroectodermal 
tumour and the Ewing family of tumours.68,69 Sonographic find-
ings vary widely but, in general, the diagnosis of a malignant 
chest wall mass should be considered when a heterogeneously 
echogenic, vascular soft tissue mass with ill-defined or irregular 
borders is observed on ultrasound (Fig. 68.40).5 Associated rib 
destruction and pleural effusion support the diagnosis.70 
However, ultrasound features are not specific for malignancy and 

the findings can mimic those of benign conditions such as hae-
matomas, abscess and some benign soft tissue tumours. Biopsy is 
needed for definitive diagnosis.

Cartilaginous and osseous lesions

Cartilaginous rib abnormalities can present as firm chest wall 
masses in children and ultrasound may be the initial diagnostic 
imaging study. The common skeletal lesions include asymmetric 
cartilaginous costochondral junctions, enlarged rib ends, 
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osteochondromas, and acute or healing rib fractures (Figs 68.41 and 
68.42).1,5,71 Unossified costochondral and cartilaginous abnormali-
ties will appear hypoechoic compared with adjacent echogenic 
cortex.5 Acute rib fractures are associated with cortical disruption 
and surrounding soft tissue swelling.70,72,73 A healing rib fracture can 
show callous formation manifested as thickened cortex on ultra-
sound. Comparison views of the contralateral side can be useful 
when ultrasound findings on the affected side are equivocal.
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THE LIVER AND BILE DUCTS

Technique and anatomy

In many instances the indications for liver imaging in children do 
not differ significantly from indications in adults. Common indica-
tions for ultrasound scanning include hepatomegaly, a suspected 
liver mass, jaundice or liver dysfunction, pre and post liver trans-
plantation, monitoring of chronic liver disease and trauma. With 
the exception of acute trauma, ultrasound is the primary imaging 
modality and is a standard part of the evaluation of liver disease. 
The imaging appearances of many hepatic diseases in children such 
as diffuse parenchymal disease are similar to those in adults but 
specific clinical indications and pathological disorders in children 
are unique or more common in the paediatric age group; for 
example, the investigation of neonatal jaundice, segmental or split 
liver transplantation and evaluation of a hepatic mass.

A 4–6-hour or overnight fast is recommended if the gallbladder 
is to be examined but no other preparation or sedation is required 
when the liver is to be examined using ultrasound. Using a curvi-
linear probe with frequency appropriate to the child’s size, the 
majority if not all of the paediatric liver can be examined from an 
anterior subcostal approach. However, the subdiaphragmatic part 
of the right liver lobe may require an intercostal approach, espe-
cially in larger children or adolescents. The ultrasound appearances 
of the normal liver and its anatomy do not differ significantly from 
appearances in adults. Normal liver parenchyma in childhood has 
a fine homogeneous echotexture. In the neonate and young infant 
the hepatic echotexture is either slightly lower than that of the renal 
cortex, or is comparable (Fig. 69.1). Usually by 6 months of age, the 
liver is slightly more echogenic than the renal cortex (Fig. 69.2). 
Some if not all of this difference relates to the change in renal echo-
genicity. Small rounded hyperechoic areas in the liver parenchyma 
represent periportal fibrofatty tissue and ligaments.

The internal measurements of the common bile duct (CBD) 
should not exceed 1.6 mm in neonates and infants up to 1 year of 
age; and 3 mm in childhood and early adolescence, with the CBD 
having a similar diameter to the adjacent hepatic artery. However, 
the CBD is a distensible structure and does vary slightly in calibre 
with fluctuations in bile flow especially postprandially.1 Compared 
with the spleen, the normal liver is slightly hypoechoic. The upper 
limit of spleen size in infants and children according to age is given 
in Table 69.1.

Anatomical variants associated with 
abnormal position of the liver and spleen

Cardiac malposition and abnormalities of cardiac situs are associ-
ated with abnormal position of the liver and spleen. Mirror-image 
dextrocardia is the most common, and is associated with abdominal 
situs inversus in which the otherwise normal liver is left-sided and 
the spleen is right-sided. The liver is usually right-sided in cases of 
dextroversion with situs solitus. Asplenia and polysplenia syn-
dromes occur with cardiac malpositions and are usually associated 
with complex congenital heart disease and pulmonary malforma-
tions.3 In both asplenia and polysplenia the liver often lies in the 
midline and microgastria may be present.4 It is not possible to 
confirm complete absence of splenic tissue with ultrasound, but 
radionuclide studies are definitive (although rarely clinically indi-
cated). Polysplenia is more easily diagnosed with ultrasound and 
associated abnormalities of the abdominal vasculature should be 
sought, as there is an increased incidence of interrupted inferior 
vena cava with azygos continuation. If no spleen is detected in the 
left upper quadrant, splenic tissue should be looked for in unusual 
locations in the abdomen.

A ‘wandering spleen’ refers to a spleen that does not have normal 
fixed ligamentous attachments (gastrosplenic and splenorenal liga-
ments). The ligamentous attachments are elongated, allowing the 
spleen to be highly mobile. Many patients are asymptomatic but 
the condition can be associated with intermittent abdominal pain if 
the spleen is undergoing intermittent torsion and de-torsion. 

Helen Williams



The liver and bile ducts

1357

autoimmune disease, a metabolic disorder or toxic agent, including 
certain drugs. A list of infective causes of acute hepatitis is given in 
Table 69.2.7 Chronic hepatitis may be caused by a wide range of 
diseases, with distinct aetiologies that typically lead to slowly pro-
gressive inflammatory damage and liver fibrosis. Hepatitis due to 
viral infection may evolve from an acute inflammatory process to 
chronicity; autoimmune and drug-induced liver disease are other 
important causes of chronic hepatitis. In up to 10% of patients with 
chronic hepatitis the cause remains unknown, or cryptogenic. The 
ultrasound appearance of acute hepatitis depends more on the 
severity of disease than its underlying cause. The liver may be 
normal in size or enlarged with diffuse increase in the parenchymal 
echogenicity and increased echogenicity of the walls of the portal 
veins due to hepatocyte oedema. In acute hepatitis the gallbladder 
wall may also be thickened.8 In chronic active hepatitis a general-
ised decrease in hepatic echogenicity is usually seen, with coarsen-
ing of the parenchymal echotexture and decreased visualisation of 
the peripheral portal venous system.8

Liver disease is a frequent presentation of many inborn errors of 
metabolism. Most patients present in the neonatal period with 
cholestasis or acute liver failure but many of these disorders will 

Occasionally patients may present with an acute abdomen if the 
spleen undergoes torsion and infarction.5

An accessory spleen or splenunculus is seen on ultrasound as a 
rounded ‘mass’ near the inferior border of the spleen or in the 
splenic hilum (Fig. 69.3). Splenosis results from splenic rupture 
secondary to trauma or surgery, leading to dissemination or 
autotransplantation of small amounts of splenic tissue within the 
peritoneal cavity or, less commonly, elsewhere in the body. Splenic 
nodules in splenosis are round hypoechoic masses, indistinguish-
able from accessory spleens.6 Postnatal persistence of splenic 
connections with hepatic, gonadal and renal tissue results in spleno-
hepatic, splenogonadal or splenorenal fusions.

Diffuse parenchymal disease

Acute hepatitis is characterised by inflammation and necrosis of the 
liver. The underlying cause may be infection (viral or non-viral), 

Figure 69.1 Normal liver in a 3-month-old. The echogenicity of 
the liver and right renal cortex are comparable.

Figure 69.2 Normal liver in a 10-month-old. The liver is slightly 
more echogenic than the right renal cortex.

Figure 69.3 Small splenunculus measuring 2 cm at the inferior 
border of the spleen. The echogenicity of the spleen and 
splenunculus are comparable.

Table 69.1 Normal spleen size in infants and children2

Age
Upper limit of normal 
spleen length (cm)

0–3 months 6
3–6 months 6.5
6–12 months 7
1–2 years 8
2–4 years 9
4–6 years 9.5
6–8 years 10
8–10 years 11
10–12 years 11.5
12–15 years 12

15–20 years
Female: 12
Male: 13
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liver edge; coarse or heterogeneous parenchymal echotexture; 
increased parenchymal echogenicity with attenuation of the ultra-
sound beam; hyper- or hypoechoic regenerative nodules; and a 
small or non-visualised gallbladder10 (Fig. 69.5A and B). There may 
also be signs of coexistent portal hypertension (see ‘Vascular disor-
ders and portal hypertension’ section below).

Cystic fibrosis (CF) is the most common lethal genetic defect in 
white populations. It is caused by defects in the CF transmembrane 
regulation (CFTR) gene on chromosome 7. The disorder produces 
abnormally thick secretions in multiple organ systems with the 
lungs, pancreas, liver, intestine and reproductive tract being prima-
rily affected. Hepatic involvement in cystic fibrosis is common and 
ranges from fatty infiltration of the liver to focal biliary fibrosis and 
eventually multilobular biliary cirrhosis. There is an increasing inci-
dence of liver involvement with age, although only 1–5% of cases 

Figure 69.4 Enlarged, hyperechoic liver in a child with a 
glycogen storage disorder.

Table 69.2 Infective causes of acute hepatitis7

Hepatotrophic 
viruses

Non-
hepatotrophic 
viruses

Non-viral causes 
of hepatic 
infection

Hepatitis A
Hepatitis B, C 

and D
Hepatitis E
Hepatitis F
Hepatitis G

RNA viruses:
Paramyxovirus 

(measles)
Togavirus (rubella)
Enteroviruses
Echovirus
Coxsackie virus
Flaviviruses
Yellow fever
Dengue fever
Filoviruses
Marburg virus
Ebola virus
Arenavirus (Lassa 

fever)

DNA viruses:
Parvovirus B19
Adenovirus
Herpes viruses
Herpes simplex 

types 1 and 2
Varicella-zoster 

virus
Cytomegalovirus
Epstein–Barr virus
Human herpes 

virus 6

Bacteria:
Bartonella henselae/

quintana
Brucella melitensis
Legionella 

pneumophilia
Leptospira 

ictohaemorrhagica
Listeria 

monocytogenes
Mycobacterium 

tuberculosis
Salmonella typhi

Protozoa:
Toxoplasma gondii

Helminths (worms):
Cestodes (tapeworms)
Echinococcus 

multilocularis
Echinococcus 

granulosus

Nematodes 
(roundworms):

Ascaris lumbricoides
Toxocara canis/T. 

catis

Trematodes (flukes):
Schistosoma mansoni
Schistosoma 

japonicum
Fasciola hepatica

Table 69.3 Metabolic causes of liver disease in childhood 
and their common presenting features9

Presenting feature Metabolic conditions

Liver failure Galactosaemia
Tyrosinaemia type I
Hereditary fructose intolerance
Mitochondrial respiratory chain defects
Long chain fatty acid oxidation defects
Neonatal haemochromatosis
α1-antitrypsin deficiency

Encephalopathy Fatty acid oxidation defects
Organic acidaemias
Urea cycle defects

Cholestasis (in the 
neonatal period or 
later)

All disorders that cause liver failure plus
Peroxisomal disorders
Congenital disorders of glycosylation
Lysosomal storage disorders
Niemann–Pick type C disease
Bile acid synthesis defects

Isolated hepatomegaly 
or 
hepatosplenomegaly

Glycogen storage diseases
Lysosomal storage diseases
Congenital disorders of glycosylation

not become clinically evident until later in infancy or childhood. 
Presentation with metabolic liver disease is variable and includes 
acute or fulminant liver failure, hepatic encephalopathy associated 
with liver dysfunction, cholestasis and hepatomegaly or hepat-
osplenomegaly. Some examples of metabolic disorders that present 
with liver disease are given in Table 69.3.9 Wilson’s disease is an 
autosomal recessive disorder of copper metabolism. The affected 
gene encodes a copper-transporting protein that excretes copper 
into bile. The condition presents at an average age of 10–13 years 
(rarely before 3 years of age) usually with either neurological symp-
toms or liver disease. Hepatic involvement ranges from asympto-
matic transaminitis to acute liver failure with jaundice, cirrhosis, 
hepatic necrosis and encephalopathy. The ultrasound appearances 
of all metabolic disorders affecting the liver are non-specific, with 
the liver often appearing hyperechoic with decreased visualisation 
of the peripheral portal venous vasculature8 (Fig. 69.4). The diag-
nosis is made from clinical information and laboratory tests, with 
some cases requiring liver biopsy.

Cirrhosis is a chronic disease process characterised by parenchy-
mal destruction, scarring, fibrosis and nodular regeneration which 
distorts the hepatic lobular and vascular architecture. It represents 
the end stage of many chronic processes affecting the liver, includ-
ing infective hepatitis, biliary atresia, metabolic disease and vascu-
lar disorders affecting the liver (e.g. Budd–Chiari syndrome). The 
sonographic findings of cirrhosis include a small right hepatic lobe 
and medial segment of the left lobe with compensatory hypertro-
phy of the lateral segment of the left lobe and caudate lobe; nodular 
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Fatty infiltration (steatosis) due to excess accumulation of trig-
lycerides within the hepatocytes occurs in two morphological types: 
microvacuolar and macrovacuolar. Microvacuolar steatosis occurs 
in fulminant liver diseases or following the administration of drugs 
and is usually irreversible. Macrovacuolar steatosis is usually 
asymptomatic and may be secondary to nutritional abnormalities 
such as obesity, starvation or parenteral nutrition; metabolic abnor-
malities such as diabetes mellitus, hyperlipidaemia and galacto-
saemia; drugs (e.g. corticosteroids); viral infections; and CF. 
Macrovacuolar steatosis is reversible if the underlying abnormality 
is removed or corrected. Fatty infiltration of the liver manifests as 
parenchymal echogenicity, and can be diffuse or focal producing a 
‘geographic’ appearance (Fig. 69.6A and B). The most commonly 

progress to clinically apparent liver disease.11 Hepatic enlargement 
and increased parenchymal echogenicity representing fatty infiltra-
tion are typically seen sonographically. In focal biliary fibrosis, 
which affects >20% of children and adolescents with CF-related 
liver disease, there is hyperechoic periportal thickening due to 
fibrosis or focal fatty deposition in addition to increased parenchy-
mal echogenicity.12 In the small proportion of cases of focal biliary 
fibrosis (approximately 5%) that progress to multilobular biliary 
cirrhosis the liver is small and nodular sonographically, with an 
irregular echotexture. With the development of portal hyperten-
sion, splenic enlargement, portosystemic collateral vessels and 
occasionally ascites are seen on abdominal ultrasound. Patients 
with CF also have an increased incidence of gallstones.

Figure 69.5 Coarse, nodular cirrhotic liver in a child with Niemann–Pick disease. A: Right longitudinal ultrasound image showing an 
irregular liver edge. B: Right transverse subcostal view showing minor distortion of the hepatic veins.

A B

Figure 69.6 Focal fatty infiltration in the right liver lobe on a longitudinal image (A) and around the intrahepatic portal vein (B) – right 
transverse view. The margins of the infiltrated hyperechoic fatty areas are well defined and there is no associated mass effect.

A B
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differentiating factor is the child’s age. The differential diagnosis 
will also vary depending on whether there is a single lesion or 
multifocal disease, and whether the serum alpha-fetoprotein (AFP) 
level is elevated. See Table 69.4: Differential diagnosis of hepatic 
masses in children.

The main role of imaging is to define the extent of a hepatic mass, 
its relationship to vascular and biliary structures and segmental 
anatomy. This is particularly important with neoplastic lesions in 
order to determine resectability. Most children with a liver mass 
will initially be evaluated using ultrasound, which helps to deter-
mine the cystic or solid nature of the lesion (or lesions) and whether 
it contains vascular flow. Once this has been established most  
children will undergo computed tomography (CT) or magnetic 
resonance imaging (MRI) in order to stage disease and/or plan 
treatment.

Malignant hepatic neoplasms
There are no particular pathognomonic imaging features to indicate 
that a liver mass is malignant and biopsy is required in order to 
confirm the diagnosis.

Hepatoblastoma is the most common primary malignant liver 
tumour in childhood, accounting for approximately 45% of all 
childhood liver masses.15,16 It primarily affects children under 3 

affected sites of focal fatty infiltration are just anterior to the portal 
vein bifurcation and gallbladder neck, and medial segment of the 
left hepatic lobe adjacent to the interlobar fissure. In diffuse fatty 
infiltration the liver may be enlarged and the attenuation of the 
ultrasound beam can result in poor visualisation of the intrahepatic 
vessels, posterior part of the liver and the diaphragm. Occasionally 
focal fatty infiltration can mimic a hepatic mass, although the 
affected liver does not have mass effect and never distorts the 
hepatic contour. Similarly, areas of liver that are spared from  
fatty infiltration appear hypoechoic in contrast to the remaining 
steatotic liver (Fig. 69.7). Occasionally these may be mistaken for 
a mass lesion.

Congenital hepatic fibrosis is a rare condition that has been 
associated with autosomal recessive polycystic kidney disease 
(ARPKD) and other disorders such as Meckel–Gruber syndrome, 
vaginal atresia, tuberous sclerosis, nephronophthisis and rarely 
autosomal dominant polycystic kidney disease, but may also be 
sporadic.13 Patients present with hepatomegaly and signs of portal 
hypertension usually in late childhood or adolescence. Liver func-
tion is usually normal unless there is established cirrhosis. Histo-
logically the bile ducts and portal tracts are affected with no damage 
to hepatocytes. Sonographic findings include patchy or diffuse 
parenchymal echogenicity and dilated bile ducts14 (Fig. 69.8). In 
ARPKD the kidneys are also affected (see section on ARPKD in 
Chapter 71). 

Focal hepatic lesions

The liver is an uncommon site for an abdominal mass in a child, 
with focal hepatic masses accounting for only 5–6% of all abdomi-
nal masses in children. Primary hepatic neoplasms are rare, repre-
senting only 0.5–2% of all paediatric malignancies,15 but are the 
third most common abdominal tumour in children after Wilms’ 
tumour and neuroblastoma. Metastatic disease affecting the liver is 
much less common in children than in adults. Most children with 
a liver mass present with abdominal distension or a mass on exami-
nation. Other symptoms such as pain, jaundice, weight loss, vomit-
ing, a paraneoplastic syndrome, or acute abdomen due to tumour 
rupture are less common. When evaluating a child with a liver 
mass, in addition to the clinical presentation an important 

Figure 69.7 Diffuse fatty infiltration of the liver in an obese child, 
with some focal fatty sparing around the proximal intrahepatic portal 
vein. This area is hypoechoic in contrast to the remainder of  
the liver.

Figure 69.8 Congenital hepatic fibrosis in a 7-year-old with 
autosomal recessive polycystic kidney disease (ARPKD). The liver is 
heterogeneous and there is intrahepatic bile duct dilatation.

Diffuse parenchymal disease in children

• Acute hepatitis may be caused by infection, autoimmune disease, 
a metabolic disorder or toxic agent, including drugs.

• Ultrasound appearances in acute hepatitis depend more on the 
severity of disease rather than the underlying cause.

• In acute hepatitis the liver may be normal in size or enlarged and 
liver echogenicity may be altered, although it can appear normal.

• Cirrhosis represents the end stage of many chronic processes 
including infective hepatitis, CF, extra hepatic biliary atresia, 
metabolic disease and vascular disorders affecting the liver.

• The liver is commonly involved in children with CF, ranging from 
fatty infiltration to multilobular biliary cirrhosis.

• Fatty infiltration of the liver in children may be caused by nutritional 
or metabolic disturbance, metabolic disorders, drugs, viral 
infections and CF.
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epithelial tissue with variable differentiation. Some tumours may 
contain mesenchymal elements. Between the ages of 6 months and 
3 years, serum AFP is elevated in over 90% of cases, which is a 
useful marker both at diagnosis and for monitoring treatment. Most 
children with hepatoblastoma present with a combination of 
abdominal distension, pain, a mass, vomiting and failure to thrive 
but the tumour may produce other hormones in addition to AFP 
(such as human chorionic gonadotrophin (hCG), thrombopoietin, 
erythropoietin or renin) and cause paraneoplastic effects. Sono-
graphically, the tumour is usually heterogeneous and mildly  
hyperechoic (Fig. 69.9A). Less commonly, it may be hypoechoic 
or anechoic due to central necrosis or haemorrhage. The hepatic 
vessels may be distorted and calcification within the lesion  
may be seen18 (Fig. 69.9B). Involvement of portal lymph nodes and 
intravascular extension may also be identified.

Hepatocellular carcinoma (HCC) is the second most common 
hepatic tumour in childhood after hepatoblastoma, although it is 
the most common over 4 years of age. There are two age peaks in 
childhood: between 4 and 5 years of age and more commonly at 
12–14 years. Pre-existing liver disease (e.g. hepatitis B infection, 
tyrosinaemia, type I glycogen storage disease, haemochromatosis, 
α1-antitrypsin deficiency, familial cholestatic cirrhosis) is present in 
more than half of patients with HCC.16 Pathologically, the tumour 
consists of large pleomorphic, multinucleated cells with variable 
degrees of differentiation. The tumour spreads by vascular and 
lymphatic invasion and is often bilobar, multifocal or extensively 
invasive at presentation, with metastatic disease in at least half of 
patients.17 Abdominal distension and a right upper quadrant mass 
are the most common presenting features. Serum AFP is elevated 
in over two-thirds of patients, with the exception of the fibrolamel-
lar variant of HCC which occurs in adolescents and young adults 
without pre-existing liver disease. In the fibrolamellar variant AFP 
is elevated in only 11%.18 The imaging features of HCC are similar 
to hepatoblastoma, except that calcification is much less common, 
seen in only 10% of cases. The typical sonographic appearance is a 
large, heterogeneous, predominantly hyperechoic mass, but the 
tumour can appear isoechoic or hypoechoic compared with the 
surrounding normal liver tissue. Fibrolamellar HCC has variable 
echogenicity and is commonly solitary and well marginated. A 
central scar and calcification is seen in a high proportion of cases 
(approximately 70%16), but this feature is best appreciated with CT 
or MRI scanning.

years of age and most cases are sporadic. There is an increased 
incidence of hepatoblastoma in children with Beckwith–Wiedemann 
syndrome, hemihypertrophy, familial adenomatous polyposis 
(FAP), renal/adrenal agenesis, neurofibromatosis, Prader–Willi 
syndrome and trisomy 18. Environmental factors associated with 
an increased incidence of this tumour include maternal oral contra-
ceptive use, fetal alcohol syndrome and very low birth weight 
(<1500 g).17 Hepatoblastoma originates from early hepatic progeni-
tor cells and is an embryonal neoplasm composed of malignant 

Figure 69.9 Hepatoblastoma in a 10-month-old who presented with an abdominal mass. Left transverse image (A) shows a large, 
heterogeneous, mildly hyperechoic mass replacing most of the left liver. Coarse punctate calcification with acoustic shadowing is seen in 
the inferior part of the tumour on left longitudinal view (B).

A B

Table 69.4 Differential diagnosis of hepatic masses in 
children (adapted from Donnelly and Bisset15)

Newborn to 5 years:

Hepatoblastoma
Haemangioendothelioma
Mesenchymal hamartoma
Metastatic disease (neuroblastoma, Wilms’ tumour)

Age >5 years:

Hepatocellular carcinoma
Undifferentiated/embryonal sarcoma
Hepatic adenoma
Lymphoma
Metastatic disease

Immunocompromised patients:

Post-transplant lymphoproliferative disorder
Bacterial or fungal abscesses
Metastatic disease

Multiple lesions:

Metastatic disease (neuroblastoma or Wilms’ tumour)
Bacterial or fungal abscesses
Lymphoma or post-transplant lymphoproliferative disease
Adenomas
Cat scratch disease
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hepatis with periportal infiltration or involvement of the biliary tree 
which can cause biliary obstruction.16

Benign hepatic neoplasms
Benign tumours of the liver can be classified according to their 
tissue of origin as mesenchymal (e.g. haemangioma, haemangioen-
dothelioma and mesenchymal hamartoma) or epithelial (e.g. focal 
nodular hyperplasia, adenoma and cysts). In children, mesenchy-
mal tumours are more common than epithelial types.

Haemangioendothelioma is the most common benign hepatic 
tumour seen in childhood and belongs to the group of vasoprolif-
erative lesions that also includes infantile haemangioma, epithe-
lioid haemangioendothelioma and angiosarcoma. These types of 
vascular tumour may be single or multiple and occur in young 
patients – typically under 6 months of age, many in the neonatal 
period. Presentation is with an abdominal mass associated with 
high output cardiac failure related to vascular shunting within the 
tumour and up to 50% of affected neonates will have similar vas-
cular lesions on the skin.20 Some lesions are even detected antena-
tally. These vascular tumours may be complicated by consumptive 
coagulopathy or haemorrhage. The sonographic appearance of hae-
mangioendothelioma is variable and the lesions may be hypoechoic 
or hyperechoic, well defined or diffuse but are typically heterogene-
ous15 (Fig. 69.12A and B). Punctate calcification may be seen. 
Doppler studies demonstrate prominent arterial and venous flow. 
Sometimes multiple lesions are present and the appearance may be 
confused with metastatic disease (Fig. 69.13A and B). Many hae-
mangioendotheliomas and haemangiomas regress spontaneously 
but treatment is indicated if there is cardiac failure or a complication 
that endangers life such as consumptive coagulopathy or respira-
tory compromise. Corticosteroids and α-interferon are used but 
may take several weeks to take effect. Hepatic artery ligation or 
embolisation may be required in the acute situation to control life-
threatening symptoms or when medical treatment fails. Resection 
of localised lesions or liver transplantation are occasionally 
necessary.17

Mesenchymal hamartoma of the liver is a rare, benign, predomi-
nantly cystic liver mass which almost always presents before 2 
years of age, although prenatal diagnosis has been reported.21 The 
lesion consists of a mixture of mesenchymal tissue and bile ducts 
and is often considered to be a developmental abnormality rather 

Figure 69.10 Embryonal sarcoma of the liver in a 14-year-old 
boy who presented with pain and a mass following a minor episode 
of trauma. There is a large, predominantly cystic/necrotic mass 
replacing most of the right liver lobe on ultrasound.

Figure 69.11 Stage IV neuroblastoma in a neonate with diffuse 
liver involvement and hepatomegaly. Right longitudinal ultrasound 
image showing heterogeneous liver echogenicity with an irregular 
liver edge.

Other primary hepatic malignancies are uncommon in children. 
The third most common tumour is undifferentiated embryonal 
sarcoma, which is usually a large, well-defined mass on imaging 
and may have large cystic elements with septations and an appear-
ance similar to a mesenchymal hamartoma (Fig. 69.10). Serum AFP 
is normal and undifferentiated embryonal sarcoma tends to occur 
in a completely different age group, most commonly between 6 and 
10 years of age15 and also in adolescents. Other primary paediatric 
hepatic malignancies include angiosarcoma, rhabdoid tumour, 
endodermal sinus tumour and lymphosarcoma. The most common 
malignancy to arise from the biliary tree in children is the rare 
embryonal rhabdomyosarcoma. (See ‘Biliary dilatation and obstruc-
tion’ section below.)

Treatment of primary liver tumours depends on the tumour type. 
Hepatoblastoma usually shows good response to chemotherapy, 
which helps to decrease tumour size and achieve better resectabil-
ity, although cure is largely dependent on a complete resection of 
the primary tumour. HCC does not usually respond to chemo-
therapy or radiotherapy and complete resection is necessary in 
order to achieve cure. Unfortunately the majority of HCCs in chil-
dren are not primarily resectable, with vascular invasion and lymph 
node or distant metastases at presentation, and a poor prognosis. 
For localised but unresectable malignant tumours orthotopic liver 
transplantation (OLT) may be appropriate and curative.19

Hepatic metastases may appear hypoechoic or hyperechoic on 
ultrasound, or a diffuse infiltrative pattern may be seen (Fig. 69.11). 
There may be evidence of mass effect with displacement of vessels, 
vessel invasion or amputation. Childhood tumours that most fre-
quently metastasise to the liver are Wilms’ tumour, neuroblastoma 
(stage IV and IV-S disease), rhabdomyosarcoma and lymphoma. 
Clinically patients with liver metastases present with hepatomeg-
aly, jaundice, abdominal pain, a palpable mass or abnormal liver 
function tests.

Involvement of the liver is present in up to 50% of children with 
post-transplant lymphoproliferative disease (PTLD). The imaging 
appearances of PTLD are similar to metastatic disease but three 
distinct patterns have been described. There may be discrete  
hypoechoic nodules measuring 1–4 cm; poorly defined infiltrative 
lesions with hepatomegaly; or direct involvement of the porta 
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Figure 69.12 Large haemangioendothelioma of the liver in a neonate who presented with cardiac failure. Greyscale (A) and colour 
Doppler (B) transverse images of the liver show a heterogeneous mass with peripheral vascularity.
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Hepatic adenomas are rare in children but may be associated 
with a pre-existing disorder such as glycogen storage disease types 
I and IV, Fanconi’s anaemia, transfusion associated haemosiderosis, 
Hurler’s disease, severe combined immunodeficiency, galactosae-
mia or FAP. In adults there is a well-established link with the OCP 
and anabolic steroids. They are usually asymptomatic solitary 
lesions discovered incidentally, but may be multiple and consist of 
benign hepatocytes lacking portal or biliary structures and Kuppfer 
cells. They have variable echogenicity on ultrasound and are best 
imaged using MRI, which may demonstrate fibrofatty change, 
haemosiderin deposition or haemorrhage. Due to their small risk 
of malignant transformation or rupture, surgical excision is the 
treatment of choice.19

Hepatic cysts are rare in children. They may be congenital, 
arising from intrahepatic bile ducts that fail to involute, or acquired, 
resulting from inflammation, trauma or parasitic disease. Multiple 
cysts may be seen in association with autosomal dominant  
polycystic kidney disease. Most cysts are detected incidentally  
but some patients present with a mass. Sonographically, cysts are 

than a true neoplasm. The lesion is usually confined to a single lobe 
(more often the right lobe), is often pedunculated and has solid and 
cystic components. It enlarges slowly as serous or mucoid fluid 
accumulates within the cysts and most patients present with an 
abdominal mass or abdominal distension, but are otherwise asymp-
tomatic. Sonographically, large hypoechoic or anechoic multicystic 
masses are seen with thin internal septations. Occasionally they 
appear more solid with multiple smaller cysts and the internal 
septations may be vascular. Treatment is complete surgical resec-
tion. There are rare reports of malignant transformation of mesen-
chymal hamartomas and local recurrence is occasionally seen.17

Focal nodular hyperplasia (FNH) is a benign tumour that may 
be small or large, single or multiple. It is more common in females, 
presenting at any age in childhood but is most frequent in young 
women taking the oral contraceptive pill (OCP). Most patients have 
an asymptomatic liver mass. The lesions are variably echogenic on 
ultrasound (Fig. 69.14), with a central scar typically seen on CT or 
MRI. FNH are not pre-malignant and most are managed conserva-
tively following histological confirmation.

Figure 69.13 Multiple hepatic haemangiomas in a 3-month-old who presented with hepatomegaly and mild cardiac failure. Left (A) 
and right (B) longitudinal ultrasound images showing multiple rounded hypoechoic lesions of varying size and definition throughout most of 
the liver.
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inoculation (e.g. penetrating trauma), contiguous spread from adja-
cent organs such as the lung, or from remote sites via the arterial 
or portal venous route. Immunocompromised children are particu-
larly susceptible to abscesses caused by enteric organisms and 
fungal infection, e.g. Candida albicans and Aspergillus species. 
Patients present with fever, upper abdominal pain and occasionally 
a mass, although infection may be occult in the immunocompro-
mised host. Abscesses are typically hypoechoic sonographically 
(Fig. 69.16), although thick, viscid contents may be isoechoic and 
difficult to detect in the initial stages of infection. Cat scratch disease 
is a granulomatous or suppurative reaction to the organism Bar-
tonella henselae, a Gram-negative bacillus. The usual presentation is 
with fever and regional lymphadenopathy after being scratched by 
a domestic cat. Infection involves the liver in approximately 10% of 
patients, producing multiple small nodular lesions (granulomas) 
ranging from 3 mm to 2 cm in diameter,15,16 although this appear-
ance is non-specific and can be seen in other infectious diseases 
including tuberculosis (TB), and in metastatic disease.

Amoebic liver abscesses are rare, seen in areas where Entamoeba 
histolytica is endemic such as Mexico, western South America, south 
Asia and west and southeastern Africa. In approximately half of 
patients the hepatic abscesses remain small and can be medically 
treated; the other half require percutaneous aspiration or  

typically thin-walled and anechoic (Fig. 69.15). Parasitic cysts are 
generally due to Echinococcus or hydatid disease and are 
uncommon in newborns. Hydatid is endemic in Greece, eastern 
Europe, South America, Australia and South Africa. The cysts  
may be calcified and contain daughter cysts (cyst within a cyst).22

Echogenic liver lesions are often seen in the fetus and neonatal 
follow-up is advised. They are always less than 5 mm in diameter. 
The histology of these has never been confirmed. If they cast a 
shadow they are likely to be calcified and congenital infection is a 
possibility. If not they have been presumed to be haemangiomas. 
They have not been shown to have any postnatal significance. 

Inflammatory masses and abscesses

Inflammatory liver masses and abscesses in children are rare in 
developed countries. They may be related to bacterial, fungal or 
granulomatous infections and may reach the liver by direct  

Figure 69.15 Antenatally detected large, simple liver cyst in 
an asymptomatic 5-week-old.

Figure 69.16 Liver abscess secondary to necrotising 
enterocolitis (NEC) in a neonate. Transverse image showing a 
large, mixed echogenicity, multiloculated/septated mass in the  
right lobe.

Focal hepatic lesions in children

• Primary hepatic neoplasms are rare, representing only 0.5–2% of 
all paediatric malignancy, but primary liver tumours are the third 
most common type of abdominal tumour in children.

• Most children with liver masses present with abdominal distension 
and a palpable mass.

• There are no pathognomonic imaging features to indicate that a 
mass is malignant.

• Hepatoblastoma is the most common primary malignant tumour in 
childhood, predominantly affecting children <3 years of age.

• Hepatocellular carcinoma almost always occurs in children with 
pre-existing liver disease.

• Haemangioendothelioma is the most common benign liver tumour 
in childhood, usually affecting children <6 months of age.

• Wilms’ tumour, neuroblastoma, lymphoma and 
rhabdomyosarcoma may metastasise to the liver in children.

Figure 69.14 Focal nodular hyperplasia in a 14-year-old girl. 
Longitudinal ultrasound image showing a well-defined, 
predominantly hyperechoic mass in the right liver.
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Figure 69.17 Normal portal vein with well-defined echogenic 
wall.

Figure 69.18 Normal portal vein Doppler trace showing mild 
variation in flow with respiration.

complications post liver transplant, such as portal vein thrombosis 
and decreased graft survival.27 Hypoplasia of the portal vein, portal 
vein atresia and stenosis cause obstruction and portal hypertension 
leading to splenomegaly and the development of extrahepatic por-
tosystemic shunts which cause gastrointestinal haemorrhage. Portal 
vein atresia can involve the entire vein or may be localised to the 
portion just proximal to its division at the porta hepatis23 and is 
distinct from congenital absence of the portal vein where the portal 
blood is diverted directly into a systemic vein. Absence of a main 
portal vein branch may be congenital, or caused by atrophy of the 
vein secondary to a pathological process.

Preduodenal portal vein is when the portal vein lies anterior to 
the first part of the duodenum, rather than in its usual posterior 
location. When the portal vein is anterior, it can cause duodenal 
obstruction by compression, or may be associated with intestinal 
malformations such as duodenal web, stenosis or malrotation. Two-
thirds of children with a preduodenal portal vein present in the first 
week of life with symptoms. Other associations include biliary 
atresia, annular pancreas, situs inversus, preduodenal common bile 
duct and cardiovascular malformations.28 Duplication of the portal 
vein is extremely rare, with isolated case reports in the literature.

Portal vein thrombosis may cause partial or total occlusion of 
portal flow. Risk factors associated with portal vein thrombosis 
include exchange transfusions, hypercoagulability states, congeni-
tal portal vein malformations, umbilical vein catheterisation, 
omphalitis, sepsis, trauma, manipulation of the portal vein, malig-
nancy and abdominal operations including splenectomy.29 In some 
cases, an underlying cause cannot be identified. Acute thrombus 
can sometimes be identified on ultrasound, either floating in the 
portal vein lumen or completely occluding it (Fig. 69.19). The vessel 
proximal to the thrombus may be dilated. Collateral vessels start to 
form with ongoing obstruction by thrombus in addition to the 
development of portal hypertension with splenomegaly, hyper-
splenism, ascites and portosystemic shunts that cause gastrointes-
tinal bleeding. Chronic portal vein thrombosis can lead to the 
development of multiple collateral channels within and around a 
stenosed or occluded portal vein, known as cavernous transformation 
of the portal vein. The appearance of the collateral vessels is some-
times referred to as a portal cavernoma. Cavernous transformation of 
the portal vein has been demonstrated on ultrasound as early as 
6–20 days after the thrombotic event,30 and is identified by the 
appearance of an increased number of hypoechoic vascular struc-
tures at and around the porta hepatis which show venous flow on 

surgical drainage because of persistent abdominal pain, sepsis, an 
abscess cavity over 6 cm or one that has ruptured or is at risk of 
rupture.22

Misplaced umbilical venous catheters within the liver can result 
in a hepatic mass related to laceration and haematoma, or to the 
infusion of fluid such as parenteral nutrition into the line. The 
appearances of haematoma within the liver vary depending on  
the age of the haematoma, and some may resemble abscesses. 

Vascular disorders and portal hypertension

The portal vein, formed from the superior mesenteric vein (SMV) 
and splenic vein, is valveless and contributes approximately 75% 
of blood flow to the liver. Its wall is thick, like an artery, and con-
tains a high proportion of collagen and fat which produces an 
echogenic rim on ultrasound23 (Fig. 69.17). On Doppler studies, 
normal portal blood flow is towards the liver (hepatopetal) and the 
flow varies slightly with respiration (Fig. 69.18). Normal portal flow 
increases postprandially. A portosystemic shunt is the diversion of 
portal blood into a systemic vein without the blood passing through 
the liver and may be extrahepatic (e.g. congenital atresia of the 
portal vein) or intrahepatic, resulting from a connection between 
the portal venous system within the liver and either the hepatic 
veins or inferior vena cava.

Congenital absence of the portal vein was first described by 
Abernathy in 1793. In this situation, blood from the SMV and 
splenic vein bypasses the liver and drains into a systemic vein. A 
type I shunt occurs when all portal venous blood is shunted into a 
systemic vein so that there is complete bypass of the liver. In this 
situation the shunt is the only drainage pathway for portal blood. 
A type II shunt occurs when only part of the portal venous flow 
bypasses the liver. Classification of the shunt is important for prog-
nosis and treatment, as type II shunts can be successfully treated by 
banding or occlusion of the shunt whereas type I shunts cannot.24,25 
Congenital absence of the portal vein is associated with other con-
genital abnormalities including cardiac and skeletal anomalies and 
abnormalities of situs. Other liver abnormalities are also associated 
with congenital portal vein absence, e.g. biliary atresia, portal 
hypertension and an increased incidence of primary liver tumours 
such as hepatoblastoma and HCC.26

A hypoplastic portal vein is commonly found in patients with 
biliary atresia and has been linked to an increased incidence of 
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Figure 69.19 Non-occlusive portal vein thrombus in a segment 
II and III reduced liver graft.

Figure 69.20 Portal cavernoma. Greyscale (A) and colour Doppler (B) images showing multiple small collateral vessels at the porta 
hepatis and no normal portal vein in a 13-year-old girl who presented with signs of portal hypertension.
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Doppler studies. The collateral vessels can vary in size from multi-
ple tiny vessels with little detectable flow to large channels with 
turbulent flow (Figs 69.20 and 69.21).

An aneurysm of the portal vein, otherwise (and more correctly) 
known as portal vein varix, is a localised dilatation of the vessel 
which may be intra- or extrahepatic in location. This abnormality 
is rare in children and the aetiology is unknown with both congeni-
tal and acquired theories proposed in order to explain its occur-
rence. These include a congenital weakness of the vessel wall and 
failure of the right vitelline vein to obliterate fully during embryo-
genesis, leaving a diverticulum that leads to a varix of the SMV. 
Complications associated with portal vein varix include duodenal 
or bile duct compression, portal hypertension or rupture.23

Portal hypertension results from an increase in resistance to 
venous flow through the liver. An increase in portal pressure leads 
to splenomegaly and the development of portosystemic collaterals 
(varices) at various sites including the distal oesophagus, anal 

canal, falciform ligament, abdominal wall and retroperitoneum. 
Varices around the porta hepatis can compress the bile ducts  
and cause obstructive jaundice. Portal hypertension can cause 
mucosal oedema in the small intestine leading to malabsorption, 
protein-losing enteropathy and failure to thrive. Portal hyperten-
sion is defined as an increased hepatic venous pressure gradient 
(>5 mmHg), which is the difference between wedged hepatic 
venous pressure (an indicator of portal venous pressure) and free 
hepatic venous pressure. A gradient of >12 mmHg is necessary for 
the development of oesophageal varices. Although the conse-
quences of increased pressure in the portal venous system, i.e. 
splenic enlargement and hypersplenism, ascites, and bleeding 
oesophageal varices, are the same at all ages, the aetiology, appro-
priate management and outcome are quite different in children 
compared with adults. Even when portal hypertension is the result 
of cirrhosis in children, active management with optimisation of 
nutritional state and quality of life, rather than palliation, is the goal 
of treatment.

Aetiologically, portal hypertension is traditionally divided into 
prehepatic, intrahepatic and posthepatic causes depending on the 
anatomical site of obstruction. Prehepatic obstruction results from 
abnormalities of the portal vein such as portal vein thrombosis and 
stenosis. These conditions are relatively unique to the paediatric age 
group and patients generally retain good synthetic function of the 
liver although the manifestations of portal hypertension such as 
variceal haemorrhage and hypersplenism are pronounced. Intrahe-
patic causes of portal hypertension are diverse and include intrinsic 
liver disease (e.g. cirrhosis with its multiple causes and hepatic 
fibrosis) and diseases that primarily affect the venous circulation 
through the liver such as hepatoportal sclerosis, veno-occlusive 
disease and schistosomiasis.31

Veno-occlusive disease (VOD) is the result of toxic insult to the 
sinusoidal endothelium in the liver leading to occlusion of centri-
lobular veins and hepatic venules, sinusoidal congestion and hepa-
tocyte necrosis. In Western countries this is seen after irradiation 
and/or cytotoxic drug injury to the liver32 and there is an increased 
incidence of this disorder in bone marrow transplant recipients. In 
the West Indies, South Africa, India and the Middle East toxins 
found in some foods and herbal teas are associated with the condi-
tion. The clinical features of VOD are rapid onset of painful 
hepatomegaly and ascites, with jaundice. When the disorder is asso-
ciated with bone marrow transplant it usually occurs within one 
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and signs of portal hypertension, progressive cachexia, and variable 
jaundice. Sonographically, there is segmental or lobar atrophy and 
enlargement of the caudate lobe, which is spared because of its 
independent drainage into the IVC. Ascites and splenomegaly are 
seen, together with narrowing, lack of visualisation or thrombus in 
the hepatic veins. Absent, monophasic or reversed flow in the 
hepatic veins and/or IVC may be appreciated on Doppler studies 
and intrahepatic collateral pathways may also be identified.36 (See 
Chapter 12.) 

Neonatal jaundice

Unconjugated bilirubin, which is lipid soluble, is formed from haem 
following breakdown of red blood cells. Because bilirubin is highly 
insoluble in water, it must be converted into a soluble conjugate 
prior to elimination from the body. In the liver, the enzyme uridine 
diphosphate (UDP)-glucuronyl transferase converts bilirubin to a 
mixture of monoglucuronides and diglucuronides, referred to as 
conjugated bilirubin, which is then secreted into the bile by an ATP-
dependent transporter. Unconjugated hyperbilirubinaemia is a 
normal physiological event that occurs in up to 50% of normal full-
term infants and a higher percentage of premature infants, causing 
transient jaundice 3–5 days after birth. This is physiological and due 
to mildly elevated bilirubin levels from breakdown of haemoglobin 
(newborn infants are relatively polycythaemic) and immaturity of 
hepatic enzyme glucuronosyl transferase. In general, physiological 
jaundice peaks on day 3 of life, but may persist for as long as 2 
weeks and can last longer in breastfed infants.

A small proportion of patients with physiological jaundice have 
more than mildly elevated unconjugated hyperbilirubinaemia and 
require treatment to reduce the bilirubin level because unconju-
gated bilirubin is neurotoxic. Elevated serum levels can cause brain 
damage or kernicterus as a result of bilirubin binding to specific 
parts of the brain, e.g. the basal ganglia. This can cause a severe 
movement disorder (choreoathetosis), learning disability, deafness 
or even death. Therefore, if the bilirubin reaches a critical level these 
infants are treated with phototherapy or even exchange transfusion 
to prevent complications. Other causes of pathologically elevated 
blood levels of unconjugated bilirubinaemia are haemolysis, sepsis, 
systemic disease, inherited enzyme defects, hypothyroidism, 
pyloric stenosis and dehydration.37 There is no role for imaging in 
determining the cause of unconjugated hyperbilirubinaemia.

month of grafting. The diagnosis is made clinically, supported by 
ultrasound findings which may include slow or reversed (hepatofu-
gal) portal venous flow, decreased or reversed diastolic flow in the 
hepatic artery and an increase in hepatic artery resistive index (RI 
≥0.75), monophasic flow in the hepatic veins, thickening of the 
gallbladder wall (≥6 mm), as well as hepatomegaly and ascites.33 
Treatment is mostly supportive, although defibrotide, a drug  
with antithrombotic and thrombolytic properties, has been  
shown to improve outcome if treatment is started early in  
the course of the disease.34

Posthepatic causes of portal hypertension include hepatic venous 
obstruction and cardiac or chronic constrictive pericardial disease. 
Congenital webs in the hepatic veins or inferior vena cava may 
obstruct blood flow.35 The Budd–Chiari syndrome refers to the 
clinical manifestations of hepatic venous obstruction at any level 
from the small hepatic veins to the junction of the IVC and right 
atrium, regardless of cause. Thrombosis of the hepatic veins is 
usually due to an underlying hypercoagulable state or myelopro-
liferative disorder and is rare in children, occurring most commonly 
in young adults. Clinical features in children are similar to those in 
adults with the development of hepatomegaly, ascites, symptoms 

Vascular disorders and portal hypertension in children

• Portal vein atresia, hypoplasia and stenosis are rare congenital 
abnormalities that may cause portal hypertension in childhood.

• Portal vein thrombosis is an important cause of portal 
hypertension in childhood.

• A portal cavernoma refers to the collateral vessels that develop 
following portal vein thrombosis.

• The aetiology, management and outcome of portal hypertension in 
childhood is different to that in adults, with most complications in 
children actively managed, even if the underlying cause is 
cirrhosis.

• A diagnosis of veno-occlusive disease may be supported by 
ultrasound findings of slow or reversed portal flow, dampened 
hepatic venous flow, increased hepatic artery RI and gallbladder 
thickening.

• The Budd–Chiari syndrome is rare in children, with identical 
imaging features to adults.

Figure 69.21 Portal cavernoma. Greyscale (A) and colour Doppler images showing multiple collateral vessels at the porta hepatis in a 
5-month-old who presented with signs of portal hypertension. The left and right intrahepatic portal vein branches were not identified at 
ultrasound.
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Non-specific signs of parenchymal disease may be identified such 
as an enlarged liver, increased parenchymal echogenicity and signs 
of reduced hepatic compliance on Doppler studies, including raised 
hepatic arterial RI and dampened hepatic venous waveform. The 
final diagnosis is made by other means – usually blood tests and 
liver biopsy.

The most common causes of conjugated hyperbilirubinaemia in 
neonates are: NHS, extrahepatic biliary atresia (EHBA) and choledo-
chal cyst (CDC). Distinguishing between these is very important 
because NHS is managed medically whilst EHBA and CDC require 
surgery. It is particularly important to diagnose EHBA early, in 
order that surgical intervention is successful in establishing bile 
flow. Delayed diagnosis leads to progressive biliary cirrhosis 
requiring transplantation.

Surgical causes of neonatal jaundice

Extrahepatic biliary atresia

Extrahepatic biliary atresia (EHBA) is the most important condition 
to distinguish from other causes of prolonged conjugated hyperbi-
lirubinaemia in the neonatal period because it requires early surgi-
cal intervention to prevent biliary cirrhosis. EHBA is the cause of 
liver disease in approximately 20% of infants presenting with pro-
longed conjugated hyperbilirubinaemia.41 Infants with EHBA have 
an obstructive jaundice due to an obliterative inflammatory process 
that results in progressive destruction of the extrahepatic bile ducts, 
with scarring, obliteration and damage to small and medium-sized 
intrahepatic ducts. Untreated, it leads to progressive biliary cirrho-
sis, failure to thrive and death within 2 years. EHBA is found in all 
racial groups, worldwide, and is the leading indication for liver 
transplant in childhood. The overall incidence of this disorder is 
approximately 1 in 10 000–15 000 neonates42 with an incidence of 1 
in 16 700 live births in the UK and Ireland.43 The aetiology is 
unknown although proposed mechanisms include perinatal viral 
infections, ischaemic or immune-mediated insult to the biliary 
tree.44 The time of onset is variable, but most affected infants are 
jaundiced from birth.

There are three main subtypes of EHBA as classified by Kasai.45 
Type 3 is the most common type (90%) and all the extrahepatic 
ducts are affected. In type 2 (2%) the common hepatic duct (CHD) 
is affected and the right and left hepatic ducts remain patent; type 
2a has obliteration of the CHD only and type 2b obliteration of the 
CHD, cystic duct and CBD. In type 1 EHBA only the CBD is affected; 
this is the most easily correctable, but applies to only 8% of all 
patients with EHBA (Fig. 69.22).

Although ultrasound is a mandatory investigation in infants with 
prolonged conjugated hyperbilirubinaemia, it does have limita-
tions. The role of ultrasound is not to distinguish between NHS and 
EHBA, but to rule out other causes of cholestasis, especially other 
surgical causes such as choledochal cyst. However, ultrasound may 
give clues to the diagnosis of EHBA. The liver size may be normal 
or increased in both NHS and EHBA, and the parenchyma may 
have normal or increased echogenicity. The intrahepatic bile ducts 
are not usually dilated in either condition. The main differences are 
that in EHBA the gallbladder is usually small or absent (90%), 
measuring <15 mm in length46 (Fig. 69.23), whereas in NHS it may 
be small, normal or enlarged. It is important to ensure that the 
patient is adequately fasted in order to examine the gallbladder and 
it can also be helpful to use a high-frequency linear ultrasound 
probe to look for a small gallbladder. Furthermore gallbladder con-
tractility usually occurs in NHS, but not in EHBA. Sonographic 
evidence of a bile duct remnant at the porta hepatis, the ‘triangular 
cord sign’, has been evaluated as being a sensitive and specific 
indicator of EHBA in patients with prolonged conjugated 
hyperbilirubinaemia.47–49 The triangular cord sign consists of a focal 
echogenic triangular, tube-shaped or ovoid area measuring more 
than 4 mm, just cranial to the portal vein bifurcation, and has been 
shown to represent a cone-shaped mass of fibrous tissue replacing 

Prolonged neonatal jaundice and conjugated 
hyperbilirubinaemia
Not all babies with jaundice in the neonatal period have benign 
physiological jaundice and even amongst health professionals, neo-
natal jaundice is often assumed to be completely harmless. Diseases 
that reduce the rate of secretion of conjugated bilirubin into the bile 
or the flow of bile into the intestine produce a mixed or predomi-
nantly conjugated hyperbilirubinaemia due to reflux of conjugates 
back into the plasma. Conjugated bilirubinaemia nearly always 
reflects hepatic dysfunction. This can be due to many different 
disorders, both surgical or medical, and long-term outcome depends 
on the underlying cause.

The true incidence of infantile jaundice in the UK is unknown, 
but it has been suggested from previous studies that between 2% 
and 15% of neonates will remain jaundiced after 14 days of age.38 
The current recommendation is that jaundice in any infant persist-
ing beyond 2 weeks of age should be investigated (>3 weeks in 
preterm babies). Initially, it must be determined whether this is due 
to conjugated or unconjugated hyperbilirubinaemia. If the level of 
conjugated bilirubin constitutes >20% of the total, and/or total 
bilirubin is >200 µmol/L, the child should be referred promptly to 
a paediatrician for further investigation.39 However, the number 
that require investigation is relatively small and only 0.2–0.4% of 
jaundiced infants >14 days of age will have cholestatic jaundice due 
to a medical or surgical condition.38 Investigations may include 
blood tests, ultrasound, hepatic scintigraphy, liver biopsy and more 
invasive imaging investigations to determine patency of the biliary 
system. The numerous medical causes of neonatal conjugated 
hyperbilirubinaemia are collectively referred to as the neonatal 
hepatitis syndrome (NHS). NHS is a non-specific inflammatory 
disorder of the neonatal liver that develops secondary to a variety 
of causes including intrauterine infection, endocrine disorders, 
metabolic defects and familial cholestasis syndromes.

Causes of neonatal conjugated 
hyperbilirubinaemia40

1. Congenital infection – e.g. TORCH infections (toxoplasmosis, 
rubella, cytomegalovirus, herpes viruses), syphilis, hepatitis 
A, B or C, human immunodeficiency virus (HIV), parvovirus 
B19, enteric viral sepsis (echoviruses, Coxsackie A and B, 
adenoviruses)

2. Genetic syndromes – trisomies 18 and 21, cat eye syndrome
3. Endocrine disorders – hypopituitarism, hypothyroidism
4. Metabolic disorders – α1-antitrypsin deficiency, cystic fibrosis 

(CF), galactosaemia, hereditary fructosaemia, tyrosinaemia, 
glycogen storage disease type IV, Niemann–Pick types A and 
C, Wolman’s disease, disorders of bile acid synthesis, Byler’s 
disease, Zellweger’s syndrome

5. Immune disorders – neonatal lupus erythematosus, neonatal 
hepatitis with autoimmune haemolytic anaemia, neonatal 
haemochromatosis

6. Duct paucity syndromes – Alagille’s syndrome, non-
syndromic duct paucity

7. Structural disorders of the biliary system – extrahepatic 
biliary atresia, choledochal cyst and Caroli’s syndrome, 
neonatal sclerosing cholangitis, spontaneous perforation of the 
common bile duct, inspissated bile syndrome, hair-like bile 
duct syndrome.

Ultrasound in the neonatal hepatitis  
syndrome (NHS)
Ultrasound has a limited role early on in the investigation of 
neonates with conjugated hyperbilirubinaemia caused by NHS. The 
main reason for performing ultrasound is to exclude some surgical 
causes and biliary dilatation, but often the examination is normal. 
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porta hepatis behind the portal vein bifurcation. The exposed patent 
bile ducts are then anastomosed to a Roux-en-Y bowel loop to 
re-establish bile drainage. The operation needs to be performed 
early, ideally less than 6 weeks of age. After 100 days the outcome 
is much poorer.43,52 For infants that present late, the Kasai portoen-
terostomy is usually tried unless there are signs of established 
portal hypertension, in which case transplantation is the only suit-
able treatment option. The success of the operation is variable and 
long-term complications of the Kasai portoenterostomy include 
ascending bacterial cholangitis, the metabolic and nutritional con-
sequences of cholestasis, intrahepatic cyst formation, hepatopulmo-
nary syndrome and pulmonary hypertension, cirrhosis with portal 
hypertension and occasionally malignant change in the liver.31 All 
patients require regular follow-up including serial ultrasound scan-
ning for monitoring, and most patients with EHBA eventually 
require transplantation.

Choledochal cysts

Choledochal cysts (CDC) are congenital, localised dilatations of the 
bile ducts. Overall, they are rare, with an incidence of approxi-
mately 1 in 100 000 live births in Western countries but are more 
common in people from East Asia and in girls (F : M, 3 : 1). More 
than two-thirds are diagnosed before 10 years of age and antenatal 
detection, from 15 weeks gestation, is increasing. Infants typically 
present with obstructive jaundice (approximately one-third of all 
cases), and older children with abdominal pain and sometimes 
intermittent jaundice. The classic triad of jaundice, pain and abdom-
inal mass is uncommon.16 CDC may be complicated by stones, 
infection, rupture, biliary cirrhosis, pancreatic disease, portal 
hypertension or malignant change.

CDC can be classified into five types.53 Type I is a cystic or fusi-
form dilatation of the common bile duct (CBD). This is the most 
common type, accounting for over 70% of all cases. Type II is a 
diverticulum of the CBD (approximately 2%) and type III is a 
choledochocele involving the intraduodenal part of the distal CBD 
(1–5%). The type IV cyst is subdivided into type IVA, which is the 
second most common type consisting of multiple intra- and extra-
hepatic cystic dilatations, and type IVB where there are multiple 
extrahepatic cystic dilatations only. The type V cyst or Caroli’s 
disease consists of single or multiple cystic dilatations of the intra-
hepatic bile ducts. Classification of types IV and V is controversial 
and they are considered by some authors to be separate disorders 
entirely (Fig. 69.25).

The cause of CDC is unknown but two main aetiological theories 
exist. The first is that they may represent an acquired weakness of 
duct wall, as CDCs are frequently associated with an abnormal 
junction between distal CBD and pancreatic duct, where the ducts 

the bile ducts.50 Other abnormalities are seen in 10–20% of patients 
with EHBA; these include polysplenia, azygos continuation of the 
IVC, anomalous hepatic arteries, preduodenal portal vein, abnor-
malities of situs and diaphragmatic, renal or cardiac abnormalities, 
and are often referred to as the ‘biliary atresia–splenic malformation 
syndrome’51 (Fig. 69.24A and B). Liver biopsy is the most useful 
investigation in making the diagnosis of EHBA, although ultra-
sound remains a mandatory part of the investigative pathway. 
Hepatic scintigraphy helps to separate medical causes of  
conjugated hyperbilirubinaemia from EHBA, but ultimately the 
final diagnosis rests on liver biopsy and intraoperative 
cholangiography.

The treatment of EHBA is the Kasai portoenterostomy, which 
serves to restore bile drainage. The operation consists of dissection 
of the diseased bile ducts and fibrous tissue with excision at the 

Figure 69.22 The different types of extrahepatic biliary atresia (EHBA). (Modified from http://emedicine.medscape.com/
article/366004-overview; accessed 18/09/2009.)

Type III - all the
extrahepatic ducts are
affected. This is the
most common type

Gallbladder

Duodenum

Type IIb - obliteration
of  the common hepatic
duct, cystic duct and
common bile duct

Cystic duct

Type IIa - obliteration
of  the common hepatic
duct only

Right hepatic
duct Left hepatic

duct

Right hepatic
duct Left hepatic

duct
Common

hepatic duct
Common
bile duct

Type I - only the distal
common bile duct is
affected. This is the most
easily correctable type

Common
hepatic duct

Common
bile duct

A B C D

Figure 69.23 Ultrasound of the gallbladder in a patient with 
EHBA. The gallbladder is abnormally small (length 6 mm) and 
undistended despite an adequate fast. It was not identified using a 
lower-frequency curvilinear probe.

http://emedicine.medscape.com/article/366004-overview;
http://emedicine.medscape.com/article/366004-overview;
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entry of the CBD into the duodenum, that may predispose to inspis-
sated bile syndrome (IBS).

Ultrasound shows dilatation of the intrahepatic or extrahepatic 
bile ducts that contain moderately echogenic material without 
acoustic shadowing or highly echogenic foci with acoustic shadow-
ing. Similar contents may be seen in the gallbladder which itself 
may be contracted and thick-walled (Fig. 69.29A and B). IBS can be 
distinguished from EHBA on ultrasound because EHBA lacks 
biliary dilatation. The definitive investigation is PTC, which can be 
therapeutic. Irrigation may sometimes be achieved with ERCP. 
Laparotomy with opening and wash-out of the CBD may be neces-
sary. Medical treatment with ursodeoxycholic acid or cholecystoki-
nin (CCK) may obviate the need for surgery.31

Spontaneous perforation of the common bile duct

Spontaneous perforation of the CBD in infancy is a rare but impor-
tant surgical cause of conjugated hyperbilirubinaemia. Affected 
infants present at 2–4 weeks of age with acute onset of abdominal 
distension, jaundice and acholic stools, sometimes accompanied by 
irritability and vomiting. Bilious ascites may stain the scrotum, 
hernias, hydroceles and umbilicus. There is typically no preceding 
history of jaundice in contrast to other causes, although occasion-
ally the onset of obstructive jaundice may be insidious, mimicking 
CDC or EHBA.

The cause of this condition is unknown but perforation always 
occurs at the junction of the cystic duct and CBD, and is usually 
described as ‘punched out’, suggesting a congenital weakness.59,60 
Biliary sludge or stricture are often associated but these findings 
may be secondary to perforation rather than the primary cause of 
obstruction leading to a sudden elevation of biliary pressure.61 
Ultrasound may show a complex mass or ‘pseudocyst’ at the porta 
hepatis which can mimic an infected or perforated CDC (Fig. 
69.30A). Inflammatory reaction may cause distal CBD stricture with 
dilatation of intrahepatic ducts. Generalised ascites sometimes con-
taining echogenic debris or fine septations may be present, and 
gallbladder or distal CBD sludge or stones may be seen.62 Nuclear 
scintigraphy may be non-excreting but can show localised or gen-
eralised leak into peritoneal cavity (Fig. 69.30B). Operative cholan-
giogram is confirmatory and the treatment is surgical repair of the 
defect; however, accurate preoperative and operative diagnosis is 
extremely important, both to confirm the leak and to exclude distal 
obstruction or a pancreaticobiliary malformation.

unite outside the duodenal wall and have a long common channel. 
This causes some degree of obstruction and encourages reflux of 
pancreatic juice into the bile duct, which may weaken the duct wall, 
and could also predispose to the development of malignancy in 
adulthood.54 An abnormal CBD–pancreatic duct union is seen most 
commonly in CDC types I and IVA. The second theory is that duct 
dilatation occurs secondary to CBD obstruction, e.g. stricture.55 
Genetic factors may play a part. However, familial CDCs are rare 
and twin studies have not identified any clear genetic predisposi-
tion.56 CDC and biliary atresia occasionally coexist in neonates.57

Sonographically, a spectrum of abnormalities is seen in patients 
with CDC. The main role of ultrasound is to define the biliary 
anatomy and look for associated parenchymal or vascular abnor-
malities. CBD dilatation is defined as >2 mm in infants and >3.5 mm 
in older children. A well-defined, fluid-filled cyst may be seen at 
the porta hepatis separate from the gallbladder (Fig. 69.26), and this 
may contain stones or debris (Fig. 69.27). Intrahepatic duct dilata-
tion is usually limited to the central portions of the left and right 
main hepatic ducts (Fig. 69.28). Further imaging with magnetic 
resonance cholangiopancreatography (MRCP), endoscopic retro-
grade cholangiopancreatography (ERCP) or percutaneous transhe-
patic cholangiogram (PTC) to confirm the biliary origin and 
anatomy preoperatively may be required; or operative cholangi-
ogram if these are not available or are inconclusive. Hepatic scin-
tigraphy may be used to confirm communication of the cyst with 
the biliary tract but anatomical detail is limited. The treatment of 
CDC is radical excision and hepaticoenterostomy to reduce the 
incidence of complications, but patients require long-term follow-up 
postoperatively as they remain at increased risk for development 
of anastomotic stricture, cholangitis, progressive biliary cirrhosis 
and adhesive bowel obstruction.

Inspissated bile syndrome

Bile duct obstruction in the neonatal period or early infancy caused 
by sludge, gallstones or plugs of thickened bile typically occurs in 
patients with a history of perinatal complications often related to 
prematurity or sepsis, or those that have undergone intestinal resec-
tion or stoma formation. Other predisposing factors include 
parenteral nutrition, haemolysis, phototherapy, dehydration or 
diuretic treatment.38,58 Rarely, an underlying congenital structural 
biliary abnormality is found at cholangiography, e.g. abnormal 

Figure 69.24 Biliary atresia–splenic malformation syndrome. Midline transverse (A) and right longitudinal (B) ultrasound images in a 
patient with EHBA, situs inversus, right-sided polysplenia and azygos continuation of the IVC. Note the right-sided stomach.

A B
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Biliary hypoplasia and Alagille’s syndrome

Biliary hypoplasia is characterised by a very small, but visible and 
patent extrahepatic biliary ductal system and is a manifestation of 
a variety of hepatobiliary disorders causing neonatal hepatitis, e.g. 
α1-antitrypsin deficiency, Alagille’s syndrome and non-syndromic 
paucity of the intrahepatic bile ducts. The diagnosis is made at 
surgical exploration for neonatal conjugated hyperbilirubinaemia. 
The prognosis is variable, depending on the primary disease, and 

Figure 69.25 Types of choledochal cyst (CDC). (Modified from 
http://emedicine.medscape.com/article/366004-overview; accessed 
18/09/2009.)
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Figure 69.26 Todani type I choledochal cyst in a neonate with 
conjugated hyperbilirubinaemia. Right transverse ultrasound image 
showing a 4 cm, well-defined cyst at the porta hepatis, anterior to 
the portal vein.

Figure 69.27 Todani type IVA choledochal cyst in a neonate 
with conjugated hyperbilirubinaemia. Right longitudinal ultrasound 
image showing a 24 × 28 mm cyst at the porta hepatis, containing 
debris.

Neonatal jaundice

• Unconjugated hyperbilirubinaemia is a normal physiological event 
that occurs in up to 50% of term infants.

• Prolonged neonatal jaundice (>2 weeks of age) should be 
investigated.

• Conjugated hyperbilirubinaemia almost always reflects hepatic 
dysfunction.

• The neonatal hepatitis syndrome (NHS) refers to the numerous 
medical causes of conjugated hyperbilirubinaemia.

• The most common causes of conjugated hyperbilirubinaemia are 
NHS, EHBA and CDC.

• The role of ultrasound in neonatal conjugated hyperbilirubinaemia 
is limited, but it helps to rule out some surgical causes such as 
CDC and cholelithiasis or sludge causing biliary obstruction.

• In EHBA a good prognosis depends on early operative treatment 
to re-establish bile flow and prevent progressive biliary cirrhosis.

http://emedicine.medscape.com/article/366004-overview;
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Figure 69.28 Todani type IVA choledochal cyst. Transverse 
ultrasound in a 14-year-old with recurrent abdominal pain and 
jaundice showing dilatation of the left and right intrahepatic ducts.

Figure 69.29 Inspissated bile syndrome in a neonate on parenteral nutrition. Images of the gallbladder from two different 
ultrasound examinations. The gallbladder is thick-walled and contains echogenic material (A). One week later, the gallbladder is filled with 
echogenic sludge and casts an acoustic shadow (B).

A B

cannot be improved by surgical procedures. Alagille’s syndrome, 
also known as syndromic bile duct paucity or arteriohepatic dysplasia, 
is an autosomal dominant disorder with low penetrance. In this 
condition, bile duct hypoplasia/paucity is found on liver biopsy in 
association with cardiac, facial, ocular and skeletal abnormalities 
(Fig. 69.31). Patients usually present in the first 3 months of life 
but may be diagnosed in older children with persistent cholestatic 
jaundice and even in adults after diagnosis in a related child.63 

Jaundice in older children

The multiple causes of jaundice in infants beyond the neonatal 
period and in older children can be broadly divided into two cat-
egories: primary diseases of the hepatocytes, and obstructive 
causes. (See sections on diffuse parenchymal disease above, and 
biliary dilatation and obstruction, below.)

Biliary dilatation and obstruction
Biliary dilatation with obstruction in children may be seen in asso-
ciation with cholelithiasis, in IBS in neonates (see ‘Inspissated bile 
syndrome’ section above), with benign strictures of the biliary 
system, and in malignant disease of the biliary system. Presenting 
symptoms in children with CDC are variable but the typical pres-
entation is with obstructive jaundice, occasionally with sludge or 
stone formation in the biliary system. Isolated, benign bile duct 
strictures in children may occur following trauma, surgery, radio-
therapy or spontaneous perforation of the CBD64 or may be idio-
pathic.65 Multiple biliary strictures are seen in patients with 
sclerosing cholangitis, and following ischaemic injury to the bile 
ducts, e.g. post transplantation.

Bile duct tumours
Although uncommon, a tumour arising from the bile ducts should 
always be considered in the differential diagnosis of a child present-
ing with painless obstructive jaundice. Malignant bile duct tumours 
are more common than benign lesions in childhood, with rhab-
domyosarcoma being the most common primary biliary tumour in 
children. Most tumours are found in the extrahepatic biliary tree 
and pre-school age children are predominantly affected. Presenta-
tion is usually with obstructive jaundice, often accompanied by 
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Figure 69.30 Spontaneous perforation of the common bile duct (CBD) in a neonate who presented with poor feeding, jaundice and 
abdominal distension. Ultrasound (A) shows a cyst at the porta hepatis; free intraperitoneal fluid was also demonstrated. Hepatobiliary 
iminodiacetic acid (HIDA) scan (B) showed a bile leak with accumulation of tracer at the porta hepatis (large arrows) and within the 
peritoneal cavity (small arrows). Perforation of the CBD at its junction with the cystic duct was confirmed at laparotomy. (Images courtesy 
of Dr A. Paterson, Royal Belfast Children’s Hospital.)
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weight loss, abdominal pain and fever. Biliary rhabdomyosarcomas 
arise most frequently at the porta hepatis, and involve the cystic 
duct. Ultrasound typically shows intra- and extrahepatic biliary 
dilatation and solid material within the bile ducts which does not 
cast an acoustic shadow. Biliary rhabdomyosarcoma can be misdi-
agnosed as choledochal cysts or cholelithiasis, unless it is recog-
nised that the biliary system contains solid material (Fig. 69.32A and 
B). Histologically they are embryonal or botryoid tumours which 
are locally invasive, and approximately 20% of children have metas-
tases at presentation.66 Carcinoma may arise in the biliary tract of 
patients with untreated or residual (incompletely resected) choledo-
chal cysts although the youngest reported case is a patient of 17 
years of age.67

Figure 69.31 Alagille’s syndrome. Thoracic spine radiograph 
showing several ‘butterfly’ vertebrae, a characteristic skeletal 
manifestation of the syndrome.

Figure 69.32 Biliary rhabdomyosarcoma in a 20-month-old referred with a diagnosis of probable choledochal cyst. Ultrasound (A) 
shows marked dilatation of the common bile duct. The intrahepatic ducts were also dilated and there was a 4 cm diameter soft tissue 
mass in the duodenum. CT scan (coronal reconstruction) performed for staging purposes demonstrates all of these abnormalities together 
with marked duodenal dilatation (B). At surgery the tumour was found to arise from the distal CBD/sphincter of Oddi and was projecting 
into the duodenum.

A B

Jaundice in older children

• Jaundice outside the neonatal period may be caused by 
hepatocellular disease or biliary obstruction.

• Overall, bile duct tumours are rare in children but malignant bile 
duct tumours occur more commonly than benign tumours.

• Gallbladder disease in children including cholelithiasis is increasing 
in incidence; this is probably due to dietary changes, increased 
use of parenteral nutrition and better detection using ultrasound.

• Risk factors for the development of gallstones in children include 
biliary stasis, excess bilirubin load (e.g. haemolysis), and lithogenic 
bile.

• Children who have undergone ileal resection, or who have ileal 
Crohn’s disease or CF are at an increased risk of developing 
gallstones.
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echogenic and may or may not cast an acoustic shadow (Fig. 69.33). 
Although spontaneous resolution of gallstones is reported in some 
infants, the likelihood of this occurring in older children is low and 
they remain at risk of developing complications such as biliary 
obstruction and gallstone pancreatitis. Cholecystectomy is indi-
cated in symptomatic patients with gallstones, but the perceived 
benefit of elective cholecystectomy needs to be considered together 
with the risks of surgery in asymptomatic patients. 

Gallbladder hydrops and  
acalculous cholecystitis

Gallbladder hydrops and acalculous cholecystitis are probably 
manifestations of the same disease entity but represent different 
points on a spectrum of symptoms and clinical signs. Acute disten-
sion of the gallbladder with wall oedema (hydrops) in the absence 
of any other biliary tract disease or an inflammatory component is 
rare but has been reported in association with sepsis and hypovol-
aemic states including Kawasaki disease, severe diarrhoea with 
dehydration, hepatitis, scarlet fever and mesenteric adenitis. In this 
condition it is thought that bile stasis leads to functional obstruction 
of the cystic duct. The diagnosis is suspected in patients with a 
palpable, non-tender or mildly tender right upper quadrant mass 
that is subsequently confirmed to be the gallbladder with ultra-
sound. Secondary infection of a distended, hydropic gallbladder 
resulting from invasion of the gallbladder wall by organisms in the 
bile produces the clinical symptoms and signs of acalculous chole-
cystitis. In Western countries, acalculous cholecystitis may develop 
after shock, systemic sepsis, trauma, cardiac surgery, burns, Salmo-
nella infection or in patients on parenteral nutrition. Many of these 
are patients receiving intensive care and initially the diagnosis may 
be occult. Clinical features include abdominal pain, vomiting, fever 
and localised right upper quadrant tenderness over the gallbladder 
which may be palpable. Patients typically have a raised white cell 
count and inflammatory markers. Ultrasound shows a markedly 
distended, thick-walled gallbladder, often containing echogenic 
debris. Patients are managed with intravenous fluid and antibiotics 
and bowel rest. Cholecystectomy or cholecystotomy are indicated 
in patients who fail to respond to conservative management and 
continue to deteriorate clinically.31,70

Gallbladder wall lesions

Polypoid lesions of the gallbladder, projecting from the wall into 
the lumen, are rare in children compared with adults, in whom 
neoplastic lesions account for up to 15% of all lesions.72 At any age, 
the differential diagnosis includes an adherent gallstone, sludge 

Benign tumours of the biliary tracts include inflammatory 
‘pseudo-tumours’, papillomas and granular cell tumours. All are 
rare in children and require surgical excision following histological 
confirmation.

GALLBLADDER

Normal appearances in children and 
congenital variants

The normal gallbladder can always be identified using ultrasound, 
provided the patient has been adequately fasted. There is a wide 
range of gallbladder size in childhood, and measurements of gall-
bladder width and length are of limited use in the evaluation of 
gallbladder pathology. In neonates and infants the gallbladder 
measures 1.3–3.4 cm in length (mean 2.5 cm), and 0.5–1.2 cm in 
width (mean 0.9 cm). In children aged 2–16 years gallbladder length 
ranges from 2.9 to 8 cm (mean 5 cm), and width 1 to 3.2 cm (mean 
1.8 cm).68 The normal gallbladder wall is thin, well defined and 
hyperechoic with a maximum wall thickness of 3 mm.68 Folds in the 
gallbladder, particularly at the junction of the gallbladder neck and 
body, can produce an acoustic shadow giving the impression of 
stones, a septum or dilated CBD. The ‘phrygian cap’ appearance is 
produced by folding of the gallbladder fundus. Folds should be 
easily differentiated from pathology by scanning in multiple planes.

Agenesis of the gallbladder is very rare and may be associated 
with biliary atresia. Ectopic gallbladder may be found in the left or 
right retrohepatic space, suprahepatic space, within the liver itself 
or rarely, elsewhere in the abdomen.69 In gallbladder duplication, 
the gallbladder lumen is divided by a partition, with each compart-
ment having a separate cystic duct. Less commonly the gallbladder 
may be bilobed, with a single cystic duct. Triple and quadruple 
gallbladders are also described.70 Septated gallbladders contain a 
variable number of thin septations, which may be partial or com-
plete and are associated with stasis and stone formation.69

Cholelithiasis and gallbladder disease

Gallbladder disease in children is being diagnosed with increasing 
frequency. This is most likely due in part to dietary changes in 
developed countries, an increased incidence of gallbladder disease 
associated with parenteral nutrition in infancy, and the widespread 
use of ultrasound. The incidence of gallstones in children varies 
according to geographic location and age, and is variably quoted in 
the literature from 0.5% of neonates in Germany and 0.13–0.2% of 
infants and children in Italy to less than 0.13% of children in Japan.31 
Most studies show a bimodal distribution with a small peak in 
infancy and a steady rise in incidence from early adolescence 
onwards. In childhood, boys and girls are equally affected but in 
adolescence girls are more often affected, with other risk factors 
such as obesity in common with adult cholelithiasis. In children, the 
main risk factors associated with the development of biliary sludge 
or gallstones are biliary stasis (e.g. parenteral nutrition, fasting, 
impaired gallbladder emptying, immobilisation and cholestatic 
liver disease per se), excess bilirubin load (e.g. haemolytic disor-
ders), and an increased tendency to develop stones due to the 
nature of the bile or lithogenic bile, which occurs in conditions such 
as cystic fibrosis and when bile composition is altered iatrogenically 
or secondary to a pre-existing disorder.71 Patients who have under-
gone ileal resection or have ileal Crohn’s disease have a tendency 
to develop gallstones, most likely due to a reduction in the normal 
recirculation of bile salts, which are usually absorbed in the ileum. 
This leads to a relative bile salt deficiency, incomplete solubilisation 
of unconjugated bilirubin and calcium bilirubinate stones.

Clinical suspicion of gallstones is easily confirmed on ultrasound 
following an appropriate fast. Gallstones are mobile and cast an 
acoustic shadow, whatever their composition. Biliary sludge is 

Figure 69.33 Echogenic sludge in the gallbladder.
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Complications after liver transplantation may involve the liver 
parenchyma, vasculature, bile ducts and perihepatic space. Altera-
tion in the route of the graft vessels, problems associated with small 
vessel anastomoses (e.g. anastomotic breakdown, thrombosis or 
stenosis) and increased abdominal pressure due to intestinal and 
mesenteric oedema, or sheer size of the graft can result in vascular 
compromise and threaten graft viability. The normal liver trans-
plant has a homogeneous or slightly heterogeneous appearance, 
whilst marked heterogeneity, especially reduced echogenicity of 
one or more segments raises the possibility of ischaemic injury. 
Some degree of periportal echogenicity or oedema is typical in the 
first week post-transplantation but usually resolves over time (Fig. 
69.35). There is also normally a small amount of free fluid in the 
subhepatic space and remainder of the upper abdomen postopera-
tively. Fluid collections along the cut edge of the graft may represent 
serous fluid, haematoma or bile collections and should be moni-
tored for size on follow-up studies, as they can become infected or 
increase in size and require percutaneous drainage.

Patency of the main graft vessels (and the segmental branches if 
required by the transplant surgeon) should be confirmed with 

ball or blood clot, so the fixed nature of the mass should be con-
firmed on serial ultrasound scans. Most children reported to have 
gallbladder polyps are asymptomatic and pathology is variable, 
including adenomas, epithelial hyperplasia, gastric heterotopia and 
cholesterol polyps which may be associated with cholesterolosis of 
the gallbladder and have no malignant potential.73 In adults, adeno-
mas can be complicated by the development of carcinoma in situ 
or adenocarcinoma.74 Three conditions are known to be associated 
with the development of gallbladder polyps in children: metachro-
matic leukodystrophy, Peutz–Jeghers syndrome and pancreatico-
biliary mal-union with choledochal cyst formation.73 Metachromatic 
leukodystrophy is an inherited neurodegenerative metabolic disor-
der caused by a deficiency of the lysosomal enzyme arylsulphatase 
A. In this disorder metachromatic sulphatides accumulate in 
various tissues including the gallbladder wall. In the Peutz–Jeghers 
syndrome, polyps are more common in adults and are hamartoma-
tous lesions that vary in size and number. Recommended manage-
ment of gallbladder polyps varies from observation with serial 
ultrasound to radical cholecystectomy and will obviously depend 
on the underlying cause. In general, cholecystectomy is advised if 
there are biliary symptoms, concerns about malignancy or if the 
polyp is ≥1 cm in size.73

LIVER TRANSPLANTATION IN CHILDREN

Orthotopic liver transplant (OLT) is the treatment for acute or 
chronic liver failure for which there is no other treatment option. 
There once was a shortage of suitably sized donors for children 
requiring transplantation, and many patients died because of this. 
However, it is now standard practice to transplant reduced or seg-
mental (also referred to as cut-down) liver grafts from donors in 
whom the whole organ would have been too large for the intended 
recipient, although whole liver grafts from a similar sized donor 
will be transplanted if available. As with adults, reduced grafts may 
be from cadavers (harvested from donors on life support prior to 
this being withdrawn), or less commonly live donors. The preop-
erative assessment is similar to adult patients requiring transplant, 
but due to the nature of the reduced donor organ, the postoperative 
imaging features and some of the complications that may be 
encountered in children are different.

The success of reduced liver transplantation is based on two 
unique properties of the organ: its segmental anatomy, and the 
ability of the liver to regenerate. The most common reduced liver 
grafts in younger children are part of the left lobe (segments II and 
III) or the entire left lobe – segments II–IV. Right lobes (segments 
V–VIII) or extended right lobes (segments IV–VIII) are usually 
reserved for larger children or adults. Regeneration of the liver 
occurs rapidly and transplanted grafts in adults can double in size 
in as little as 3 weeks.75 In some instances the whole graft is split 
with the smaller part (e.g. segments II and III) being transplanted 
into a child and the remaining extended right lobe transplanted into 
another patient, usually an adult.

In reduced liver grafts there are three main anatomical differences 
in relation to the postoperative imaging; there is a cut edge repre-
senting the line of separation from the remaining organ; bile drain-
age is often into a Roux-en-Y loop rather than an end-to-end biliary 
anastomosis; and there is an alteration in the position and number 
of the hepatic vessels depending on the number of liver segments 
that have been transplanted. For example; a segment II and III graft 
would have a main hepatic artery (HA) and portal vein (PV) with 
two segmental vessels respectively, and a single hepatic vein. An 
extended right lobe graft (segments IV–VIII) has main HA and PV 
with five segmental branches of each, and two hepatic veins. The 
position of the neo-porta hepatis and the arterial structures is 
altered in left lobe grafts with the PV coursing laterally towards the 
graft and entering its inferior right lateral aspect (Fig. 69.34). With 
right lobe or extended right lobe grafts the neo-porta hepatis is 
more medially placed, similar to the native liver.

Figure 69.34 Reduced left lobe liver graft (segments II and III) 
showing position of the portal vein.

Figure 69.35 Periportal oedema in a reduced left lobe graft, 
day 1 post transplantation.
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fluid collection in this region may indicate a bile leak. Conversely, 
anastomotic strictures may occur at the Roux-en-Y, although these 
are not easily identified using ultrasound, often requiring PTC. If 
there is graft bile duct dilatation, this complication should be sus-
pected. However, bile duct dilatation in a liver transplant can 
occur for a variety of other reasons including ascending cholangi-
tis and rejection so it is a relatively non-specific finding. Non-
anastomotic bile duct strictures may result from arterial ischaemia 
and can be extensive, involving much of the graft (Fig. 69.36A 
and B).76 Cholecystectomy is performed routinely on all donor 
liver grafts so the gallbladder is never visualised on transplant 
recipients. Long-term complications of liver transplantation 
include rejection, recurrence of the original liver disease (e.g. 
tumour) and PTLD. 

PANCREAS AND SPLEEN

The normal pancreas and congenital 
variations

Sonographic examination of the pancreas is more reliable in chil-
dren compared with adults due to their smaller body mass and 
relatively large left hepatic lobe which acts as an acoustic window. 
However, visualisation can be hampered by the presence of excess 
air in the stomach and duodenum, particularly if the child has been 
crying. Imaging of the distal body and tail in the prone position 
using the left kidney as an acoustic window may be helpful in some 
cases.77 In childhood the gland is normally isoechoic or of slightly 
increased echogenicity compared with the liver. However, in the 

Doppler studies in the immediate postoperative period and on 
long-term follow-up studies. The normal hepatic arterial trace 
shows a rapid systolic upstroke with continuous forward flow in 
diastole, and the normal RI should lie between 0.5 and 0.7. The 
normal PV waveform is a continuous flow towards the liver and 
varies slightly in velocity with the respiratory cycle as with a native 
liver. It is not uncommon to see dampening of the hepatic venous 
Doppler traces on early postoperative scans, rather than the usual 
triphasic pattern.

The Roux-en-Y anastomosis may be identified near the neo-
porta-hepatis, especially if there is a stent across it. Bile leaks and 
anastomotic breakdown at the Roux-en-Y site can occur and a 

Figure 69.36 Multiple bile duct strictures in a liver graft secondary to arterial ischaemia. Ultrasound (A) shows dilatation and 
irregularity of the common bile duct. Image from a percutaneous transhepatic cholangiogram in the same patient (B) demonstrates multiple 
intra- and extrahepatic biliary strictures with areas of duct dilatation.

A B

Liver transplantation in children

• Orthotopic liver transplantation (OLT) is the treatment for acute or 
chronic liver disease where there is no other treatment option.

• Reduced or segmental liver grafts have enabled small children to 
be successfully transplanted when there is no similar sized donor 
available.

• Reduced liver grafts have a cut-edge, bile may drain into a 
Roux-en-Y loop and the vascular anatomy differs from whole liver 
grafts.

• Complications following reduced liver graft transplantation may 
involve the parenchyma, vessels, bile ducts or perihepatic space.

• Many postoperative complications of reduced liver graft 
transplantation are related to problems associated with small 
vessel anastomoses.
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neonatal period the pancreas is more often hyperechoic. In 10% of 
patients the gland is hypoechoic compared with the liver, probably 
due to the relatively large amounts of glandular tissue and lack of 
fibrosis or fat found in older individuals.

Part or all of the normal pancreatic duct can be seen in at least 
50% of healthy children. The duct appears either as a single echo-
genic linear structure, or a tubular structure with smooth parallel 
walls and an anechoic lumen (Fig. 69.37). The upper limit of normal 
duct diameter is 2 mm in childhood. Side branches of the main 
pancreatic duct are not usually seen sonographically unless the duct 
is dilated. It is usual to see the common bile duct as a round ane-
choic structure in the head of the pancreas. The most growth and 
consequent variation in size of the pancreas occurs in the first year 
of life, after which there is a gradual increase in size throughout 
childhood.78

Agenesis of the dorsal pancreatic bud leads to a congenitally 
short pancreas with absence of the pancreatic neck, body and tail. 
Only a short rounded pancreatic head is found adjacent to the 
duodenum. It may be an isolated finding but has been reported in 
association with polysplenia syndromes. As most of the islet cells 
are located in the distal pancreas, affected patients have an increased 
incidence of diabetes mellitus.77

Pancreas divisum is the most common congenital pancreatic ana-
tomical variant and is the result of failure of fusion of the dorsal 
and ventral pancreatic ducts, so that there is persistence of two 
separate ductal systems. The abnormality is said to exist in up to 
11% of the population.79 In this anatomical variation, the longer 
dorsal pancreatic duct drains the anterior part of the head, the body 
and tail via the minor papilla; and the ventral pancreatic duct drains 
the inferior part of the head and uncinate process via the major 
papilla. This anomaly may be associated with recurrent abdominal 
pain and pancreatitis although the aetiological theories are contro-
versial; including a relative or functional stenosis of the minor 
papilla, which is too small to transmit the volume of secretions from 

Figure 69.37 Normal pancreatic duct in a child (shown by 
callipers).

the majority of the gland, with consequent pooling of secretions 
leading to pancreatitis. Ultrasound has no role in defining the 
ductal anatomy of the pancreas, which is best imaged non-invasively 
using MRI.

Annular pancreas is a congenital pancreatic abnormality in which 
pancreatic tissue encircles the duodenum. Several aetiological theo-
ries for the developmental of this anomaly have been proposed.77,79 
The abnormality often causes duodenal obstruction in the neonatal 
period, and is associated with other congenital abnormalities 
including duodenal stenosis or atresia, trisomy 21, oesophageal 
atresia and congenital heart disease.77 The abnormality may be 
identified using ultrasound whereby the pancreas appears as a 
circumferential band of pancreatic tissue encircling the proximal 
duodenum, which may be fluid-filled and dilated. Occasionally, 
presentation is later in life with recurrent vomiting, or the abnor-
mality may be asymptomatic.

Congenital pancreatic cysts

True single congenital cysts of the pancreas are extremely rare. 
They are more common in females and typically located in the 
pancreatic tail or body. Solitary pancreatic cysts may be discovered 
incidentally or present as a mass lesion, with epigastric pain, jaun-
dice or vomiting related to compression of nearby structures. They 
have been described in association with other congenital abnor-
malities including renal tubular ectasia, polydactyly, anorectal mal-
formations, polycystic kidneys and Jeune’s syndrome. The cysts 
typically measure up to 5 cm in diameter and sonographically are 
thin-walled, anechoic structures.80 The pancreas is an uncommon 
site for an enteric duplication cyst but in this location may be  
confused with a pancreatic pseudocyst or neoplasm. Over 50% of 
pancreatic duplication cysts reported in the literature are located in 
the pancreatic head, and the most common presentation is with 
abdominal pain, nausea and vomiting being the second most 
common presentation.81 Sonographically, duplication cysts in any 
location typically have a two-layered wall consisting of an inner 
echogenic mucosal lining and outer hypoechoic smooth muscle 
layer. The cyst contents may be anechoic or it may contain debris.

Multiple congenital pancreatic cysts are usually part of a systemic 
disorder with pancreatic involvement, such as von Hippel–Lindau 
disease (VHL) or autosomal dominant polycystic kidney disease 
(ADPKD). VHL is an autosomal dominant disorder with variable 
penetrance, characterised by retinal angiomas, central nervous 
system haemangioblastomas, cysts and tumours in other organs 
such as the pancreas, kidneys and adrenal glands. Most pancreatic 
cysts in this disorder are asymptomatic, discovered on screening 
examinations. Approximately 10% of patients with ADPKD have 
pancreatic cysts, and cysts may also be found in the adrenal glands, 
liver and spleen in addition to the kidneys.82

Acute and chronic pancreatitis in children

Acute pancreatitis is characterised by an acute inflammatory 
process involving the gland with variable involvement of adjacent 
tissues. The process is triggered by ductal obstruction, physical or 
chemical injury to the gland and leads to protease activation within 
the acinar cells. Proteolytic enzymes are released into the pancreatic 
interstitium causing a cascade of leukocyte activation and cytokine 
release which in turn causes a systemic inflammatory response. The 
most severe cases are associated with pancreatic haemorrhage and 
necrosis with major organ failure, and local complications such as 
abscess and pseudocyst formation are common. The causes of acute 
pancreatitis in children are more diverse and numerous than in 
adults. The most common cause of acute pancreatitis in children is 
trauma, followed by drugs and biliary causes such as gallstones, 
biliary sludge, microlithiasis and pancreaticobiliary malunion.83 
Other recognised causes in children include viral infections (e.g. 
mumps, Epstein–Barr virus, Coxsackie B, influenza), metabolic dis-
orders or metabolic disturbance (e.g. diabetes, CF, hyperlipidaemia, 
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be used to guide percutaneous drainage of pancreatic or extra-
pancreatic fluid collections.

Chronic pancreatitis is characterised by progressive destruction 
of the pancreatic parenchyma leading to permanent morphological 
change in the gland. There is usually calcification within the gland 
and focal or diffuse ductal dilatation and strictures. Causes in chil-
dren include hereditary pancreatitis, CF, metabolic disorders and 
pancreas divisum. The disease often causes recurrent abdominal 
pain but the diagnosis may be delayed because the symptoms and 
episodes of hyperamylasaemia are transient, or the gland initially 
looks normal on ultrasound. The sonographic hallmark of chronic 
pancreatitis is pancreatic or ductal calcification which is identified 
as focal areas of hyperechogenicity, with or without acoustic shad-
owing. The main pancreatic duct is often dilated (>2 mm in diam-
eter) and may appear tortuous (Fig. 69.40A and B). Other findings 
include parenchymal atrophy, an irregular pancreatic contour, and 
heterogeneous or increased parenchymal echogenicity secondary to 
fibrosis or fatty replacement.78 Pseudocyst formation, peripancreatic 

hyperparathyroidism, organic acidaemias) and hereditary pancrea-
titis. A small number of cases remain idiopathic. The clinical signs 
of acute pancreatitis include abdominal pain and tenderness, vomit-
ing and fever, and the diagnosis is based on clinical findings and 
biochemical tests.

Ultrasound views can be limited by overlying bowel gas in acute 
pancreatitis but may reveal pancreatic swelling, oedematous/
echogenic peripancreatic tissues, peripancreatic fluid collections, 
ascites, biliary stones or sludge and biliary or pancreatic duct dilata-
tion (Fig. 69.38). Enhanced CT is the modality of choice in acute 
pancreatic trauma and for demonstrating acute complications of 
pancreatitis such as pancreatic haemorrhage or necrosis, and abscess 
formation. Pseudocyst formation is the most common complication 
associated with acute pancreatitis. Pseudocysts are collections of 
amylase-rich pancreatic juice surrounded by a wall of granulation 
tissue that arise following acute pancreatic inflammation or trauma, 
and normally form over several weeks (Fig. 69.39). Ultrasound has 
a particular role in follow-up of pseudocysts. Ultrasound or CT may 

Figure 69.38 Acute pancreatitis in a 9-year-old. Transverse 
ultrasound showing pancreatic swelling and heterogeneous 
echotexture, especially in the head and neck of the gland.

Figure 69.39 Pancreatic pseudocyst in the same patient as 
Figure 69.38. Transverse ultrasound showing a massive fluid-filled 
cyst anterior to the pancreas and surrounding much of the 
pancreatic head.

Figure 69.40 Chronic pancreatitis in a 15-year-old. The gland is atrophic and heterogeneous with duct dilatation (7 mm) (A) and there 
are stones in the pancreatic head (B).

A B
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spleen, it is rarely the primary site of disease. Therefore, investiga-
tions are not directed at the spleen itself; rather to identifying an 
underlying systemic cause for splenomegaly. Hypersplenism is the 
occurrence of thrombocytopenia, and occasionally leukopenia and 
anaemia, in the context of significant splenomegaly. Associated 
cytopenias are usually mild but may contribute to overall morbid-
ity. Ultrasound can confirm the presence of an enlarged spleen, or 
space-occupying lesions (e.g. splenic cyst or abscess), and helps to 
distinguish between splenic enlargement and other causes of a left 
subchondral mass (e.g. a renal mass). It is also useful in confirming 
or excluding splenomegaly in obese patients in whom clinical 
examination may be difficult. 

Splenic calcification

See Chapter 17.

inflammatory changes and biliary dilatation may also be seen in 
association with chronic pancreatitis.

The pancreas in cystic fibrosis

Patients with CF develop pancreatic exocrine dysfunction second-
ary to obstruction of the small pancreatic ductules by abnormally 
thick mucoid secretions. This leads to ductal dilatation, tissue 
destruction and atrophy. Eventually the gland is replaced by fibro-
sis and fatty tissue, appearing heterogeneous or echogenic sono-
graphically. The gland may calcify and a variable number of small 
cysts may develop within it, typically measuring <3 mm in diam-
eter. Occasionally the pancreas is almost completely replaced  
by macroscopic cysts (>1 cm in diameter), a condition referred to 
as cystosis.

Spleen size in children and splenomegaly

The spleen is the largest lymphoid organ in the body. Together with 
the lymph nodes it forms the major components of the mononuclear-
phagocyte system (reticuloendothelial system). This serves as a 
system of filters that remove damaged cells, microorganisms, and 
particulate matter, and deliver antigens to the immune system. The 
splenic tissue consists of red and white pulp lying in a capsule. 
Blood enters the spleen through the splenic artery, and travels into 
the smaller arterioles to reach the white pulp. The white pulp 
receives plasma for antigen processing and the remaining haemo-
concentrated blood continues into the red pulp that forms the bulk 
of the splenic tissue and consists of splenic cords. Circulation 
through the splenic cords is slow and congested. This delay pro-
vides prolonged exposure of blood cells, bacteria, and particulate 
matter to the dense mononuclear-phagocyte elements in the red 
pulp. Blood from the red pulp drains into the splenic vein, uniting 
with the superior mesenteric vein to form the portal vein. Because 
no valves are present in the splenic venous system, the pressure in 
the splenic vein reflects the pressure in the portal vein.

Spleen size varies throughout childhood, according to patient 
age. The upper limit of normal spleen size in infants and children 
according to age is indicated in Table 69.1. There are numerous 
causes of splenomegaly in childhood and these are summarised in 
Table 69.5. The most common causes are infection, non-malignant 
haematological disorders and malignancies such as leukaemia and 
lymphoma. Despite the wide differential diagnosis for an enlarged 

Table 69.5 Causes of splenomegaly in children

Infection:

Viral infection – most childhood viral illnesses; including Epstein–
Barr virus (EBV), cytomegalovirus (CMV), human 
immunodeficiency virus (HIV)

Bacterial, e.g. pneumococcal infection, Salmonella, bacterial 
endocarditis

Fungal, e.g. candidiasis in immunocompromised patients
Parasitic, e.g. malaria and schistosomiasis in endemic areas

Inflammatory causes:

Collagen vascular disorders
Juvenile idiopathic arthritis

Haematological causes – non-malignant:

Thalassaemia major
Severe iron deficiency anaemia
Acute splenic sequestration crisis in sickle cell anaemia
Haemolytic anaemias, e.g. hereditary spherocytosis
Bone marrow failure, e.g. aplastic anaemia, osteopetrosis

Malignancy:

Leukaemia
Lymphoma
Metastatic disease, e.g. neuroblastoma

Obstructed venous blood flow:

Extrahepatic portal venous obstruction, e.g. portal vein 
thrombosis

Intrahepatic causes of portal hypertension, e.g. any cause of 
cirrhosis

Congestive or right heart failure

Storage disorders:

Glycogen storage diseases
Lysosomal storage diseases (including lipid storage disorders 

such as Niemann–Pick, Gaucher’s; and the 
mucopolysaccharidoses)

Miscellaneous:

Splenic trauma with subcapsular haematoma or cyst formation
Langerhans cell histiocytosis
Splenic abscess (bacterial, fungal or parasitic causes)

Pancreas and spleen

• Pancreas divisum is the most common congenital pancreatic 
anatomical variant and is associated with recurrent abdominal pain 
and pancreatitis.

• Solitary congenital pancreatic cysts in children are rare, and 
multiple congenital cysts are usually associated with a systemic 
disorder such as von Hippel–Lindau disease, polycystic kidney 
disease or CF.

• The most common cause of acute pancreatitis in children is 
pancreatic trauma.

• The causes of acute pancreatitis in children are more diverse and 
numerous than in adults.

• The imaging appearances of acute pancreatitis and associated 
complications are the same as in adults.

• Spleen size varies in childhood according to age.

• The most common causes of splenomegaly in childhood are 
infection, non-malignant haematological disorders and malignancy 
such as lymphoma or leukaemia.

• The spleen is rarely the primary site of disease and investigations 
in splenomegaly are usually directed at identifying an underlying 
systemic cause.
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INTRODUCTION

With the technical advances in real-time scanners, ultrasound has 
emerged as an important diagnostic tool in the evaluation of a 
variety of gastrointestinal tract disorders.1,2 Barium examinations 
are still the method of choice for assessing the mucosal surface and 
contour of the bowel lumen, but they provide limited information 
about the bowel wall or extrinsic abnormalities. Ultrasound allows 
direct visualisation of the bowel wall and surrounding tissues, and 
thus it can offer information affecting patient diagnosis and man-
agement. In some disorders, such as pyloric stenosis and appendi-
citis, it has become the primary imaging technique for establishing 
a diagnosis. This chapter addresses the ultrasound findings of the 
common disorders of the gastrointestinal tract in children. Tech-
niques for examining each segment of the gastrointestinal tract are 
also discussed.

GASTRO-OESOPHAGEAL JUNCTION

Technique and normal anatomy

The distal oesophageal segment and the gastro-oesophageal junc-
tion are imaged via a subcostal or subxiphoid approach, using the 
liver as an acoustic window. The examination is performed with 
the patient supine or in the right lateral decubitus position and the 
transducer positioned in the midline or slightly to the left at  
the level of the diaphragm.3 Scans are obtained in transverse and 
sagittal planes. This technique is used to detect gastro-oesophageal 
reflux.

The normal distal oesophagus is best seen on long-axis views 
appearing as a tubular structure anterior to the aorta, posterior to 
the left lobe of the liver and adjacent to the diaphragm (Fig. 70.1). 
On short-axis views it has a bull’s-eye or target appearance, owing 
to the central reflective mucosa and submucosa surrounded by an 
outer echo-poor muscular wall. Small amounts of fluid and gas may 
be seen within the oesophageal lumen.

Gastro-oesophageal reflux

Gastro-oesophageal reflux is the retrograde flow of gastric contents 
into the oesophagus. Affected children typically present with vom-
iting and occasionally with dysphagia, haematemesis, failure to 
thrive, recurrent pneumonias, wheezing or apnoea. Barium oesoph-
agography has been the conventional imaging method for the diag-
nosis of gastro-oesophageal reflux, but several authors have shown 
that real-time ultrasound can also be used to diagnose gastrointes-
tinal reflux in infants.3–5

Marilyn J. Siegel and Edward Y. Lee
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STOMACH

Technique and normal anatomy

Most gastric pathology in children involves the gastric antrum and 
antropyloric region. Scans of the antrum and antropyloric region 
are obtained with the patient in a right lateral decubitus position 
using the liver as an acoustic window. A curved or linear array 
transducer is positioned to the right of midline and transverse and 
longitudinal images are obtained. The examination should be per-
formed after the stomach is distended with clear fluids, such as 
water or glucose solution.

The ultrasound appearance of gastro-oesophageal reflux varies 
with the relative amounts of fluid and gas in the refluxed material. 
Refluxed fluid alone is anechoic or echo-poor. When there is an 
admixture of fluid and air the refluxed gastric contents appear 
highly reflective (Fig. 70.2). Another finding of reflux is oesophageal 
dilatation. Complementary use of colour Doppler ultrasound may 
facilitate the detection of gastro-oesophageal reflux.6,7 Based on pH 
monitoring, which is considered the reference standard for the 
diagnosis of reflux, the sensitivity of both greyscale and colour 
Doppler ultrasound for the diagnosis of gastro-oesophageal reflux 
is approximately 95%.3,6,7 Additional studies have shown that ultra-
sound measurements of abdominal oesophageal length (i.e. the 
point where the oesophagus penetrates the diaphragm to the ante-
rior surface of the fundus of the stomach) can further increase 
confidence in the diagnosis of reflux.8 Children with gastro-
oesophageal reflux have significantly shorter abdominal oesopha-
geal lengths compared with neonates and infants without reflux. In 
neonates ultrasound also can predict the severity of reflux.

Because ultrasound is time-consuming and difficult to perform, 
particularly in the crying child, in whom there may not be a good 
acoustic window, it has not gained widespread use for diagnosing 
reflux and a barium study remains the recommended examination. 
However, reflux may be detected on studies performed for other 
indications, such as pyloric stenosis, and thus, its sonographic fea-
tures need to be recognised.

Figure 70.1 Normal gastro-oesophageal junction. Longitudinal 
scan at the level of the gastro-oesophageal junction shows a 
virtually collapsed oesophagus with only a small amount of 
hypoechoic fluid (straight arrows) and echogenic air (curved arrow) 
in the lumen. L, liver; S, stomach. Reproduced with permission 
from Siegel MJ, ed. Pediatric Sonography, 4th edition. Philadelphia: 
Lippincott Williams & Wilkins; 2010.

Figure 70.2 Gastro-oesophageal reflux. Refluxed gastric 
contents, containing echogenic air and hypoechoic fluid, are seen in 
a dilated distal oesophagus (white arrows) at the level of the 
gastro-oesophageal junction. L, liver; S, stomach. Reproduced with 
permission from Siegel MJ, ed. Pediatric Sonography, 4th edition. 
Philadelphia: Lippincott Williams & Wilkins; 2010.

Oesophagus

• On long-axis views the normal oesophagus appears as a tubular 
structure.

• On short-axis views the oesophagus has a bull’s-eye or target 
appearance.

• Appearance of gastro-oesophageal reflux varies with the relative 
amounts of fluid and air.

• Colour Doppler ultrasound may facilitate the detection of 
gastro-oesophageal reflux.

• Length of abdominal oesophagus is decreased in reflux.
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On cross-sectional scans the gastric antrum has a target appear-
ance, showing the echo-free fluid-filled lumen, the adjacent reflec-
tive mucosa and submucosa, and the outer echo-poor muscularis 
propria. On longitudinal scans the antrum is a tubular structure in 
which the appearance of the lumen varies, depending on the rela-
tive amounts of fluid and air within it (Fig. 70.3). With the gastric 
lumen fully distended, the wall thickness is 3 mm or less, measured 
from the inner border of the submucosa to the outer border of the 
muscularis propria.9,10

Obstruction

Hypertrophic pyloric stenosis
Hypertrophic pyloric stenosis (HPS) is a disorder characterised by 
hypertrophy of the circular muscle of the pylorus. The incidence of 
HPS is approximately 3 in 1000 and boys are affected four to five 
times more commonly than girls. There is also a familial predisposi-
tion. Affected patients usually present between 2 and 6 weeks of 
age, with projectile non-bilious vomiting. An olive-shaped mass 
may be palpated in the epigastrium.

Ultrasound has virtually replaced the barium examination in the 
diagnosis of hypertrophic pyloric stenosis because it is non-invasive 
and does not utilise ionising radiation. Other advantages of ultra-
sound are the ability to directly visualise the pyloric muscle and to 
obtain measurements of muscle thickness.10–12 The examination is 
performed with a 5.0 or 7.5 MHz curved or linear array transducer. 
Longitudinal and transverse images are obtained with the infant in 
the right posterior oblique position. In this position any fluid in the 
fundus of the stomach moves into the antrum and pyloric region, 
distending these regions. The stomach should not be emptied prior 
to the examination as this makes identification of the antropyloric 
area difficult. If there is inadequate distension of the antrum the 
infant can be given a glucose solution or water, orally or via a nasogas-
tric tube. If fluid is administered  by tube it can be removed at the end 
of the examination to prevent further vomiting and the risk of 
aspiration.

The ultrasound evaluation of HPS includes assessment of both 
morphological and quantitative features. The classic findings of 
HPS are of a thickened pyloric muscle and an elongated pyloric 
canal (Fig. 70.4).10–12 On transverse images, the hypertrophic pylorus 

Figure 70.3 Normal antrum. Transverse scan through the distal 
stomach shows echo-poor muscle (arrows) surrounding the inner 
mucosa/submucosal layer (arrowheads). Wall thickness is 3 mm.  
A small amount of fluid (f) is present in the gastric lumen. Also 
noted normal fluid-filled duodenal bulb (D).

Figure 70.4 Pyloric stenosis. A: Long-axis scan. Electronic callipers (labelled 1 and 2) delineate the pyloric muscle thickness on each 
side of the echogenic central mucosa. The pyloric thickness in this patient is increased, measuring 4 mm. B: Long-axis scan. Electronic 
callipers show the length of the pyloric canal. Channel length is elongated, measuring 19 mm.

A B
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Figure 70.5 Pylorospasm in a 6-week-old boy with persistent 
vomiting. The distal stomach is contracted and elongated. The 
thickness of the echo-poor muscular wall (arrows) of the collapsed 
antrum is normal, measuring 2 mm. A small amount of fluid (F) is 
present in the lumen of the stomach proximal to the collapsed 
antrum. D, fluid-filled duodenum.

has a doughnut appearance, representing the reflective central 
mucosa and submucosa surrounded by echo-free muscle. Another 
finding on longitudinal scans is a ‘double-track’ sign produced by 
the presence of small amounts of fluid in the crevices of the echo-
genic mucosal folds.13 Other signs on longitudinal scans include 
exaggerated peristaltic waves that terminate abruptly at the level 
of the pylorus and oesophageal reflux, absence of opening of the 
pyloric channel, and little if any passage of fluid from the stomach 
into the descending duodenum.14

As a general guide a pyloric channel length greater than 15 mm, 
muscle thickness greater than 3.0 mm, and transverse serosal-to-
serosal diameter greater than 15 mm is consistent with HPS9,11,15 
(Fig. 70.4). At least two values should be abnormal. Based on these 
measurements, the sensitivity, specificity and accuracy of ultra-
sound in the diagnosis of HPS is virtually 100%.15 A muscle thick-
ness less than 2.0 mm is unequivocally normal. A muscle thickness 
between 2 and 2.9 mm is abnormal but non-specific, and can be 
seen in gastritis and pylorospasm as well as in HPS. Borderline 
muscle thickness measurements are more likely to occur in prema-
ture than in term infants.16 In premature infants, the ultrasound 
diagnosis of HPS is based on the thickness of the pyloric muscle 
relative to the rest of the stomach and the length of the pyloric canal.

False negative diagnoses may be made if the stomach is overdis-
tended. Overdistension of the stomach can displace the pylorus 
posteriorly, making it difficult to visualise the pyloric canal.10 If the 
scan is not in the midline, or is tangential to the antrum, the antral 
wall can simulate a thickened pyloric muscle, leading to a false 
positive diagnosis.10

Hypertrophic pyloric stenosis is usually an isolated finding, but 
it has been associated with prostaglandin-induced foveolar hyper-
plasia.17 An increased incidence of renal anomalies has been 
reported in patients with HPS. These include pelvi-ureteric junction 
obstruction, primary mega-ureter, duplex kidneys, renal agenesis 
or ectopia, nephroblastomatosis and horseshoe kidney. Because of 
this association, the kidneys should be examined when there is 
ultrasound evidence of HPS.18,19

The treatment for HPS is pyloromyotomy, in which the hyper-
trophic muscle is split longitudinally. The pyloric muscle thickness 
usually returns to normal within 2–12 weeks after surgery, but in 
some cases it may not return to normal for up to 5 months.20,21

Pylorospasm
The major differential diagnostic considerations of non-bilious 
vomiting are gastro-oesophageal reflux (see above) and pyloros-
pasm (also known as antral dyskinesia). The ultrasound findings of 
pylorospasm are elongation and narrowing of the antral/pyloric 
region, decreased peristalsis and delayed gastric emptying. With 
persistent scanning, it is possible to observe that eventually the 
pyloric canal opens and fluid passes into the descending duode-
num. The thickness of the antral wall is normal and less than 
3.0 mm (Fig. 70.5).10 The problem is essentially one of spasm, rather 
than anatomical obstruction.

Gastric wall thickening

Gastric wall thickening is not a common problem in children. The 
differential diagnosis includes gastritis due to peptic ulcer disease, 
chronic granulomatous disease, and Ménétrier’s disease. Chronic 
granulomatous disease of childhood is an X-linked recessive disor-
der that results in a defect in the bactericidal activity of the poly-
morphonuclear leukocytes. Most patients are diagnosed before 3 
years of age and present with lymphadenopathy, hepatosplenom-
egaly, pneumonia or intermittent abdominal pain. The antrum is 
the most frequently involved part of the gastrointestinal tract. 
Ménétrier’s disease is a protein-losing gastropathy characterised by 
giant hypertrophy of the gastric mucosa. Most childhood cases 

affect patients in the second decade of life. The clinical findings 
include oedema of the extremities or eyelids, ascites, pleural effu-
sions and abdominal pain.

The ultrasound findings of gastric wall inflammation are non-
specific and include thickened gastric mucosa and submucosa, with 
poorly defined mural layers indicating loss of stratification (Fig. 
70.6). In Ménétrier’s disease, an additional finding is large tortuous 
echo-poor rugae in the fundus and body of the stomach.22

Gastric masses

Gastric duplications
Gastric duplications account for less than 10% of all gastrointestinal 
tract duplications.23 Most are diagnosed in infants under 1 year of 
age. Typical clinical features include an abdominal mass or disten-
sion on physical examination. Infrequent presentations include 
acute pain due to intestinal obstruction or intussusception and gas-
trointestinal haemorrhage. Gastric duplications are usually located 
along the greater curvature, measure less than 12 mm in diameter 
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Gastric teratomas
Gastric teratomas are benign extraluminal masses that contain an 
admixture of fluid, fat and calcification. On ultrasound they appear 
either as a predominantly cystic mass or as a complex mass with 
cystic and solid components. Highly reflective foci with acoustic 
shadowing, owing to the presence of calcification, may also be seen. 
The lesions are often both intra- and extraluminal.25

Bezoars
Trichobezoars (hair) and lactobezoars (inspissated powdered milk) 
are the two common types of bezoars in children. Phytobezoars 
(vegetable matter) are seen more often in adults. Children with 
gastric bezoars usually present with an epigastric mass or tender-
ness, vomiting, early satiety and weight loss. The typical sono-
graphic finding is of a mobile intraluminal highly reflective mass 
(Fig. 70.8).26 In trichobezoars, air is often trapped in and around the 
hair fibres, so acoustic shadowing is common. This shadowing may 
obscure the posterior margins of the trichobezoar. Acoustic shad-
owing is a less common feature of phyto- or lactobezoars. Water 
administration can be useful in outlining the mass and confirming 
the intraluminal location.

Neoplasms
Although they are extremely rare, benign gastric tumours such as 
leiomyoma and polyps, and malignant tumours, including gas-
trointestinal stromal tumour, carcinoma and lymphoma, can occur 
in children.27 On ultrasound they appear as polypoid intraluminal 
masses, areas of gastric wall thickening or a large exophytic mass 
(Fig. 70.9).

and do not communicate with the gastric lumen. The characteristic 
ultrasound findings are an echo-poor mass with good through-
transmission reflecting the fluid contents of the cyst, an inner reflec-
tive layer representing the mucosal lining and an outer echo-poor 
rim representing the muscular wall (Fig. 70.7). If the cyst becomes 
infected or undergoes haemorrhage the internal contents may 
become more reflective or contain septations. The mucosal layer 
may be destroyed as a result of extensive ulceration by gastric 
enzymes.24

Figure 70.6 Chronic granulomatous disease of childhood. 
Long-axis scan of the distal stomach showing a fluid-filled antrum 
(F) surrounded by a thick wall (arrows).

Figure 70.7 Gastric duplication. Transverse scan of the left 
upper quadrant shows a fluid-filled duplication cyst (callipers).  
The cyst wall is barely perceptible. Note the inner reflective layer 
(arrowheads) representing the mucosal lining and an outer echo-
poor rim representing the muscular wall (arrows).

Figure 70.8 Gastric bezoar. Transverse sonogram demonstrates 
a hyperechoic curvilinear band (arrows) that has marked distal 
acoustic shadowing. The band represents the anterior aspect of the 
bezoar which was composed almost entirely of hair, accounting for 
the echogenicity.
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Obstruction

When plain radiographs show a complete bowel obstruction, addi-
tional imaging is not usually needed. However, ultrasound can be 
helpful when the abdomen is gasless by showing the presence of 
an unsuspected mass, ascites or bowel obstruction. The character-
istic features of small bowel obstruction are hyperperistaltic, dilated 
fluid-filled loops proximal to the site of obstruction (Fig. 70.10). 
These findings are, however, non-specific, and may also be seen 
with gastroenteritis.

Duodenal atresia
Duodenal atresia is the most common cause of proximal bowel 
obstruction in the neonate. It is thought to be the result of an error 
in bowel canalisation. The atresia obstructs near the ampulla of 
Vater and leads to vomiting of bilious material within the first 24 
hours after birth. Other anomalies are present in about one-half of 
patients, including Down’s syndrome, malrotation, congenital 
heart disease, oesophageal atresia, renal anomalies, imperforate 
anus and biliary atresia.

Abdominal radiography is usually diagnostic of duodenal atresia, 
showing the classic ‘double-bubble’ sign, produced by a markedly 
dilated stomach and duodenum. With this appearance further 
imaging studies are unnecessary. Ultrasound can, however, provide 
valuable information in infants who have duodenal atresia and 
oesophageal atresia without an associated tracheo-oesophageal 
fistula. In these cases the conventional radiographic diagnosis of 
duodenal atresia is difficult, as the abdomen is gasless. Because the 
distal oesophagus, stomach and duodenum are filled with fluid 
they provide an excellent acoustic window. The ultrasound find-
ings of duodenal atresia are a markedly dilated, fluid-filled stomach, 
proximal duodenum and distal oesophagus (Fig. 70.11).

Obstruction by a duodenal membrane, duodenal stenosis or an 
annular pancreas have clinical and ultrasound findings similar to 
those of duodenal atresia. An additional finding that has been 
described in an infant with a duodenal membrane is a reflective 
band in the dilated proximal duodenum.28

Jejuno-ileal atresia and meconium ileus
Jejuno-ileal atresia is the result of an in-utero vascular accident. 
Meconium ileus results from inspissation of abnormally thick, 

SMALL BOWEL

Normal anatomy

The duodenum and small bowel are not usually identifiable as 
discrete structures on ultrasound, either because they are collapsed 
or because they are filled with air. However, when fluid filled, the 
duodenal bulb and other parts of the small bowel may be recognis-
able (Fig. 70.10). The mucosa, submucosa and muscular layers can 
be delineated in loops that contain fluid. Internal echoes, represent-
ing gas bubbles or food particles, may be seen in the fluid-filled 
lumen. The small bowel valvulae conniventes may also be seen, as 
intraluminal linear structures 3–5 mm apart. When the duodenum 
and small bowel are distended, the wall thickness should not 
exceed 3 mm.

Figure 70.9 Gastrointestinal stromal tumour (GIST) of 
stomach in an 8-year-old girl with epigastric pain. Transverse 
scan of the upper abdomen shows a heterogeneous mass (M) 
arising exophytically from the stomach (S). (Case courtesy of 
Edward Lee MD.)

Figure 70.10 Small bowel obstruction. Longitudinal scan of the 
right lower quadrant showing dilated, fluid-filled bowel loops (B) in a 
10-month-old boy with a distal small bowel obstruction secondary 
to intussusception.

Stomach

• On long-axis scans the antrum is a tubular structure.
• On short-axis scans the gastric antrum has a target appearance.
• Ultrasound has replaced the barium examination in diagnosis of 

pyloric stenosis (HPS).
• Findings of HPS are of a thickened pyloric muscle, an elongated 

pyloric canal and absent gastric emptying.
• Findings of pylorospasm are normal pyloric muscle thickening, an 

elongated and narrowed antral/pyloric region, decreased 
peristalsis and delayed gastric emptying.

• Findings of gastric wall inflammation are non-specific and include 
thickened gastric mucosa and submucosa, with loss of 
stratification.

• Most common gastric masses are duplication cysts and bezoars.



Small bowel

1389

and incomplete rotation (a range of rotational abnormalities 
between non-rotation and normal rotation). In malrotation, the 
attachment of the bowel is abnormally short, resulting in a nar-
rowed mesenteric pedicle and an abnormally positioned ligament 
of Treitz.32 The normal duodenojejunal junction lies posterior and 
to the left of the spine, whereas the abnormal junction is anterior 
and to the right of the spine.

Figure 70.11 Duodenal atresia in a neonate with oesophageal 
atresia. Transverse dual-screen image of the upper abdomen 
shows a dilated duodenal bulb (D) and stomach (S).

Figure 70.12 Meconium ileus. Longitudinal scan of the right 
lower quadrant, showing a dilated loop of small bowel (arrows) filled 
with highly reflective meconium. More proximal dilated small bowel 
(B) contains some meconium (open arrows) along with fluid and air.

Figure 70.13 Meconium peritonitis. Transverse scan shows 
highly reflective foci (arrows) with acoustic shadowing beneath the 
right lobe of the liver. This patient had a bowel perforation proximal 
to an area of ileal atresia. Reproduced with permission from Siegel 
MJ, ed. Pediatric Sonography, 4th edition. Philadelphia: Lippincott 
Williams & Wilkins; 2010.

tenacious meconium in the distal small bowel. The end result of 
both disorders is bowel obstruction.

A contrast enema examination is still the primary imaging study 
to diagnose distal bowel obstruction. However, ultrasound may 
provide diagnostic information if the clinical or plain radiographic 
findings are atypical. The ultrasound findings of ileal atresia are 
multiple loops of dilated small bowel filled with fluid and air;  
peristalsis may be normal or increased. In meconium ileus there  
are multiple loops of bowel filled with highly reflective material 
(Fig. 70.12), indicating the presence of thick, tenacious meconium; 
peristalsis is often decreased.29 Additional findings of both disor-
ders include meconium peritonitis and meconium pseudocyst.

Meconium peritonitis
Meconium peritonitis is the result of antenatal bowel perforation 
resulting in leakage of sterile meconium into the peritoneal cavity 
and a non-bacterial chemical peritonitis. In many fetuses, the per-
foration seals in utero and the only postnatal findings are scattered 
calcifications in the peritoneal cavity. In some neonates, there may 
be associated bowel obstruction. On ultrasound, meconium perito-
nitis produces multiple discrete, very highly reflective foci, with 
acoustic shadowing or occasionally diffuse peritoneal reflectivity 
(referred to as a ‘snowstorm’ appearance) (Fig. 70.13).30 Ascites 
containing reflective material, related to calcification or air, may 
also be seen.31

Meconium pseudocyst
The meconium pseudocyst is a cystic mass that results when the 
extruded meconium becomes walled-off by fibrous adhesions. Cal-
cifications within the cyst wall are frequent. At sonography, the 
meconium pseudocyst appears as a well-defined fluid-filled mass 
with reflective contents representing a combination of air and 
meconium (Fig. 70.14). Highly echogenic calcifications can be seen 
in the cyst lumen or in the wall.

Malrotation
Midgut malrotation is an anomaly of intestinal rotation and fixa-
tion. It encompasses a spectrum of rotational abnormalities includ-
ing non-rotation (colon in the left abdomen, small bowel in the right 
abdomen), reverse non-rotation (small bowel on the left, colon on 
the right), reverse rotation (duodenum anterior and colon posterior 
to the superior mesenteric artery, small bowel in the right abdomen), 
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thickened highly reflective bowel wall as a result of haemorrhage 
or oedema.37

Intussusception
Intussusception occurs when a segment of bowel (the intussuscep-
tum) prolapses into a more caudal segment of intestine (the intus-
suscipiens). It is the most common acute abdominal disorder of 
early childhood, typically affecting children between 3 months and 
2 years of age. The classic clinical features of intussusception are 
paroxysmal abdominal pain, vomiting, ‘redcurrant jelly’ stools 
(containing blood and mucus), and a palpable abdominal mass. 
Approximately 90% of intussusceptions are ileocolic; the remainder 
are ileo-ileocolic, colocolic or ileo-ileal. More than 90% have no 
pathological lead point and are believed to result from hypertrophy 
of lymphoid tissues following a viral infection, which leads to 
altered intestinal peristalsis and intussusception. Lead points in the 
other 10% of cases are Meckel’s diverticula, intestinal polyps, 
enteric duplication cysts, intramural haematoma, and lymphoma. 
Lead points should be strongly suspected in children under  
3 months or over 3 years of age. Other conditions associated  
with intussusception include lymphoma, haematoma and  
cystic fibrosis.

Ultrasound is becoming the study of choice to screen children 
suspected of having intussusception.38–40 In other cases intussuscep-
tion may be encountered as an unsuspected finding on a scan per-
formed for the evaluation of other clinical conditions, such as 
suspected appendicitis.

The graded-compression sonographic technique is utilised for 
investigation of intussusception. On transverse images, the intus-
susception appears as a complex mass with multiple high- and 
low-reflectivity rings surrounding a reflective centre (termed 
‘doughnut’ or ‘target’ sign).38–41 The hypoechoic layers represent the 
oedematous wall of the intussusceptum and the more echogenic 
reflective layers represent compressed mesentery, mucosa and 
intestinal contents. On longitudinal images, the intussusception 
appears as an oval or reniform mass with bright central echoes 
(termed the ‘pseudo-kidney’ sign) (Fig. 70.16). A mass within the 
central dilated loop of bowel may be seen when there is a lead 
mass.42 An echo-poor mass usually represents a duplication cyst or 
haematoma, although fluid trapped within the intussuscepted 
mesentery can mimic a cyst.43 Other ultrasound findings in intus-
susception include free peritoneal fluid44 and left–right inversion of 
the superior mesenteric vessels.45

The conventional treatment for intussusception has been reduc-
tion using an air or contrast enema examination. Ultrasound-guided 
hydrostatic reduction has been proposed as an alternative method 
of treatment to avoid the ionising radiation associated with  
fluoroscopic-guided reduction.46,47 A saline or tap water enema is 
administered under sonographic guidance until there is complete 
disappearance of the intussusception.

Colour flow imaging has been used to identify changes of ischae-
mia in the intussuscepted bowel. The presence of blood flow sug-
gests viable bowel, whereas its absence suggests that gangrenous 
changes may have occurred.48,49 Several investigators have sug-
gested that the success rate of hydrostatic or air reduction appears 
to be higher when blood flow is present in the intussuscepted loops 
(Fig. 70.17) than when it is absent.48 However, the true reliability of 
these findings has not been established. Other findings such as a 
wall thickness greater than 1 cm, large amounts of trapped fluid, 
and lymph nodes larger than 1 cm within the intussusception have 
also been correlated with a decreased enema reduction rate, 
although again the reproducibility of these findings has not yet 
been determined.50–52

The sensitivity of greyscale and colour Doppler ultrasound for 
the diagnosis of intussusception ranges between 95% and 100%, 
with a negative predictive value of 100%.50,51 The specificity ranges 
between 88% and 100%. False positive diagnoses are caused by 
faecal contents, inflammatory bowel disease, intramural hae-
matoma and volvulus (Fig. 70.18).

Infants with malrotation present with symptoms caused by 
obstruction from peritoneal bands (i.e. Ladd’s bands), midgut vol-
vulus or a combination of the two. Bilious vomiting is the hallmark 
of the obstruction. Approximately 90% of patients with malrotation 
present in the first month of life with vomiting. Peritoneal bands 
typically obstruct the second and third parts of the duodenum as 
they pass from the malpositioned caecum to the liver or posterior 
peritoneum. Midgut volvulus is the more serious complication of 
malrotation. The bowel twists in a clockwise manner on the nar-
rowed mesenteric pedicle. Because the pedicle contains the superior 
mesenteric artery and vein, the twisting occludes the blood supply 
to the midgut and may lead to ischaemia or infarction.

Because of the potentially catastrophic consequences of failing to 
recognise the diagnosis of malrotation, any infant with bilious  
vomiting should be considered to have malrotation and imaging 
should be performed immediately. The upper gastrointestinal 
(UGI) series is considered the examination of choice to confidently 
identify malrotation. The UGI series can accurately show the abnor-
mally positioned ligament of Treitz (duodenojejunal junction) and 
the proximal jejunum to the right of the midline.

If the significance of the bile-stained vomitus is not appreciated, 
a sonogram may be the first examination requested, and thus, the 
radiologist should be familiar with these findings of malrotation. 
The ultrasound finding of malrotation is inversion of the usual 
relationship between the superior mesenteric artery and vein. Nor-
mally, the origin of the superior mesenteric artery lies to the left of 
the superior mesenteric vein. Reversal of this relationship suggests 
midgut malrotation (Fig. 70.15).32–34 However, vessel inversion can 
be found in patients with normal midgut rotation and, conversely, 
mesenteric inversion can be absent in patients with malrotation.34 
Because the ultrasound finding of malrotation is not specific, the 
upper gastrointestinal barium examination is still the preferred 
study for diagnosis of malrotation.

The classic ultrasound findings of associated midgut volvulus are 
clockwise swirling of the superior mesenteric vein, proximal small 
bowel and mesentery around the superior mesenteric artery (whirl-
pool sign) and stretching of the mesenteric vessels.35,36 Additional 
findings of volvulus include a fluid-filled proximal duodenum, a 
hyperpulsatile superior mesenteric artery, peritoneal fluid, and 

Figure 70.14 Meconium pseudocyst. Transverse scan showing 
a large cystic mass (arrows) filled with echogenic contents 
representing air and meconium. SP, spine. The patient had ileal 
atresia.
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Figure 70.15 Malrotation. Six-week-old boy with non-bilious vomiting. Ultrasound was performed to rule out pyloric stenosis. 
A: Transverse scan through the upper abdomen shows the superior mesenteric vein (arrow) anterior and to the left of the superior 
mesenteric artery (arrowhead). The inverted position of the vessels suggests malrotation. B: Normal relationship between the superior 
mesenteric artery and vein. Transverse scan shows the vein (arrow) anterior and to the right of the artery (arrowhead). The artery can be 
differentiated from the vein by its thicker and more echogenic wall. C: Doppler interrogation of the superior mesenteric vein (arrow) 
demonstrates a venous waveform. D: Subsequent upper gastrointestinal study with barium shows small bowel loops in the right side of 
abdomen consistent with malrotation.

A
B

C

D

Transient small bowel intussusception
Transient small bowel intussusception is a common event, particu-
larly in children with hyperperistaltic bowel. These intussuscep-
tions tend to occur in older children (mean age 4 years) and are 
more frequently found in the proximal small bowel in the left upper 
quadrant.53 Common clinical findings are abdominal pain, vomit-
ing, and diarrhoea. A palpable mass and redcurrant jelly stools 
characteristic of ileocolic intussusception are absent. Ultrasound 
findings of transient small bowel intussusception are small size 
without a thickened bowel wall, short segment involvement, pre-
served wall motion, and absence of a lead point.53 Spontaneous 
resolution of the intussusception usually can be observed with con-
tinuous scanning.

Small bowel obstruction

• Ultrasound is the initial study of choice to diagnose 
intussusception.

• Ultrasound can be helpful in diagnosis of other bowel obstruction 
when the abdomen is gasless by showing an unsuspected mass, 
ascites or bowel obstruction.

• Finding of malrotation is inversion of the superior mesenteric 
artery and vein relationship.

• Findings of midgut volvulus are clockwise swirling of the superior 
mesenteric vein, small bowel and mesentery around the superior 
mesenteric artery (whirlpool sign) and stretching of mesenteric 
vessels.

• Intussusception appears as a complex mass with high- and 
low-reflectivity rings surrounding a reflective centre (‘doughnut’ or 
‘target’ sign).
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be used for the diagnosis of extramural complications and hydrone-
phrosis.54–57 On longitudinal images the findings of Crohn’s disease 
are a partially compressible, tubular structure that communicates 
with adjacent bowel (i.e. no blind ending) (Fig. 70.19). The bowel 
wall is thickened, measuring between 4 and 10 mm in diameter, 
and is echo-poor.57 Peristalsis may be present but diminished. On 
axial images, the abnormal bowel has a bull’s-eye appearance, rep-
resenting the outer echo-poor wall and the central reflective mucosa. 
Colour flow Doppler imaging shows increased blood flow in the 
thickened segment of bowel wall (Fig. 70.20).54,55,57

Mesenteric adenopathy, abscess, fistulae or sinus tracts and ste-
nosis are common extraintestinal complications of Crohn’s disease. 
Ultrasound can be used to identify these complications. Enlarged 
mesenteric nodes appear as oval or round echo-poor structures 
with echogenic central hila in the region of the inflamed bowel, 

Figure 70.16 Intussusception. 
A: Transverse scan shows a mass with a 
reflective centre (C), a surrounding echo-poor 
ring (arrowhead), and a more reflective outer 
ring (arrows) in the right mid-abdomen. B: On 
a longitudinal image the intussusception has 
a reniform shape (arrows).

A B

Figure 70.17 Intussusception. Transverse colour flow image 
shows flow within the intussuscepted loop of bowel. The 
intussusception was reducible by air-contrast enema.

Figure 70.18 False positive diagnosis of intussusception. 
Transverse scan of the right lower quadrant shows an ovoid mass, 
considered to be an intussusception. Thickened bowel wall and no 
intussusception was shown on contrast enema. Cultures grew 
Escherichia coli.

Bowel wall thickening

Crohn’s disease
Crohn’s disease or regional enteritis is the most frequent inflamma-
tory disease of the small bowel in children. The peak incidence is 
between 20 and 40 years of age, but approximately 25% of cases 
present in childhood. Most children present after 10 years of age, 
with abdominal pain and diarrhoea occurring in 70–75%. Other 
common clinical findings are fever, anorexia, weight loss, growth 
failure, peri-anal fistulae and arthritis. Rarely patients present with 
findings mimicking acute appendicitis.

Barium examination remains the imaging study of choice for 
determining the mucosal extent of Crohn’s disease. Ultrasound can 
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In patients who present with symptoms mimicking appendicitis 
ultrasound can suggest the diagnosis of unsuspected acute terminal 
ileitis.58,59 The ultrasound findings are similar to those of Crohn’s 
disease, including a thickened echo-poor wall, diminished peristal-
sis and enlarged mesenteric lymph nodes. The nodes usually range 
between 7 and 21 mm in diameter and are echo-poor with a highly 
reflective centre.59 Colour Doppler shows increased flow within the 
inflamed mucosa.54,55 A specific diagnosis of infectious or inflamma-
tory bowel disease requires stool culture or tissue sampling.

Haemorrhage
Bowel wall haemorrhage in children is usually the result of  
Henoch–Schönlein purpura or trauma. Rare causes of haemorrhage 
are bleeding diathesis and leukaemia.

Henoch–Schönlein purpura
This is an idiopathic systemic vasculitis of small vessels character-
ised by purpura, abdominal pain and arthralgia, and sometimes 
nephritis. Abdominal pain can precede the onset of the skin lesions 
and mimic an acute abdomen. In such patients, ultrasound can 
detect findings of bowel disease, which are a circumferentially 
thickened bowel wall (Fig. 70.21) that is hypervascular on colour 
flow imaging (Fig. 70.22).60–62 Initially, the acute haematoma appears 

usually measuring 1 cm or less in diameter. An abscess appears as 
an echo-poor mass with more reflective irregular borders. Highly 
reflective internal echoes can be present, representing gas or debris. 
The moderately reflective wall of an abscess helps to differentiate 
it from a thickened bowel loop, which typically has an echo-poor 
wall. Fistulae appear on ultrasound as echo-poor tracts between 
intestinal loops and other structures. They may contain highly 
reflective foci corresponding to air.56 Stenosis appears as a thick-
ened bowel wall with a narrowed lumen and increased peristalsis 
and dilatation of bowel proximal to the stenotic loop.

Acute terminal ileitis
Acute terminal ileitis may be caused by Yersinia enterocolitica, 
Campylobacter jejuni, Salmonella typhus and Behçet’s syndrome, 
though they more usually produce a mild gastroenteritis. In acute 
terminal ileitis the abdominal pain may mimic appendicitis.58 The 
distal ileum and colon are the common sites of involvement.

Figure 70.19 Crohn’s disease. Longitudinal scan of the right 
lower quadrant showing abnormal ileum with thickened echo-poor 
walls (arrows); the wall thickness ranged between 8 and 10 mm. 
The central stripe represents mucosa (open arrow). The bowel 
lumen is narrowed by the apposed thick bowel walls.

Figure 70.20 Crohn’s disease. Same patient as in Figure 70.19. 
Colour flow Doppler image showing a thickened terminal ileum 
(arrows) with increased flow in the mucosal and submucosal layers.

Figure 70.21 Henoch–Schönlein purpura. Transverse scan of 
the upper abdomen showing circumferential thickening of the 
descending duodenum (arrow). GB, gallbladder; K, right kidney; L, 
liver.

Small bowel wall thickening

• Crohn’s disease is the most frequent inflammatory bowel disease 
in children.

• Findings of Crohn disease are a partially compressible, non-
blinding tubular structure on long-axis views and bull’s-eye 
appearance on short-axis views.

• Findings of acute terminal ileitis are a thickened echo-poor wall, 
diminished peristalsis and enlarged mesenteric lymph nodes.

• Findings of bowel wall haemorrhage are wall thickening with 
varying echotexture depending on the age of the haematoma.

• Acute haematomas are more reflective than chronic haematomas.
• Bowel wall thickness in inflammatory and haemorrhagic diseases 

is <1 cm.
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an outer echo-poor muscular wall (Fig. 70.24).23,65 The presence of a 
reflective lining is relatively specific for the diagnosis of duplication 
cyst and is useful to exclude other cystic masses, such as mesenteric 
or omental cyst, choledochal cyst, ovarian cyst, pancreatic pseudo-
cyst or abscess. However, the reflective lining may be absent as a 
result of extensive mucosal ulceration by gastric enzymes. In these 
cases the appearance of the duplication cyst is similar to that of 
other cystic lesions.

Lymphoma
Lymphoma, usually non-Hodgkin’s lymphoma, is the most 
common primary malignancy of the small bowel in childhood and 
the terminal ileum is the most common site of lymphomatous 
involvement because it contains the greatest amount of lymphoid 
tissue. Children with small bowel lymphoma often present with a 
palpable abdominal mass, or with abdominal pain and vomiting 

more reflective than the surrounding tissues. With subsequent liq-
uefaction the haematoma becomes less reflective. The duodenum 
and jejunum are the common sites of bowel involvement. Ultra-
sound can also be used to detect intussusception which is a  
complication of Henoch–Schönlein purpura. The sensitivity and 
specificity of ultrasound for diagnosis of Henoch–Schönlein 
purpura are approximately 83% and 100%, respectively.62

Duodenal haematoma
Duodenal haematoma is a relatively common complication of blunt 
abdominal trauma, including non-accidental child abuse. The sono-
graphic findings of duodenal haematoma are similar to those in 
Henoch–Schönlein purpura and include bowel wall thickening 
with a varying echotexture depending on the age of the hae-
matoma.63,64 With large haematomas, there may be apposition of the 
mucosal surfaces of the thickened walls, obliterating the bowel 
lumen (Fig. 70.23). The duodenum usually is dilated proximal to 
the site of the haematoma. Associated injuries to the liver, spleen 
or kidneys should be excluded in patients with blunt or non- 
accidental abdominal trauma.

Masses

Duplication
Duplication cysts can arise anywhere in the gastrointestinal tract 
but most (35%) are found in the distal ileum, distal oesophagus 
(20%) and stomach (9%). The remainder are scattered throughout 
the bowel. Frequent signs and symptoms are a palpable mass, 
abdominal pain, vomiting secondary to bowel obstruction and 
haemorrhage. Abdominal pain is usually the result of compression 
of the adjacent bowel; rarely it is due to intussusception. Gastroin-
testinal haemorrhage may result from peptic ulceration occurring 
in duplications that contain gastric mucosa.

On ultrasonography a duplication cyst appears as a well-defined, 
unilocular echo-poor mass with good through-transmission. Rarely 
the contents are reflective or contain septations secondary to haem-
orrhage or inspissated material within the lumen. Characteristi-
cally, duplication cysts have an inner highly reflective mucosa and 

Figure 70.23 Duodenal haematoma. Longitudinal scan of the 
upper abdomen showing marked wall thickening of the transverse 
duodenum (arrowheads). S, stomach; D, dilated descending 
duodenum.

Figure 70.24 Duodenal duplication. Transverse scan of the 
upper abdomen showing an echo-poor mass (C) with an inner layer 
of echogenic mucosa (arrowhead) and an outer wall of hypoechoic 
muscle (arrow).

Figure 70.22 Henoch–Schönlein purpura. Transverse colour 
Doppler scan showing thick-walled hypervascular loops of proximal 
jejunum (arrows). Reproduced with permission from Siegel MJ, ed. 
Pediatric Sonography, 4th edition. Philadelphia: Lippincott Williams 
& Wilkins; 2010.
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Figure 70.25 Non-Hodgkin’s lymphoma. A: Transverse scan of the lower abdomen showing a thick-walled loop of ileum (I). N, lymph 
nodes. B: CT scan confirms thick-walled terminal ileum (I).

A B

due to intestinal obstruction. Systemic manifestations, such as 
malaise, anorexia, weight loss and fever, are also common.

On ultrasound the bowel wall is echo-poor and the wall thickness 
usually exceeds 1 cm (Fig. 70.25). Aneurysmal dilatation of the 
bowel lumen may be seen, secondary to mucosal invasion and 
excavation.66 Intussusception is an occasional complication. Other 
findings include splenomegaly and mesenteric and retroperitoneal 
adenopathy. The enlarged nodes are usually echo-poor, lack a 
highly reflective centre, and may contain areas of necrosis. Leiomy-
osarcoma and adenocarcinoma have been reported in childhood 
but they are extremely rare. On ultrasound these tumours appear 
as large solid masses with necrotic centres.

MESENTERIC ADENITIS

Mesenteric lymphadenitis is a clinical entity characterised by 
benign inflammation of the lymph nodes.67–69 It is commonly viral 
in origin, but Yersinia enterocolitica has been implicated in some 
cases. Affected patients present with acute abdominal pain, mim-
icking appendicitis. The condition is usually self-limited and treated 
symptomatically.

Multiple enlarged, echo-poor mesenteric lymph nodes greater 
than 3 in number and 5 mm in anteroposterior diameter, with or 
without mild bowel wall thickening, establishes the diagnosis on 
ultrasound (Fig. 70.26).69 The nodes usually are isoechoic or echo-
poor relative to surrounding tissues and muscles and may retain 
their echogenic central hila. Colour Doppler ultrasound usually 
shows central flow in the hilar areas (Fig. 70.27).

APPENDIX

Acute appendicitis is the commonest cause of emergency abdomi-
nal surgery in children.70–73 Typical signs and symptoms are present 
in most patients and include abdominal pain, nausea, vomiting, 
anorexia and fever. About one-third of patients have atypical find-
ings: in these cases high-resolution graded-compression ultrasound 
may be of value to establish the diagnosis of appendicitis and to aid 
in the diagnosis of other abdominal or pelvic conditions that may 
mimic the disorder.70–76

The graded-compression technique, described by Puylaert, is 
used to compress the right lower quadrant.77 Gentle gradual pres-
sure is applied to the anterior abdominal wall with a linear array 

Figure 70.26 Mesenteric adenitis. Multiple echo-poor lymph 
nodes (arrows) are noted on this longitudinal scan of the right lower 
quadrant.

Small bowel masses

• Duplication cyst appears as a well-defined, unilocular echo-poor 
mass with good through-transmission, inner highly reflective 
mucosa and outer echo-poor wall.

• Lymphoma is the most common small bowel malignancy in 
childhood.

• Finding of lymphoma is echo-poor wall thickening, usually >1 cm.



CHAPTER 70 • Paediatric bowel and mesentery

1396

Figure 70.28 Acute appendicitis. A: Scan of the right lower quadrant shows a tubular fluid-filled appendix (callipers) with a reflective 
submucosal lining (arrowheads). B: On a transverse scan the appendix (callipers) has a target appearance.

A B

Figure 70.29 Acute appendicitis. The appendix (A) is fluid-filled 
and contains an appendicolith (arrow) with acoustic shadowing 
(arrowheads).

target appearance, representing the fluid-filled centre, the subjacent 
submucosa and the outer echo-poor muscular wall. Intraluminal 
reflective foci are occasionally identified and may indicate the pres-
ence of an appendicolith (Fig. 70.29) or intraluminal gas. Colour 
flow Doppler interrogation demonstrates flow in the wall of the 
appendix (Fig. 70.30).81–83 Enlarged mesenteric nodes may be identi-
fied and a small amount of fluid may be seen adjacent to the appen-
dix, even in the absence of perforation.

The normal appendix is visible with the graded-compression 
technique in about 5–10% of patients.70,71 It is compressible, blind-
ending and measures 6 mm or less in maximum diameter. The thin 
echogenic inner layer of mucosa/submucosa and the hypoechoic 
outer zone representing the muscularis propria are usually identifi-
able (Fig. 70.31). A small amount of fluid or gas may be noted within 
the lumen.84 There usually is no demonstrable flow on colour flow 
Doppler imaging.81–83

or curved array transducer (5 or 7.5 MHz). At the start of the exami-
nation the patient is asked to point with one finger to the site of 
maximal tenderness and pain. This self-localisation expedites the 
search for an inflamed appendix, especially an aberrantly located 
one, and reduces the time of the examination.78,79 Adequate exami-
nations are achieved in over 95% of patients. Technical failures are 
due to the presence of severe pain, marked ascites or obesity, which 
preclude satisfactory compression.

Normal air-filled bowel loops are easily compressed and dis-
placed from the right lower quadrant, but the inflamed obstructed 
appendix is not compressible. On the long-axis image the inflamed 
appendix appears as a fluid-filled non-compressible tubular  
structure with one blind end and a diameter, from outside wall to 
outside wall of at least 6 mm70,73,80 (Fig. 70.28). In early non-
perforated appendicitis an inner reflective lining, representing sub-
mucosa, can be noted. In the short-axis plane the appendix has a 

Figure 70.27 Mesenteric adenitis. Transverse colour flow 
imaging of the right lower quadrant shows central flow within an 
enlarged lymph node (arrow).
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Complications

Perforation occurs in 20–30% of children with appendicitis. The best 
predictors of perforation are loss of the reflective submucosa, 
increased peri-appendiceal reflectivity and abscess formation (Fig. 
70.32).85 The appendix itself is visible in only 40–60% of children 
with perforation.83,85

Abscesses can be limited to the right lower quadrant or they can 
extend into the pelvis or the peritoneal spaces of the upper abdomen. 
Appendiceal abscess appears as an echo-poor or complex mass (Fig. 
70.33). Colour Doppler ultrasound shows flow in the wall of the 
abscess.86 Peritonitis, another complication of appendicitis, is sug-
gested by dilated fluid-filled bowel loops with thick, echogenic 
walls usually associated with ascites (Fig. 70.34). Colour flow 
imaging demonstrates increased flow in the bowel wall and adja-
cent soft tissues.

Figure 70.30 Acute appendicitis. Colour flow Doppler image 
shows a dilated appendix (arrows) with peripheral hypervascularity.

Figure 70.31 Normal appendix. Scan of the right lower quadrant 
showing a tubular structure (callipers) measuring 5.4 mm in 
diameter with a reflective mucosal centre.

Figure 70.32 Perforated appendicitis. Longitudinal scan showing 
a dilated appendix and marked peri-appendiceal reflectivity (arrows). 
An appendicolith (arrowhead) within the lumen of the appendix is 
also seen. Peri-appendiceal phlegmon was documented at surgery.

Figure 70.33 Appendiceal abscess. Longitudinal scan of the 
pelvis showing a complex fluid collection (arrows) in the right lower 
quadrant. A separate appendix could not be identified. The abscess 
cavity contains an appendicolith (open arrow) with a posterior 
acoustic shadowing. F, free pelvic fluid.
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Figure 70.34 Peritonitis. A: Transverse scan of the right lower quadrant demonstrates fluid-filled bowel loops (arrows) with thick, 
echogenic walls. An extraluminal appendicolith (arrowhead) is also seen. B: Colour Doppler interrogation of the right lower quadrant shows 
increased blood flow within the bowel wall and adjacent soft tissues. Reproduced with permission from Siegel MJ, ed. Pediatric 
Sonography, 4th edition. Philadelphia: Lippincott Williams & Wilkins; 2010.

A B

Figure 70.35 Retrocaecal appendix. Transverse scan of the right 
lower quadrant shows a dilated appendix (arrow) located lateral to 
the caecum (C).

Diagnostic efficacy

The sensitivity of ultrasound for diagnosing appendicitis ranges 
between 80% and 95%, the specificity from 89% to 100% and the 
accuracy from 90% to 96%.70–76,87 The sensitivity and specificity of 
colour Doppler are approximately 90% and 95%, respectively.83 
Colour Doppler does not increase the sensitivity of the examination 
but it makes interpretation of the greyscale ultrasound findings 
easier and can increase observer confidence in the diagnosis of 
appendicitis.

False negative diagnoses
False negative diagnoses may result from inability to compress the 
right lower quadrant because of severe pain or tense ascites; an 
aberrant location of the appendix, such as a retrocaecal position 
(Fig. 70.35); perforation; or early appendicitis. The problem of a 
retrocaecal appendix can be minimised by having the patient iden-
tify the site of maximal tenderness before the start of the examina-
tion. Although the appendix is not recognisable in many patients 
with perforation the identification of secondary findings, such as 
thickening of adjacent aperistaltic bowel loops, interloop fluid, 
phlegmon or abscess, can help to suggest the diagnosis. Another 
pitfall is early inflammation limited to the appendiceal tip, which 
can be missed if only the proximal appendix is imaged.88

False positive diagnoses
Causes of false positive diagnoses include the normal appendix and 
other inflammatory diseases which may secondarily affect the 
appendix, such as Crohn’s disease or pelvic inflammatory disease. 
An inflamed Meckel’s diverticulum may also mimic appendicitis.

When ultrasound fails to identify findings of acute appendicitis 
it is important to examine the pelvis and upper abdomen.70–73 
Approximately one-quarter to one-third of children referred for 
sonographic evaluation of suspected appendicitis will have that 

condition and another one-quarter to one-third of children will 
have specific alternative diagnoses, usually gynaecological dis-
eases, gastrointestinal tract abnormalities or renal diseases. Between 
one-third and one-half of children will have resolution of abdo-
minal pain without a specific diagnosis being established.70–73
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Colitis

Ultrasound is used in colitis to establish the diagnosis of colitis and 
to detect complications, such as ascites or abscess. Colitis produces 
colonic wall thickening.56–59,90–93 Such thickening is non-specific and 
can be seen in granulomatous colitis, ulcerative colitis, pseudomem-
branous colitis, neutropenic colitis (typhlitis), haemolytic uraemic 
syndrome, and infectious diseases such as Yersinia, Salmonella or 
Shigella colitis (Fig. 70.37). Additional findings of colitis include 
enlarged mesenteric lymph nodes, peritoneal or retroperitoneal 
fluid and abscess.

Although wall thickening is non-specific, the severity (mucosal or 
transmural inflammation) and distribution can sometimes help in 
diagnosis. Granulomatous colitis is a transmural inflammatory 
process usually involving the right colon, terminal ileum and rectum, 
with areas of normal bowel (i.e. skip areas) in between.56–59 Ulcera-
tive colitis is a mucosal process that typically begins in the rectum 
and extends proximally in a contiguous pattern.56–59 Pseudomem-
branous colitis involves primarily the mucosa and occurs almost 
exclusively in patients who have been on antibiotic therapy. It is a 
pancolonic disease caused by toxin-producing Clostridium difficile 
bacteria.90,92 In addition to colonic wall thickening, it can produce 
exaggerated haustral markings. Neutropenic colitis is a necrotising 
mucosal and/or transmural inflammatory process that affects 
immunocompromised patients, including neutropenic children 
undergoing chemotherapy and patients with acquired immunode-
ficiency syndrome (AIDS). It is usually localised to the caecum and 
right colon. The haemolytic uraemic syndrome is thought to be an 
antigen–antibody reaction to bacterial toxins, Escherichia coli 0157:H7 
being one of the most frequent pathogens. This serotype produces a 
verotoxin, resulting in a vasculitis that damages endothelium which 
in turn causes deposition of fibrin microthrombi in the kidneys. It 
can involve the whole colon. Infectious diseases are typically 
mucosal infections and may involve part or all of the colon.

If the inflammatory process primarily involves the mucosa, the 
inner echogenic mucosal layer becomes thickened; the outer mus-
cular layer of the colonic wall remains thin. When there is transmu-
ral inflammation, there is thickening of the entire colonic wall 
(mucosa, submucosa and muscularis).

Colour Doppler ultrasound demonstrates hyperaemia of the 
thickened colonic segments in most inflammatory and infectious 
processes. In the early stages of the haemolytic uraemic syndrome, 
colour Doppler scanning demonstrates a hypovascular colon, prob-
ably related to fibrin microthrombi. In the recovery stage the colonic 
wall becomes hypervascular, indicating reperfusion.94

Appendicitis

• Acute appendicitis is the most common abdominal emergency in 
children.

• Appendicitis appears as a fluid-filled non-compressible tubular 
structure with one blind end and a diameter of at least 6 mm.

• Colour flow Doppler demonstrates flow in the inflamed, 
appendiceal wall.

• A normal appendix is a compressible, blind-ending structure, 
6 mm or less in diameter.

• Perforation occurs in 20–30% of children with appendicitis.
• Appendiceal abscess appears as an echo-poor or complex mass 

with hyperaemic walls.

Figure 70.36 Low imperforate anus. Longitudinal scan through 
the perineum showing a fluid-filled distal rectal pouch (R). The 
pouch–perineum distance was less than 1.0 cm. Arrow, distal end 
of the rectal pouch; B, bladder.

Colon

• In imperforate anus ultrasound has been used to measure the 
distance between the distal rectal pouch and perineum to 
determine if a lesion is low or high.

• Ultrasound is used in colitis to establish the diagnosis and 
complications.

• Colitis produces non-specific wall thickening, hyperaemia on 
colour Doppler imaging, enlarged mesenteric lymph nodes and 
ascites.

• Necrotising enterocolitis produces thick-walled, fluid-filled loops of 
bowel, pneumatosis intestinalis, absent peristalsis, and portal 
venous air.

COLON

Normal anatomy

With the exception of the right colon and rectum most of the large 
bowel is not amenable to ultrasound scanning because the faecal 
contents and gas produce intense reflection, with acoustic shadow-
ing. When the lumen is fluid filled, the submucosa and the echo-
poor muscularis can be identified. For practical purposes, the role 
of ultrasound in the colon is limited to evaluation of inflammatory 
bowel disease. A rarer indication is the evaluation of imperforate or 
ectopic anus.

Imperforate or ectopic anus

Imperforate or ectopic anus is characterised by an abnormal termi-
nation of the hindgut. The important consideration for surgical 
management is the relationship of the most caudal portion of the 
hindgut to the puborectalis or levator sling. Ultrasound has been 
used to measure the distance from the distal rectal pouch to the 
perineum. Longitudinal midline images are obtained through the 
perineum. The examiner’s finger is placed on the perineum at  
the site of the anal dimple and the distance from the distal rectal 
pouch to the perineum is measured (Fig. 70.36). A pouch–perineum 
distance of less than 1.0 cm suggests a low lesion, a distance of 
1.0–1.5 cm indicates an intermediate lesion, and more than 1.5 cm 
implies a high lesion.89 The disadvantages of ultrasound are that it 
is time-consuming and there is overlap in the measurements 
between high and low lesions. A high lesion can be mistaken for a 
low one if the ultrasound scan is performed when the infant is 
crying, as this displaces the pouch caudally. Because of the lack of 
reproducibility, this technique is not widely used to evaluate the 
end of the hindgut.
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echogenic foci within the liver (Fig. 70.39). Ultrasound findings of 
ascites with fluid/debris levels is suggestive of perforation. 
Increased flow velocity in the coeliac and superior mesenteric arter-
ies, most likely due to vasoconstriction, has been noted on Doppler 
ultrasound.98

Neoplasms

Polyps and duplications are the most common benign colonic 
masses in children and lymphoma is the common malignant 
tumour. These masses present clinically as a palpable mass, bowel 
obstruction or rectal bleeding. On ultrasound the appearance is 

Necrotising enterocolitis

Necrotising enterocolitis is an ischaemic disease of bowel, usually 
affecting premature newborn infants. Plain abdominal radiography 
has been the traditional method to establish the diagnosis, but ultra-
sound can be useful when plain radiographs are equivocal. The 
ultrasound findings of necrotising enterocolitis are thick-walled, 
fluid-filled loops of bowel, pneumatosis intestinalis, absent peristal-
sis, and portal venous air.95–97 Pneumatosis intestinalis may be 
visible on sonography before it is seen on radiographs, appearing 
as small echogenic foci in the non-dependent wall or as a continu-
ous echogenic ring (Fig. 70.38). Portal venous gas appears as small 

Figure 70.37 Colitis. A: Neutropenic colitis. Longitudinal scan showing a thickened right colon (arrows). B: Pseudomembranous 
colitis. Transverse scan shows markedly thickened right hepatic flexure and prominent haustral pattern (arrows). Because of the extensive 
inflammation individual bowel layers cannot be identified. LI, liver. C: Shigella colitis. Transverse ultrasound of the caecum shows 
concentric thickening of the caecal wall (arrows). D: Haemolytic uraemic syndrome. Longitudinal scan of the right colon shows diffuse 
wall thickening (callipers). In panels A, C and D, there is thickening of the mucosal and submucosal layers; the thin hypoechoic wall is 
relatively preserved.

A

B

C
D
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infectious or inflammatory processes, bleeding, lymphatic obstruc-
tion and urine leakage. Ascites can appear echo-free or complex.  
Transudative, chylous or uriniferous ascites are usually echo-free, 
whereas haemorrhagic, infectious, neoplastic or pancreatic ascites 
tend to be more complex with internal echoes or septations. Chylous 
ascites also may sometimes be echogenic if the chyle has a high lipid 
content (Fig. 70.40). Intraperitoneal fluid accumulates chiefly in the 
right perihepatic space, Morison’s pouch and the cul-de-sac. With 
a large amount of ascites the small bowel loops are displaced cen-
trally within the abdomen and fluid accumulates adjacent to and 
between loops.

Loculated ascites, caused by postoperative or inflammatory 
adhesions, produces a septated fluid collection that may displace 
adjacent structures. On ultrasound scanning loculated ascites may 
simulate other pathology, such as a duplication cyst, meconium 
pseudocyst, dilated bowel, urachal cyst, lymphocele, haematoma or 
abscess. Differentiation requires clinical correlation and, in some 
instances, percutaneous needle aspiration.

Inflammatory disease

Abdominal abscesses in children are usually the result of intestinal 
perforation secondary to appendicitis or Crohn’s disease, but they 
may also follow pelvic surgery or trauma or be a sequel of pelvic 
inflammatory disease. Patients typically present with fever, leuko-
cytosis and abdominal pain. The characteristic ultrasound appear-
ance of intraperitoneal abscess is an echo-poor mass (see Fig. 70.33) 
with a reflective rim. Occasionally fluid/debris levels, septations or 
gas can be encountered. Gas can be recognised as intensely reflec-
tive foci, usually with acoustic shadowing. Careful observation 
while holding the transducer still may show the mobile gas bubbles 
in anaerobic abscesses.

Omental infarction

Segmental infarction of the greater omentum is another cause of 
acute abdominal pain that can mimic acute appendicitis. Ultra-
sound shows a heterogeneous, highly reflective mass within the 

Figure 70.38 Necrotising enterocolitis. Transverse scan 
showing multiple highly reflective areas representing gas (arrows) 
within the bowel wall.

Figure 70.39 Necrotising enterocolitis. Scan through the liver 
shows multiple, punctate echogenic foci (arrows) representing portal 
venous air.

Figure 70.40 Ascites. Longitudinal scan of the right lower 
quadrant showing echogenic ascites (A) surrounding several small 
bowel loops (S). Chylous ascites was proven by aspiration.

similar to that of gastrointestinal polyps, duplications and lympho-
mas elsewhere in the bowel (see above).

PERITONEAL CAVITY

Ascites

Ultrasound is a sensitive method for detecting peritoneal fluid. The 
common causes of ascites are hypoalbuminaemia, ‘third-spacing’ 
(shift of fluid into the peritoneal cavity secondary to shock), 
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omental fat (Fig. 70.41). It characteristically is located at the anterior 
abdominal wall near the transverse or ascending colon.99,100 The 
margins of the lesion may be well circumscribed or ill defined.

Tumours of the mesentery and peritoneum

Benign lesions
Mesenteric cysts, also known as lymphangiomas, result from a 
developmental malformation of the lymphatic system. Affected 
patients typically present with a palpable abdominal mass or 
chronic pain, but they may present with acute abdominal pain if 
the cyst undergoes torsion. Characteristically mesenteric cysts are 
large, thin-walled, multilocular masses (Fig. 70.42);101–104 they are 

Figure 70.42 Mesenteric cyst. Longitudinal scan of the mid-
abdomen showing a large complex mass (callipers) with multiple 
fluid-filled spaces separated by septa (arrows).

Figure 70.43 Cerebrospinal pseudocyst in a 17-year-old boy. A: Transverse scan of the left upper quadrant shows a large anechoic 
cystic mass (C) adjacent to the spleen (S) and left kidney (K). B: Axial CT image confirmed cerebrospinal pseudocyst (arrows), which 
contains ventriculoperitoneal shunt catheter (curved arrow).

A B

Figure 70.41 Omental infarct. Transverse view through the upper 
abdomen demonstrates a highly reflective mass (arrows) beneath 
the rectus muscles.

rarely unilocular. Debris and internal septations may be present 
secondary to prior haemorrhage or infection Most are located in the 
small bowel mesentery, with the mesocolon and omentum being 
less common sites of origin.

Pseudocysts are encountered in children with ventriculoperito-
neal shunts. Adhesions develop around a shunt catheter following 
localised peritonitis, limiting the distribution of fluid in the perito-
neal cavity and resulting in a cerebrospinal fluid pseudocyst. A 
pseudocyst appears as a well-circumscribed anechoic mass (Fig. 
70.43). The shunt catheter may be visualised within the fluid, 
appearing as a linear echogenic structure with distal acoustic 
shadowing.

Teratomas occasionally arise in the mesentery. They usually 
contain an admixture of tissue, including large cystic components 
and echogenic fat, calcification and soft tissues. Benign lesions tend 
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Less frequent malignant intraperitoneal tumours in children 
include rhabdomyosarcoma, neuroblastoma, primitive neuroecto-
dermal tumour, extragonadal germ cell tumours, and mesotheli-
oma.106 These have a variety of appearances, ranging from small 
peritoneal or mesenteric nodules to a large peritoneal mass. Addi-
tional findings may include ascites, bowel wall thickening and 
omental caking.
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Peritoneal cavity

• Ascites can appear echo-free or complex.
• Abdominal abscesses are usually the result of intestinal 

perforation secondary to appendicitis or Crohn’s disease.
• Finding of intraperitoneal abscess is an echo-poor mass.
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Figure 71.1 Normal development of the permanent kidney (metanephros) (reproduced with permission from Moore KL, Persaud TVN. 
The Developing Human. Clinically Oriented Embryology, 6th Edition. Philadelphia. WB Saunders. 1998). A: Lateral view of a 5-week 
embryo showing the development of the metanephric primordium. B–E: Longitudinal section through the metanephros of an embryo 
between 5 and 8 weeks showing the development of the metanephric diverticulum (ureteric bud), collecting tubules, calyces, renal pelvis 
and ureter.
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PAEDIATRIC RENAL TRACT

Ultrasound is the imaging modality of choice in the initial evalua-
tion and follow-up of the neonatal and paediatric urinary tract and 
is often critical in informing the subsequent clinical management of 
children presenting with suspected urinary tract pathology. Ultra-
sound provides invaluable real-time anatomical information. A 
contemporary renal tract ultrasound is an extremely useful adjunct 
in interpreting functional urinary tract imaging studies such as 
scintigraphy or voiding cystourography (VCUG).

This chapter focuses on the paediatric aspects of renal disease as 
applied to ultrasound imaging practice. The aim of this chapter is 
not only to concentrate upon pathology exclusive to children but 
also to describe the unique paediatric features of conditions common 
to both adults and children.

Renal tract embryology

Kidneys and ureters
The kidneys progress through three distinct phases of development 
in utero: the pronephros, mesonephros and metanephros (Fig. 
71.1A). Each is mesodermal in origin and arises from the nephro-
genic cord.

The pronephros (fetal forekidney) is non-functioning, and devel-
ops from paired cervical intermediate mesoderm around the  
third week of gestation. The pronephros rapidly involutes and is 
replaced by the mesonephros, which forms immediately caudal to 
the pronephros.

The mesonephros (mid kidney) develops around the fourth week 
in the thoracic region. These are transient excretory organs in fetal 

life and function as interim kidneys until the permanent kidneys 
develop.1 Each consists of glomerular tubules which drain into the 
mesonephric ducts. These regress at around 8 fetal weeks.

The metanephros (permanent kidney) develops around the fifth 
week from two sources: the metanephric diverticulum (ureteric 
bud) and the metanephric blastema. The ureteric bud arises from 
the mesonephric duct close to its insertion into the cloaca and grows 
toward the nephrogenic cord giving rise to the ipsilateral ureter, 
pelvicalyceal system and collecting tubules. The latter undergo suc-
cessive branching and induce clusters of mesenchymal cells in the 
metanephric blastema to form nephrons (Fig. 71.1B–E). By the third 
month of gestation the nephrons are analogous to those of an adult. 
The permanent kidneys are formed by the fusion of multiple renal 
lobes (renunculi), each composed of a medullary pyramid and over-
lying cortex. The fully formed definitive fetal kidney shows a 
normal lobulated appearance.

The permanent kidneys initially lie within the pelvis. With 
abdominal growth the kidneys begin to move apart and ascend 
until they eventually assume their normal retroperitoneal locations 
within each renal fossa (Fig. 71.2). When the kidney reaches the 
adrenal gland its cranial ascent ceases.

Urinary bladder and urethra
The lower urinary tract arises from the cloaca, which drains the 
mesonephric ducts and distal embryonic ureters. The urorectal 
septum divides the cloaca into dorsal anorectal canal and ventral 
urogenital sinus at around 4–6 weeks gestation (Fig. 71.3). The 
bladder arises from the upper urogenital sinus. The cranial portion 
is continuous with the allantois and forms most of the bladder. The 
allantois regresses to form the urachus, a thick fibrous cord that 
extends from the umbilicus to the roof of the bladder. The caudal 
portion descends toward the genital tubercle and contributes to the 
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Figure 71.2 Normal development, rotation and migration of the kidneys from the pelvis to the abdomen (reproduced with 
permission from Moore KL, Persaud TVN. The Developing Human. Clinically Oriented Embryology, 6th Edition. Philadelphia. WB Saunders. 
1998). Line diagrams showing ventral views of the fetal abdomen and pelvis between 6 and 9 weeks. A, B: There is regression of the 
mesonephros. C, D: Each kidney ascends and undergoes rotation such that its hilum is normally directed anteromedially. Note that the 
renal blood supply arises from progressively higher levels as the kidney ascends.
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Transverse views should also be used to:
n assess the entire short axis of the kidney from upper pole 

through the renal pelvis and to the lower pole (Fig. 71.5)
n document renal AP pelvic diameter.

Renal AP pelvic diameter is assessed in transverse plane and the 
maximal measurement is obtained (Fig. 71.5C). Colour Doppler is 
helpful in differentiating between normal hilar vessels and the  
hypoechoic renal pelvis

Doppler imaging

Doppler evaluation should form part of the routine examination of 
the kidneys. The success of scanning does depend greatly upon 
patient cooperation and may not be practicable in all children. 
Colour Doppler is particularly useful in delineating regional per-
fusion (Fig. 71.6A), vessel patency (Fig. 71.6B) and in assessing 
renal vascular resistance using estimates of the resistive index (RI) 
(Fig. 71.6C). A renal vessel of sufficient length should be interro-
gated in order to obtain a good quality trace. The intrarenal arter-
ies are more readily sampled and are a useful surrogate in those 
children where good quality traces of the main renal artery are not 
possible. Each kidney should be assessed using the same opti-
mised parameters.

Ureters
Distal ureteric dilatation can be assessed in the transverse plane 
(Fig. 71.7A) and along the ureteral long axis in the oblique paras-
agittal plane (Fig. 71.7B) by using the urinary bladder as an acoustic 
window. Ureteric dilatation during voiding or which persists fol-
lowing complete emptying of the bladder is likely to be pathologi-
cal. The dilated ureter may be traced proximally to the renal pelvis 
and in severe cases be massively distended (Fig. 71.7B) and easily 
confused with bowel loops. The ureters should not usually exceed 
5 mm in calibre in normal individuals.2 Urothelial thickening 
should be assessed from the ureterovesical junction to the uretero-
pelvic junction.

Urinary bladder, prostate gland and  
seminal vesicles
The urinary bladder is assessed by carefully sweeping the probe in 
transverse and longitudinal planes perpendicular to the anterior 
abdominal wall. By avoiding the temptation to simply sweep 
through the bladder by angulating the probe at a fixed point, it is 
unlikely that a focal lesion in the bladder wall will be missed. The 
suprapubic region is also better assessed by this method looking for 
urachal abnormalities.

Pre-micturition and post-micturition residual volumes should be 
measured (Fig. 71.8). Bladder wall thickness in the distended state 
is measured and should be less than 3 mm (Fig. 71.9).3 Measure-
ment should be made away from the trigone, which is the thickest 
portion of the bladder.

In the older male child the prostate gland and seminal vesicles 
are usually identifiable on ultrasound and are best appreciated in 
the transverse plane deep to an adequately distended urinary 
bladder (Fig. 71.10). The male urethra may be evaluated using a 
transperineal window or by scanning along the shaft of the penis.

Normal imaging anatomy  
and appearances

Both kidneys are bean-shaped retroperitoneal organs lying at 
around the T12 to L3 regions. The left kidney is usually a little more 
cranial in position relative to the right. Both lower poles are nor-
mally more laterally placed.

bladder neck, entire female urethra and in males the prostatic 
urethra and ejaculatory ducts. The distal ureters and mesonephric 
duct separate at this time. The bladder trigone is formed from the 
mesonephric ducts. The distal ureters move superolaterally and 
obliquely insert through the bladder base.

The epithelium of the urethra develops from the endoderm of the 
urogenital sinus. In the male the distal urethra is also formed by 
superficial ectoderm.

Renal tract ultrasound technique

Examinations should be performed with the child well hydrated 
and with a full urinary bladder. The bladder should be assessed 
first and if sufficiently distended then the pelvic component of the 
examination should be undertaken. Oral clear fluids or intravenous 
fluids in patients nil by mouth can be given if the bladder is poorly 
distended. In the newborn the urinary bladder will often empty 
quickly and a further feed can be given if required.

Assessment of the upper renal tracts with a full urinary bladder 
may overestimate trivial upper renal tract dilatation. Post- 
micturition views may very occasionally underestimate significant 
upper tract dilatation. In practical terms a quick assessment of  
the upper tracts should be made with a full bladder and a more 
detailed assessment post voiding. An over-distended bladder also 
increases the likelihood of non-compliance during the study.

Neonates should ideally be assessed with a small footprint cur-
vilinear broadband probe (7–9 MHz). Small children should be 
scanned using a larger footprint curvilinear probe (4–7 MHz) and 
larger children with a 3–5 MHz curvilinear probe. If an abnormality 
is detected then imaging with a linear high-resolution probe  
should always be considered. Optimised colour flow and pulsed 
Doppler wave imaging can demonstrate vascular structures, enable 
differentiation between cyst and solid and delineate regional  
blood flow.

Kidneys

Greyscale imaging

Each kidney should be assessed carefully across its entire long  
and short axis. Evaluation of the kidney should include an assess-
ment of:
n renal position and outline
n cortical echogenicity relative to adjacent liver or spleen
n corticomedullary differentiation and medullary echogenicity
n cortical depth – looking for scarring
n focal lesion – stone, mass or cyst (noting dimensions, position 

and echotexture)
n renal pelvic diameter anteroposterior (AP)
n presence of calyceal distension and/or proximal hydroureter
n measurement of size – bipolar lengths and depending on local 

practice volumes
n renal bed.

A combination of the supine, lateral decubitus, posterior  
oblique and prone positions may be required to scan each kidney. 
Each examination should be tailored to the individual patient.  
Children with significant scoliosis often present a considerable  
challenge to obtain satisfactory views. The prone position is recom-
mended in order to obtain a non-magnified maximal bipolar renal 
length.

Longitudinal views should be used to assess:
n renal cortical echogenicity compared to adjacent liver or 

spleen (Fig. 71.4A)
n relative size of the kidney versus the liver or spleen (Fig. 

71.4B, C).
n renal length (Fig. 71.4D), prone length (Fig. 71.4E)
n cortical depth (Fig. 71.4E).
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Figure 71.4 Normal sonographic appearances and technique 
in assessing the long axis of the kidney, longitudinal 
sonograms. A: The normal hypoechoic renal cortical echotexture to 
that of adjacent spleen in a 12-year-old. B: The normal relative size 
of the right kidney compared to the liver; both should be roughly of 
equal size on this view. C: Right renal length greater than that of 
adjacent liver; in this case the right kidney shows appropriate 
compensatory hypertrophy as the left kidney was scarred from a 
prior ischaemic episode. Conversely the kidney could be of normal 
size and the liver atrophic. D: Use of the prone position to assess 
bi-polar length (between callipers). E: Assessment of cortical depth.
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The renal medullae in newborns are relatively prominent, well-
defined hypoechoic structures (Fig. 71.11). Care should be taken not 
to misinterpret these as cysts. Medullary echogenicity and size rela-
tive to the cortex normalises by 12 months of age.

Normal sonographic appearances of  
the kidneys
The kidneys of the newborn differ in several ways from those of the 
older child and adult.

At birth the renal cortex normally appears relatively bright, and 
is either isoechoic or slightly hyperechoic to the normal liver and 
spleen (Fig. 71.11). This is accounted for by increased cortical 
cellularity and the relatively high proportion of cortical glomeruli 
at this age. Renal cortical echogenicity is similar to that of an adult 
in most children by around 4–6 months of age and in almost all 
children by 12 months.

Figure 71.5 Normal sonographic appearances and technique in assessing the short axis of the kidney. A: Transverse sonogram 
showing a normal upper renal pole (arrowheads) adjacent to a complex cyst in the adrenal gland following adrenal haemorrhage. The cyst 
resolved on follow-up ultrasound. B: Normal lower renal pole. C: Colour Doppler image showing the utility of Doppler in demonstrating a 
normal hypoechoic renal pelvis.

A

B

C

Unique sonographic features of the neonatal kidney compared to  
the older child

• Cortical echogenicity is increased and isoechoic or slightly 
hyperechoic to liver and spleen.

• Medullary pyramids are prominent and hypoechoic.
• Absent echogenic renal sinus.
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more medullae are fused and open into a single compound calyx. 
This is normally located at the polar regions of the kidney, which 
can be prone to intrarenal reflux of urine and in the case of 
urinary tract infection may explain the vulnerability of the polar 
regions to scarring.

An extrarenal pelvis is a normal anatomical configuration which 
should not be confused with hydronephrosis. In extrarenal pelvis 
there is no calyceal dilatation and the transverse AP renal pelvic 
diameter does not exceed 10 mm (Fig. 71.13). In hydronephrosis the 
AP renal pelvic diameter (APRPD) exceeds 10 mm and there is 
accompanying calyceal dilatation. The degree of hydronephrosis is 
moderate when the APRPD is between 10.1 and 14.9 mm, and 
severe if the APRPD exceeds 15 mm.

Normal sonographic values

Renal length and volume varies with body mass and age.

Neonates also typically lack hyperechoic renal sinus fat. Most 
children will show a normal hyperechoic renal sinus by the time 
they reach teenage years.

Fetal lobulation may affect either of the kidneys although it is 
more pronounced on the left and results from incomplete fusion 
of the fetal renal lobes. This is normal at birth and is characterised 
by sharp cortical indentations along the outer border of the 
kidney that occur between the underlying calyces (Fig. 71.12). 
Fetal lobulation disappears in most children by 5 years of age but 
can persist in a very small number and should be considered a 
normal variant.

A number of other variations in normal ultrasound appearance 
are common in childhood and are summarised in Table 71.1. The 
spleen often causes an impression upon the upper pole of left 
kidney and this is frequently seen on ultrasound and nuclear 
medicine studies. Normally a single renal pyramid has a single 
medulla which opens into a single ‘simple calyx’. A compound 
calyx results from a developmental anomaly in which two or 

Figure 71.6 Doppler sonography. A: Normal renal colour flow pattern and relationship of the renal vessels to the collecting system, 
pyramids and cortex. B: Normal Doppler waveform in a patent native renal vein showing phasicity with gentle respiration. C: Assessment 
of resistive index (RI) in a normal native main renal artery.
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Figure 71.7 Ureteric assessment. A: Transverse sonogram in a newborn female with bilateral distended distal ureters (arrowheads) 
behind the urinary bladder. B: Oblique sonogram in the same patient showing distal ureteric dilatation (*) to the vesico-ureteric junction. 
C: Longitudinal sonogram in a newborn male with vesico-ureteric reflus showing a dilated ureter (*) with urothelial thickening (arrow) and 
some dependent debris. The ureter could be traced from the pelvis to the kidney.
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Figure 71.8 Bladder volume assessment. A: Dual screen sonogram showing post-micturition volume calculation. B: Longitudinal 
sonogram in a neonate showing an incidental finding of reflux of urine into the vagina during micturition. Arrowhead indicates uterus. *, 
Anechoic urine refluxed into the vagina.

A B
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Figure 71.9 Bladder wall thickness. A: Longitudinal sonogram showing a thick-walled urinary bladder (between callipers) in a boy with 
(B) a markedly trabeculated urinary bladder on VCUG. C: Transverse post-micturition sonogram in the same child showing impressive 
focal wall bladder wall thickening (arrowheads). Measurements should be taken from the mucosa to the serosa.
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Figure 71.10 The prostate gland and seminal vesicles. Transverse sonograms showing (A) the normal prostate gland and (B) typical 
‘bow tie’ arrangement of the seminal vesicles. C: Longitudinal sonogram showing a contained cyst (between callipers) deep to the base of 
the urinary bladder in the expected position of the prostate gland in keeping with a prostatic utricle.
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Figure 71.11 The normal neonatal kidney. Longitudinal 
sonogram of the right kidney in a healthy neonate. The renal 
medullae are relatively prominent hypoechoic structures. The normal 
neonatal renal cortex is isoechoic or very slightly hyperechoic to 
adjacent liver. The cortex is relatively thinner and there is a distinct 
lack of hyperechoic renal sinus fat seen normally in older children.

Figure 71.12 Fetal lobulation. A: Longitudinal sonogram of the right kidney in a 1-month-old infant showing the typical pattern of fetal 
lobulation. B: Magnified image showing a sharp indentation in the outer cortical border (arrow) between the renal pyramids; this may be 
differentiated from renal scarring where the affected area is seen as a broad-based cortical defect or zone of parenchymal thinning 
overlying a renal pyramid.

A B

Table 71.1 Normal sonographic variants (data from 
Paspulati and Bhatt4)

Normal variant/
Pseudolesion Sonographic finding

Persisting fetal 
lobulation

Refers to persistence of normal fetal 
development with pronounced notching 
of the external surface of the cortex 
midway between adjacent calyces
cf. renal scarring, which occurs directly 
over a calyx (Fig. 71.12)

Hypertrophied 
column of Bertin

Represents unresorbed polar junctional 
parenchyma from one or more of fetal 
subkidneys (renunculi) that fuse to form 
the normal kidney (Fig. 71.14)

Junctional 
parenchymal defect

Thin echogenic triangular notch resulting 
from lack of fusion of the fetal 
subkidneys; more common on the right 
kidney. Anterosuperior or posteroinferior 
in location

Interrenicular septum Echogenic line connecting a junctional 
parenchymal defect to the renal hilum 
(Fig. 71.15)

Dromedary hump Represents an additional mass of 
normal tissue found at the lateral portion 
of the left kidney

Compound calyx Fused renal papillae which drain into 
fused calyces
Commonly found at the poles (usually 
the upper pole)
Thought to increase the risk of internal 
reflux and scarring
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Figure 71.13 Extrarenal pelvis and terminology in upper renal 
tract dilatation. A: Transverse sonogram showing a prominent 
extrarenal pelvis or ‘isolated pelviectasis’. B: Longitudinal sonogram 
showing a mild calyceal distension only or ‘isolated caliectasis’.  
C: Longitudinal sonogram showing pelvicaliectasis.

Figure 71.14 Hypertrophied column of Bertin. Longitudinal 
sonogram showing a column of normal cortical tissue (arrow) 
extending from the renal cortex towards the hyperechoic renal 
sinus.

Figure 71.15 Interrenicular septum. Longitudinal ultrasound 
showing an oblique echogenic line (arrow) connecting the junctional 
parenchymal defect (arrowhead) to the renal sinus.
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Kidneys
Measurement of renal size and determining interval growth are an 
important part of assessing the renal tract in childhood. Renal 
length is measured along the long axis of the kidney from upper to 
lower pole – bipolar length. A difference of up to 10% in renal 
lengths is acceptable. The obtained renal lengths should be com-
pared to normative data6 and documented. Plotting renal lengths 
obtained on serial examinations on a chart is helpful in demonstrat-
ing the serial trend in growth.

Observer variation in the sonographic measurement of renal 
length is equivalent to about 2 years of normal growth.7 Similar 
variation has been described in assessing renal volumes.8

Renal volume is calculated from the outer diameters of the kidney 
using the formula for a prolate ellipsoid: volume (mL) = length × 
width × AP (depth) × 0.523. The correlation between relative volume 
measured by ultrasound and relative renal function as measured 
on DMSA (dimercaptosuccinic acid) scintigraphy for normal and 
abnormal kidneys in children has been evaluated. The difference in 
relative volume and function was 5.9% in normal kidneys and 
10.9% in abnormal kidneys.9 Renal volumes tend to correlate better 
than renal length with weight-related normative data.

Abnormalities of the upper renal tract

Abnormalities of renal number

Unilateral renal agenesis

This abnormality occurs in around 1 in 500–1500 newborn infants 
and results from failure of the ureteric bud to meet the metanephric 
blastema and stimulate the development of a normal kidney (Fig. 
71.16A). This usually has no clinical significance. The contralateral 
kidney will show appropriate compensatory hypertrophy (Fig. 
71.4C); if this is not case then the remaining kidney should be evalu-
ated for underlying dysplasia or hypoplasia. Apparent unilateral 
renal agenesis may also result from failure to account for an ectopic 
kidney or an involuting multicystic dysplastic kidney. A DMSA 
scan is useful in localising functioning renal tissue and confirming 
a solitary kidney.

Normal sonographic measurements of the paediatric urinary tract

Renal size
• Renal length discrepancy of no more than 10 % is acceptable.
• Renal size (length or volume) should be compared against age or 

ideally body-weight-related normative data.
• Renal volumes tend to correlate better than renal length with 

weight-related data.
• Anteroposterior (AP) renal pelvic diameter should not exceed 

10 mm.

Ureteral calibre
Normal ureteral diameter rarely exceeds 5 mm.2

Bladder wall thickness
Upper limit of normal:
fully distended = 3 mm
non-distended = 5 mm.3

Bladder volume
Formulae for normal expected capacity in cm3:
(age in years + 2) × 30
(age in years × 30) + 60
(age in years × 60) + 70.5

Figure 71.16 Congenital anomalies of the renal tract 
(reproduced with permission from Moore KL, Persaud TVN. The 
Developing Human. Clinically Oriented Embryology, 6th Edition. 
Philadelphia. WB Saunders. 1998). A: Unilateral renal agenesis. 
B: Right pelvic kidney with left divided kidney and accompanying 
bifid ureter. C: Right renal malrotation and left supernumerary 
kidney with bifid ureter. D: Crossed fused renal ectopia with the left 
kidney across the midline to fuse with normally sited right kidney.  
E: Discoid pelvic kidney. F: Supernumerary left kidney.
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The ipsilateral adrenal gland may show hypoplasia in around 
10% of cases. Another feature of renal agenesis or renal ectopia is 
that the ipsilateral adrenal gland is slender and elongated showing 
the so-called ‘lying down’ adrenal gland sign10 (Fig. 71.17). Other 
associations include ipsilateral hypoplasia of the ureter, Wolffian 
anomalies in the male (seminal vesicle cyst, vas deferens/testicular 
hypoplasia or aplasia) or Müllerian anomalies in females.11

Bilateral renal agenesis (Potter’s syndrome) is not compatible 
with life.

Supernumerary kidney

Supernumerary kidneys are exceedingly rare (Fig. 71.16F). They 
tend to be small, dysplastic and ectopic in location, and are best 
confirmed by a combination of ultrasound and DMSA scan.
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Ectopic kidney and nephroptosis

Congenital renal ectopia occurs when the kidney has not ascended 
to its normal position in the renal fossa. Renal ptosis refers to abnor-
mal caudal movement of the kidney from the renal fossa when 
changing from the supine to upright position. In congenital renal 
ectopia the ureter is short, whereas in renal ptosis the ureter is of 
normal length but kinks when the patient is erect. The ectopic 
kidney may be located in a low sacral position behind the urinary 
bladder or anywhere along the normal cranial migration path 
towards the renal fossa. The ectopic kidney is most commonly 
located in the pelvis (Figs 71.16D and 71.18A). Blood supply is via 
adjacent vessels usually directly from the iliac arteries or aorta.

A discoid kidney refers to a fused solitary pelvic kidney, which 
drains via a common ureter (Figs 71.16E and 71.18B).

Thoracic kidney

Thoracic kidney results from excessive cephalad migration. The 
kidney comes to lie below a deficient or thinned membranous 
portion of the diaphragm. There is a male and left-sided preponder-
ance. The diagnosis is usually suspected on a chest X-ray (Fig. 71.19) 
but confirmed by ultrasound. The origin of the renal vasculature 
can be normal or high and may enter through the foramen of 
Bochdalek.

Horseshoe kidney

Horseshoe kidney is the most common renal fusion anomaly and 
occurs in 1 in 400–800 live births. A bridging isthmus results in 
fusion of the poles of both kidneys – usually the lower poles. The 
isthmus often consists of functioning parenchyma and will be 
demonstrable on both ultrasound and a 99mTc DMSA scan (Fig. 
71.20). Occasionally the bridging tissue is fibrous. The isthmus 
almost always lies anterior to the aorta and is usually located just 
below the origin of the inferior mesenteric artery with blood supply 
arising from the aorta or iliac arteries. Both kidneys show a degree 
of malrotation. There is a higher incidence of hydronephrosis, 
urinary tract infection and calculi. The overall risk of malignancy 
in horseshoe kidney is not believed to be increased; however, the 

Figure 71.17 The adrenal gland in renal agenesis. Longitudinal 
sonogram showing the characteristic appearances of an elongated 
‘straight’ or ‘lying down’ adrenal gland (arrowhead) in ipsilateral 
renal agenesis or ectopia.

Figure 71.18 Pelvic and discoid kidneys. A: Longitudinal sonogram of an ectopic right pelvic kidney deep to the urinary bladder. 
B: Transverse sonogram showing a discoid pelvic kidney deep to the urinary bladder initially thought to be a pelvic horseshoe kidney.

A B

Abnormalities of position

Rotational anomalies

The permanent fetal kidneys normally undergo 90° rotation about 
their long axes during cranial ascent from the pelvis. Malrotation 
of the pelvi-ureteric connection is relatively common and may be 
diagnosed on ultrasound or cross-sectional imaging (Fig. 71.16C). 
The most common type of rotational anomaly is incomplete rota-
tion (less than 90°). Other types include:
n absent rotation (ventral malrotation)
n rotation of more than 90° (dorsal malrotation)
n negative rotation (lateral malrotation).

Rotational anomalies usually result in a degree of pelvi-ureteric 
obstruction and hydronephrosis.



CHAPTER 71 • The paediatric renal tract and adrenal gland

1420

Duplication anomalies of the kidney are best demonstrated by 
sonography along the long axis of the kidney.

Bifid renal pelvis and partial  
duplication anomalies
These are not usually clinically significant. The duplicated non-
obstructed kidney is often enlarged, and has two separate pelvical-
yceal systems, which may fuse at the renal pelvis (bifid renal pelvis) 
(Fig. 71.22) or anywhere along the length of the ureter (partial 
duplication).

Duplex kidney
A ‘duplex kidney’ comprises two renal masses (moieties) (Fig. 
71.23), each with its own separate pelvicalyceal system, ureter, ure-
teral orifice and site of insertion. As described above, the typical 
configuration is:
n upper pole moiety drains via an ectopic ureter usually 

inserting below and inferomedially to the lower moiety ureter
n lower pole moiety drains via an orthotopic ureter and inserts 

into the lateral angle of the trigone.
Duplex kidneys may be unilateral or bilateral. The duplicated 

ureters are typically separate but may fuse to an abnormal common 
ureteral orifice.

With complete duplication, the Weigert–Meyer rule may be seen, 
whereby the:
n upper moiety ureter is more prone to obstruction due to 

ureteric stenosis at the ectopic ureteral orifice and is 
frequently associated with an ‘ectopic ureterocele’  
(see below)

n lower pole moiety often demonstrates a perpendicular course 
rather than the normal oblique course through the ureteral 
orifice, resulting in an incompetent valve mechanism 
increasing the likelihood of vesico-ureteric reflux.

Figure 71.19 Intrathoracic kidney. Chest X-ray – AP and lateral views showing an egg-shaped hump in the contour of the left 
hemidiaphragm (arrow) found to represent focal thinning of the hemidiaphragm. Dynamic ultrasound confirmed this to contain a high-riding 
kidney within the abdomen. There was no evidence of diaphragmatic hernia. An intrathoracic kidney is a rare association of a Bochdalek 
malformation.

A B

relative incidence of Wilms’ tumour in the paediatric population12 
and transitional cell carcinoma in adults is increased13 (Fig. 71.20C).

Crossed fused ectopia

Crossed ectopia occurs when a kidney is located on the opposite 
side of the midline from its ureteral orifice. This is more common 
in males. The crossing kidney usually arises from the left  
side and is located caudal to the normal right kidney (Figs 71.16D 
and 71.21).

Duplex anomalies of the kidney

Renal duplication anomalies represent a spectrum of disorders 
ranging from a bifid renal pelvis to complete duplication of the 
kidney and ureter to the level of the urinary bladder. This repre-
sents the most common type of congenital renal anomaly. Duplex 
anomalies of the ureter are around two to five times more common 
in girls.

Duplication may be complete but is more often partial. Duplica-
tion of the renal collecting system results from premature branching 
of the metanephric duct. The urogenital sinus (UGS) gives off two 
ureteral buds instead of one. The ureteral bud closest to the UGS 
drains the lower renal pole, inserting at the bladder trigone, and is 
referred to as the ‘orthotopic’ ureter. The upper renal pole is drained 
by the ‘ectopic’ ureter, which inserts into the bladder in a more 
medial and caudal location. The ectopic ureter may drain below the 
urinary bladder. In boys this may occur at the level of the prostatic 
urethra, seminal vesicles, vas deferens or epididymis. In girls 
ectopic drainage may occur into the vagina, uterus or even below 
the voluntary urinary sphincter directly into the urethra, resulting 
in urinary incontinence. The latter cannot be diagnosed on ultra-
sound but may be demonstrated on intravenous urography (IVU) 
or magnetic resonance urography (MRU). The ureters may fuse at 
any level, from the kidney to the bladder and drain into a single 
ureteric orifice.
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Figure 71.20 Horseshoe kidney. A: Transverse sonogram in a 
13-year-old male showing a parenchymal isthmus (thin arrow) 
fusing the lower poles of both kidneys (thick arrows) in a typical 
horseshoe configuration with fusion of the lower poles and 
malrotation of the renal hilum. The spine (*), IVC (short arrowhead) 
and aorta (large arrowhead) are labelled. B: DMSA scan in the 
same patient confirming uptake in the functioning tissue within the 
isthmus. C: Axial contrast-enhanced CT scan showing a Wilms’ 
tumour (arrow) arising from the left side of the isthmus of a 
horseshoe kidney in a 5-year-old boy.
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Figure 71.21 Renal crossed fused ectopia. A: Transverse sonogram showing a crossed left kidney fused to the caudal aspect of the 
normally sited right kidney. B: Oblique sonogram revealing an unusual crossed fused ectopia arrangement in which the relatively normal 
crossing left kidney (arrow) is fused to a multicystic dysplastic right kidney (arrowheads).

A B



CHAPTER 71 • The paediatric renal tract and adrenal gland

1422

71.26). Primary megaureter is non-refluxing. Many cases are diag-
nosed antenatally. Initial investigation should include ultrasound, 
VCUG and MAG-3 renogram. Most will resolve spontaneously. 
Conservative management is all that is required with prophylactic 
antibiotic therapy and ultrasound follow-up. If renal function is 
deteriorating then surgical management is required with resection 
of the adynamic segment, reduction in the calibre of the dilated 
segments and ureteric reimplantation into the bladder.16 Secondary 
megaureter may result from either reflux, obstruction or both.

Vesico-ureteric reflux
Vesico-ureteric reflux (VUR) is one of the commonest pathologies 
in children, affecting 1–2% of the paediatric population. VUR occurs 
when urine refluxes across the UVJ into the ureter and depending 
on the grade of severity to the renal pelvis (Fig. 71.27). This can be 
detected on an indirect MAG-3 cystogram or by meticulous ultra-
sound.18 VUR is, however, best demonstrated by the more invasive 
and less physiological VCUG, which remains the reference stand-
ard. Harmonic echo-enhanced cystosonography has been advo-
cated as an accurate, non-ionising alternative but is currently not  
in widespread clinical use.19 The role of imaging is to define the 
grade of reflux and to assess for any associated renal damage. The 
most common form is primary congenital reflux. VUR is also associ-
ated with:
n duplex kidney
n bladder outflow obstruction (posterior urethral valve, 

hypospadias, bladder exstrophy)
n multicystic dysplastic kidney
n urinary tract infection (UTI)
n post surgical (following de-roofing of a ureterocele or post 

nephrectomy).
There is no doubt that children with recurrent UTI and proven 

reflux are at higher risk of upper renal tract damage such as scar-
ring. More recently antenatal obstruction and reflux rather than 
postnatal reflux are thought to be the most significant contributors 
to long-term renal damage20 and account for the gradual trend away 
from intensive investigation of VUR in the older child.

Higher grades of severity of VUR may require surgical interven-
tion in order to preserve renal function. Treatment options for VUR 
include using the subureteric transurethral injection procedure 
(STING) (Fig. 71.28), hydrodistension–implantation technique 
(HIT) or distal ureteric reimplantation.

VACTERL association
VACTERL syndrome (vertebral, anorectal, cardiac, tracheo- 
esophageal, renal and limb anomalies) is associated with renal dys-
plasia usually from significant vesico-ureteric reflux. Other renal 
anomalies include renal hypoplasia, aplasia, horseshoe kidney, 
duplex kidney, multicystic dysplastic kidney (MCDK) and crossed 
fused renal ectopia. Ultrasound of the renal tract and spine are 
routinely performed in children with this condition.

Posterior urethral valve
Posterior urethral valve (PUV) results from a membrane formed by 
anterior fusion of two abnormal mucosal folds that descend from 
either side of the verumontanum forming a ‘windsock’ which  
balloons and obstructs the posterior urethra during micturition. 
Antegrade flow of urine is severely compromised but urethral cath-
eterisation is readily achievable and provides relief. Most cases are 
detected antenatally and vary in severity. Complications include 
oligohydramnios, fetal bladder distension, hydronephrosis, cystic 
renal dysplasia, urinoma and urinary ascites. Hydronephrosis is 
usually bilateral but preferential decompression into one ureter will 
spare the contralateral kidney the ill effects of severe pressure over-
load and better preserve overall renal function. Prenatal ultrasound 

Ureterocele
A ureterocele is a congenital abnormality resulting from ‘saccular’, 
submucosal dilatation of the intravesical portion of the ureter.  
Ureteroceles are more common in females and are usually seen  
in relation to a duplex kidney. A simple ureterocele can be seen  
in a single renal system and accounts for around 20% of all 
ureteroceles.

Ectopic ureterocele refers to a ureterocele with an orifice located 
in an abnormal position, such as the urethra or bladder neck, and 
typically arise from the upper pole moiety of a duplicated collecting 
system. These are more commonly identified in the paediatric 
population.

Orthotopic ureterocele refers to a ureterocele with an orifice that 
is located in the normal anatomical position within the bladder and 
usually arises from a single renal unit with one collecting system. 
This is usually detected in adulthood.

The sonographic features of ureteroceles include the following:
n A rounded, thin-walled, fluid-filled structure at the base of 

the urinary bladder (Fig. 71.24).14

n Hydroureter and hydronephrosis usually involves the upper 
moiety in the duplicated ectopic system (non-stenotic ectopic/
infantile form) or the whole kidney in the simple single 
system stenotic type. When ectopia exists in a single system 
the associated kidney is likely to be severely dysplastic rather 
than hydronephrotic.

n Infected ureteroceles may contain multiple internal echoes.
Complications of ureteroceles include obstructive uropathy, 

which may manifest as failure to thrive, renal compromise and 
recurrent pain; secondary renal calculi; and urinary tract sepsis. In 
these cases surgical treatment may be required with urgent endo-
scopic incision, followed by a definitive bladder reconstruction to 
maintain continence and prevent troublesome vesico-ureteric 
reflux. Rarely a ureterocele may prolapse in a female and present 
as a bulging mass at introitus (Fig. 71.25). The differential diagnosis 
includes imperforate hymen with hydrocolpos, urethral prolapse, 
perineal abscess, paraurethral cyst, Skene duct cyst or vaginal 
rhabdomyosarcoma.15

Abnormalities of the lower urinary tract

Megaureter
Primary megaureter results from dilatation of the ureter proximal 
to an aperistaltic segment at the ureterovesical junction (UVJ) (Fig. 

Figure 71.22 Bifid renal pelvis. Longitudinal sonogram showing a 
bridge of renal sinus fat separating the upper and lower collecting 
systems which fuse at the renal hilum.
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Figure 71.23 Renal duplication anomalies. A: Longitudinal sonogram showing a dilated upper pole moiety with a proximal hydroureter 
due to a ureterocele. B: Longitudinal sonogram showing a dilated lower pole moiety due to vesico-ureteric reflux with marked parenchymal 
thinning; The VCUG in the same patient shows characteristic reflux into a ‘dropping lily’ lower moiety. C: Longitudinal sonogram showing 
dilated upper pole and lower moieties. D: Longitudinal sonogram and DMSA scan in a child with left duplex kidney which required upper 
pole hemi-nephrectomy for problematic vesico-ureteric reflux.
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Figure 71.24 Ureteroceles. A: Transverse sonogram in a young girl with bilateral duplex kidneys revealing well-defined intravesical 
rounded cystic structures (*) with thin echogenic walls in keeping with bilateral ureteroceles. B: Longitudinal sonogram showing a simple 
ureterocele (*) at the level of the trigone with accompanying ureteric dilatation. C: VCUG in the same patient showing corresponding filling 
defects on early filling (arrows) of the bladder with a urinary catheter in situ (arrowhead).
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Bladder ear(s)
Bladder ear(s) result from inferolateral protrusion of the urinary 
bladder through the internal inguinal ring and inguinal canal and 
are more commonly seen in infants on a VCUG. The infant bladder 
assumes a more abdominal position, which places it in close prox-
imity to the internal inguinal ring. As the pelvis grows, the bladder 
position descends into the pelvis, making a bladder ear much less 
likely (Fig. 71.31).

Bladder diverticula
Bladder diverticula result from herniation of the bladder mucosa 
through bladder wall detrusor muscle (Fig. 71.31). They may result 
from obstruction, infection or iatrogenic causes. Multiple divertic-
ula occur in trabeculated bladders. Diverticula may protect the 
proximal urinary tract from high pressure by acting as ‘blow off’ 
space in an obstructive uropathy such as PUV and may resolve 
when the valve is ablated. Conversely diverticula may contribute 
to dysfunctional bladder emptying. Small-necked diverticula may 
empty poorly, promoting urine stasis leading to calculus formation 
or mucosal dysplasia. Diverticula situated close to the ureteric ori-
fices may promote VUR. Surgical resection is usually indicated 
when associated with VUR or recurrent symptoms.

Neurogenic bladder
In this condition the dysfunctional urinary bladder may be unable 
to retain urine, empty normally or both. There are two broad groups 
of patients who may be referred for imaging: the newborn with 
spinal dysraphism or anorectal malformation and older children 
undergoing long-term urology follow-up. The imaging modality of 
choice is urodynamic investigation (video cystometrogram), which 
provides functional information concerning urine pressure, flow 
rate and volume. The main role of ultrasound is in assessing pre- 
and post-micturition bladder volumes and bladder wall thickening. 
Neurogenic bladder is a common cause of bladder wall trabecula-
tion and thickening (Fig. 71.32). Complications include VUR 
and UTI.

Megacystis
Physiological enlargement of the fetal urinary bladder is observed 
in the first trimester of pregnancy and also normally seen in female 
fetuses towards the end of pregnancy. Pathological megacystis can 
be observed in conditions such as posterior urethral valve, urethral 
stricture and diverticulum, megacystis microcolon hypoperistalsis 
syndrome, sacral meningomyelocele, sacrococcygeal teratoma, 
Ehlers–Danlos syndrome and pelvic neuroblastoma. Overfilling of 
fetal bladder results in marked bladder distension associated with 
severe high-grade vesico-ureteric reflux. In an infant presenting 
with an enlarged thin-walled urinary bladder and massive VUR, 
the possibility of the megacystis–megaureter syndrome should be 
considered. A vicious cycle is established whereby a large propor-
tion of the bladder volume is preferentially recycled by refluxing 
back into the upper tracts.

Urachal abnormalities
The connection between the allantois and fetal bladder apex nor-
mally involutes to form the medial umbilical ligament. Failure to 
do so results in a urachal remnant (Fig. 71.33). Urachal remnants 
are a rare finding. The most common type of anomaly is a cyst or 
sinus followed by a patent urachus, with urachal diverticulum the 
least common finding. High-resolution scanning of the dome of an 
adequately distended urinary bladder should suffice to confirm the 
diagnosis in most cases. Occasionally a sinogram is required to 
delineate a discharging remnant, or computed tomography (CT) 
scan.22 Intercurrent infection within the sinus tract may present in 

will show a typical keyhole appearance as the distended bladder 
fills the dilated posterior urethra (Fig. 71.29).

The postnatal diagnostic hallmarks of PUV relate to the bladder’s 
attempt to overcome the urethral obstruction and include a dilated 
posterior urethra, trabeculated thick-walled bladder, tortuous 
dilated hydroureters and hydronephrosis. Urinoma formation 
results from calyceal rupture decompressing the upper renal tract. 
These features are readily demonstrable on a VCUG (Fig. 71.30) but 
can also be seen on ultrasound. Sonographic demonstration of a 
‘keyhole’ dilated posterior urethra (measuring greater than 7 mm) 
is possible if a urinary catheter has not been passed. Meticulous 
technique is required to demonstrate a distended posterior urethra. 
The transabdominal approach requires marked caudal tilt of the 
transducer. Perineal scanning can also be performed by placing the 
transducer in the sagittal plane behind the elevated scrotum.14 In 
this position the posterior urethra is directed anteriorly.

In practical terms it is critical to relieve the obstruction promptly 
and bypass the valve with aseptic urinary catheterisation. These 
children are at high risk of urinary tract infection. Placement of a 
catheter should not be delayed whilst awaiting urgent imaging 
including ultrasound and VCUG. The treatment of choice is cysto-
scopic urethral valve ablation. Approximately one-third of infants 
with PUV progress to end-stage renal failure; around half of these 
children undergo renal transplantation. Renal transplantation does 
not improve bladder function. At the time of writing a randomised 
prospective study is in progress to determine if intrauterine vesico-
amniotic shunting for fetal bladder outflow obstruction, compared 
to non-interventional conservative care, improves prenatal and 
postnatal renal function and mortality.21

Delayed presentations of PUV are not unheard of. Late onset in 
utero increases the likelihod that the kidneys will only be mildly 
hydronephrotic at birth. PUV should be considered in a boy pre-
senting with either diurnal enuresis, dysuria with a history of poor 
voiding stream, unexplained hydronephrosis or renal failure.

Figure 71.25 Prolapsed ureterocele. Sagittal transperineal 
sonogram in a young girl with a perineal mass showing a cyst 
(arrow) containing multiple internal echoes. An infected prolapsed 
ureterocele was confirmed at operation.
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Figure 71.26 Non-refluxing primary megaureter. Newborn male with antenatally detected left hydroureter confirmed to be non-
refluxing on an early postnatal VCUG. A: Longitudinal sonogram showing a markedly distended left ureter up to the pelvicalyceal system 
(PC), which shows debris. The left kidney (arrowheads) is dysplastic. B: Longitudinal image showing a dilated and ectatic left ureter (u). 
C, D: Longitudinal (C) and transverse (D) sonograms showing ureteric dilatation to the left vesico-ureteric junction posterior to the 
bladder (ub).
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a child with periumbilical tenderness, a discharging umbilicus or 
umbilical granulation tissue. Rare cases of malignancy have been 
reported. Surgical resection is indicated when the acute infection 
has resolved.

Prune belly syndrome
Prune belly syndrome (Eagle–Barrett syndrome) is characterised by 
the association of a lax and markedly thin anterior abdominal wall 
– ‘prune belly’, prostatic hypoplasia with a dilated and elongated 
prostatic urethra, grossly distended smooth and thick-walled 
urinary bladder, bilateral cryptorchidism, dilated refluxing ureters 
and renal dysplasia. The degree of upper renal tract involvement is 
variable. At the most severe end of the spectrum there is effectively 

Figure 71.27 Vesico-ureteric reflux. A: Line diagram showing a 
grading scale commonly used in clinical practice to document the 
severity of vesico-ureteric reflux based on guidelines of the 
International Reflux Study Committee.17 B: VCUG in a 2-year-old girl 
with bilateral grade 5 vesico-ureteric reflux; some of the calyces 
show preserved morphology. Reflux was only demonstrated during 
the latter stages of bladder emptying.

B

Vesicoureteric refluxA

I II III IV V

Figure 71.28 Subureteric transurethral injection or ‘STING’ procedure. This involves submucosal injection of a bolus of Teflon, 
which increases the length of the ureter and can also act as a fixation point used in the treatment of vesico-ureteric reflux. A: Longitudinal 
sonogram showing mild ureteric dilatation (*) proximal to the rounded echogenic focus of Teflon. B: Transverse sonograms showing 
bilateral treatment (between callipers).
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Figure 71.29 Antenatal imaging of posterior urethral valve. 
Longitudinal second trimester scan of a singleton male fetus with a 
markedly dilated urinary bladder (*) and the characteristic keyhole 
appearance (arrow) of a dilated posterior urethra seen in posterior 
urethral valve, antenatal urethral strictures or atresias.
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Cloacal malformation and urogenital sinus
These are discussed in detail in Chapter 72 (see Fig. 72.11).

Obstructive uropathy

Ureteropelvic junction obstruction
Ureteropelvic junction obstruction (UPJO), also referred to as PUJ 
obstruction, represents the most common cause of hydronephrosis 
in the neonate and is also a common cause of renal pelvic dilatation 
in children. The aetiology is thought to relate to an intrinsic devel-
opmental abnormality resulting in a short segment of aperistaltic 
smooth muscle at the UPJ. Secondary causes include extrinsic  
compression from a fibrous band, adhesion, crossing vessel or ure-
teric kink.

urethral atresia resulting in megacystis, bilateral severe ectatic 
hydroureters and bilateral hydronephrosis with accompanying 
cystic renal dysplasia.

Gastrointestinal, respiratory, cardiovascular and musculoskeletal 
anomalies are also associated with prune belly syndrome. The exact 
aetiology is unclear but is probably due to a combination of a 
primary defect in the anterior abdominal wall and severe bladder 
outflow obstruction. Females may also present but only with 
bladder abnormalities and abdominal wall deficiencies.

Cloacal exstrophy
Cloacal exstrophy results from the urinary bladder opening onto 
and through a defect in the anterior abdominal wall and is seen in 
both males and females.

Figure 71.30 Postnatal imaging of posterior urethral valve (PUV). Newborn male with PUV. A: Post-micturition views of the urinary 
bladder showing a thick-walled trabeculated bladder (between callipers) and reflux into the right (*) and left (arrow) ureters. Longitudinal 
sonograms which show (B) a moderately hydronephrotic left kidney; (C) moderately hydronephrotic right kidney which has decompressed 
into an extrarenal subcapsular urinoma; (D) voiding cystourethrogram showing a dilated posterior urethra (*), posterior urethral valve (black 
arrow) and ureteric reflux (black arrowhead).
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Renal complications of UPJO range from minimal cortical thin-
ning to more severe dysplasia with echogenic parenchyma, dys-
plastic cortical cysts and urinoma formation.

The presence of pyelectasis alone with no calyceal distension or 
parenchymal thinning should alert the sonographer to the 

The sonographic hallmarks of UPJO are the presence of ‘pyelecta-
sis’ with renal pelvic dilatation greater than 10 mm in the AP plane 
and ‘caliectasis’ – calyceal distension. The degree of pyelocaliectasis 
is typically proportionate to the degree of renal parenchymal thin-
ning (Fig. 71.34).

Figure 71.31 Bladder ears and diverticula. A: VCUG showing a left bladder ear. B: Transverse sonogram of the urinary bladder in the 
same patient showing the bladder ear (arrow). C: VCUG in a young male child with multiple diverticula showing the typical ‘Mickey mouse 
ears’ appearance.

A

B

C



CHAPTER 71 • The paediatric renal tract and adrenal gland

1430

cases of ureteric dilation a VCUG and MAG-3 renogram are helpful 
in determining the level of obstruction and presence of VUR.

Acquired renal obstruction
Fungal balls in the neonate, calculus, blood clot (related to tumour, 
infection or post biopsy), pus or rarely polyp and tumour all may 
cause intrinsic ureteric obstruction.

Extrinsic ureteric obstruction can be seen in cases of trauma, 
iatrogenic injury (surgery), inflammatory mass (Crohn’s disease, 
appendix mass) or tumour (typically lymphoma).

diagnosis of a prominent extrarenal pelvis which in itself is not 
clinically significant (Fig. 71.13A).

Most cases of UPJO are diagnosed on routine antenatal sonogra-
phy and require serial follow-up including postnatal ultrasound 
assessment. Around 10% of cases are bilateral. Occasionally UPJO 
may be massive, resulting in a large cystic mass lesion occupying 
most of the ipsilateral abdomen and pelvis with an imperceptible 
shell of renal parenchyma (Fig. 71.34) and making the organ of 
origin difficult to assign. Cyst decompression with a percutaneous 
nephrostomy and urinalysis may be indicated. Rarely the ipsilateral 
ureter may reflux and here the diagnostic dilemma is to determine 
whether there is both ureteric reflux and obstruction. As in other 

Figure 71.32 Neurogenic urinary bladder: imaging of a 7-year-old boy. A: Longitudinal ultrasound showing bladder wall thickening in a 
large capacity bladder. B: VCUG showing typical ‘Christmas tree’ appearance of the neurogenic bladder. C: Sagittal T2 MRI of the spine 
showing a massive urinary bladder (*) in this child.
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Figure 71.33 Urachal remnants. A: Line diagram summarising the various types of urachal remnant (reproduced with permission from 
H. Carty, F. Brunelle, D.A. Stringer, S. Kao (eds): Imaging Children, 2nd edn, Elsevier Churchill Livingstone, 2005). B: Longitudinal colour 
Doppler image of the bladder dome showing an extravesical cyst (arrowhead) in the midline just below the umbilicus of a 1-year-old boy 
with a weeping indurated umbilicus. This was confirmed to be a urachal cyst. C: Longitudinal high-resolution ultrasound showing debris 
within an infected urachal cyst (between callipers). BL, urinary bladder. D: Seen as an enhancing collection on a sagittal reconstructed 
contrast-enhanced abdominopelvic CT (arrow) draped over the bladder dome (*). This was resected when the initial infection had subsided.
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Figure 71.34 Ureteropelvic junction obstruction (UPJO): two 
cases. (Case 1) Newborn male child presenting with a large 
abdominal mass A: Abdominal radiograph showing abnormal 
displacement of the stomach and bowel to the right side of the 
abdomen. B: Portable ultrasound confirming the mass to be a large 
cystic lesion containing internal septations occupying most of the 
left side of the abdomen and pelvis but separate to urinary bladder. 
The right kidney was normal. A percutaneous drainage catheter was 
placed into the cyst draining urine. C: Appearances of the left 
kidney 1 week following decompression showing an echogenic 
dysplastic kidney. (Case 2) D, E: Longitudinal (D) and transverse (E) 
sonograms of a 1-year-old child with a severely hydronephrotic 
kidney with marked thinning of the renal parenchyma but no ureteric 
dilatation due to a UPJO. A MAG-3 isotope renogram confirmed 
poor drainage. A pyeloplasty procedure was subsequently 
performed.
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Antenatal ultrasound findings
Anteroposterior renal pelvic diameter (RPD) assessed at the 18–22-
week scan is the most useful predictor of renal disease. As a general 
rule 1 mm RPD is allowed per gestational month.

Transient physiological hydronephrosis is the most common 
cause of mild antenatal hydronephrosis and results from a promi-
nent ‘baggy’ unobstructed extrarenal pelvis. VUR is the most likely 
pathological diagnosis in cases of mild antenatal hydronephrosis 
(RPD 5–9 mm). More severe antenatal hydronephrosis (RPD 
>10 mm) tends to be more commonly associated with UPJ 
obstruction.24

Postnatal evaluation of antenatally detected 
hydronephrosis
Physical examination of the neonate with proven antenatally 
detected hydronephrosis should precede ultrasound. UPJ obstruc-
tion or MCDK may present as a ballotable mass. Deficient abdomi-
nal wall musculature with bilateral undescended testes is seen in 
prune belly syndrome. A palpable urinary bladder is commonly 
noted in patients with PUV.

Infants with a prenatal ultrasound demonstrating a RPD greater 
than 5 mm should have renal ultrasounds repeated after birth at the 
first and sixth weeks of life.

The initial ultrasound scan should be performed after 2–3 days 
of life when the baby is well hydrated. Ultrasounds performed in 
the first 24 hours of life have a high false negative rate due to post-
natal dehydration and oligoanuria which may mask obstructive 
uropathy. Immediate postnatal evaluation is warranted with a renal 
ultrasound and VCUG if the antenatal ultrasound demonstrates 
unilateral severe hydronephrosis in a single functioning kidney or 
bilateral severe hydronephrosis.25

A cut-off of 10 mm is used by most units for a normal postnatal 
renal AP pelvic diameter. More recently a meta-analysis of mainly 
observational studies has suggested that a cut-off of 12 mm was not 
associated with significant long-term morbidity or requirement for 
intervention.26

Suggested imaging algorithms for specific types of antenatal 
uropathy are summarised below:

High-grade mechanical obstruction of the ureter results in an 
absent or diminished colour jet or flow velocity on Doppler imaging 
of the vesico-ureteric junction (Fig. 71.35).

Postnatal evaluation of antenatally detected 
renal tract dilatation

Hydronephrosis in the newborn
Urinary tract dilatation is the most commonly detected antenatal 
abnormality, with an incidence of around 0.5–1%. In most cases 
only mild renal pelvic dilatation is identified. Only a small propor-
tion of this largely asymptomatic cohort of babies is at risk of 
developing clinically significant renal compromise. This poses a 
dilemma for the obstetrician, urologist and sonologist. Further post-
natal investigation is required; but there is a lack of consensus as 
to when and how much imaging is necessary or desirable, particu-
larly in excluding vesico-ureteric reflux.

Postnatal urinary tract dilatation may result from vesico-ureteric 
reflux seen in around a third of cases, and obstruction or combina-
tion of the two processes in the remainder. The severity of obstruc-
tive uropathy depends upon the level, degree and duration of 
obstruction. The differential diagnosis of antenatally detected 
hydronephrosis includes ureteropelvic junction (UPJ) obstruction, 
megaureter, ureterovesical junction (UVJ) obstruction, posterior 
urethral valves (PUV), urethral atresia or stricture, prune belly syn-
drome, vesico-ureteral reflux (VUR), duplicated collecting system 
with ureterocele and multicystic dysplastic kidney (MCDK).

Severe fetal urinary tract obstruction can lead to oligohydramnios 
resulting in lung hypoplasia and respiratory failure. Recognised 
orthopaedic complications include limb contractures and talipes 
equinovarus. Not all cases are detected antenatally and screened 
postnatally. Urinary obstruction may present in the neonate  
with sepsis or respiratory distress and in the older child with 
urinary tract infection, poor urinary stream, failure to thrive  
or nephrolithiasis.

Figure 71.35 Ureterovesical flow jet. Axial colour Doppler 
interrogation of the ureterovesical orifices showing bilateral normal 
colour flow jets. This technique is useful in assessing antegrade 
flow of urine across the UVJ. Absent or reduced flow jets are seen 
in obstruction; comparison between the two sides is particularly 
useful in unilateral obstruction.

General principles of postnatal imaging for antenatally detected 
urological abnormality

All antenatally detected uropathy should be assessed postnatally 
including:
• dilated renal pelvis

• RPD >5 mm at 18–22 weeks23

• RPD >10 mm at any gestation
• increasing dilatation (even if RPD <10 mm)

• caliectasis
• ureteric dilatation
• ureterocele or bladder abnormality
• altered renal echotexture or renal cyst
• single kidney or ectopic kidney.

Scanning should be performed on day 2–3 of life when well 
hydrated and earlier only if there is severe hydronephrosis of both 
kidneys or a single functioning kidney.

Postnatal AP renal pelvic diameter less than or equal to 10 mm is 
normal in virtually all cases. Repeat imaging at 4 to 6 weeks is 
recommended to confirm initial normal findings.

Suggested imaging algorithms for postnatal evaluation of 
antenatally renal pelvic dilatation are summarised (Fig. 71.36).
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Renal cystic disease

Cystic renal disease refers to a broad range of conditions in which 
one or more microscopic or macroscopic renal cysts are present. 
These cysts can be solitary or multiple and unilateral or bilateral 
(Table 71.2). Renal cysts may be congenital in origin or acquired, 
detected antenatally or postnatally, syndromal, inherited or non-
inherited (Table 71.3).

Ultrasound is the imaging modality of choice in the initial inves-
tigation of suspected renal cystic disease. Ultrasound should be 

n isolated unilateral renal pelvic dilatation (Fig. 71.36A)
n bilateral renal pelvic dilatation, single kidney with severe 

dilatation and ureteric dilatation or bladder abnormality (Fig. 
71.36B).

The role of prophylactic antibiotics to prevent breakthrough 
infections is controversial but should be considered for any ureteric 
or bladder abnormality and significant upper tract dilatation.

Multicystic dysplastic kidney
Multicystic dysplastic kidney (MCDK) is a relatively common con-
genital form of renal dysplasia which occurs sporadically and is 
frequently detected on prenatal imaging. The condition probably 
relates to significant disruption of the developing ureteral bud in 
early fetal life resulting in discontinuity between the glomeruli and 
calyces.

The characteristic features of MCDK include:
n multiple non-communicating renal cysts of varying size on 

ultrasound (Fig. 71.37)
n absent kidney on functional imaging (DMSA or MAG-3 

renogram)
n atretic ipsilateral ureter and pelvicalyceal system.

MCDK is usually a unilateral disorder. The prognosis of children 
with unilateral MCDK is dependent on the condition of the contral-
ateral kidney. Contralateral abnormalities include UPJ obstruction 
and reflux. In the vast majority the overall prognosis is very good. 
A proportion will involute in utero and account for many cases of 
single kidney. Most postnatally detected MCDKs will undergo 
partial or complete involution. Associations include hypertension, 
urinary tract infection, vesico-ureteric reflux and rarely malignancy. 
The imaging strategies for the postnatal evaluation of MCDK are 
summarised in Figure 71.38.

The role and timing of nephrectomy is controversial. In many 
centres it is no longer regarded as routine clinical practice and most 
patients will undergo long-term imaging follow-up instead. Bilat-
eral MCDK is rare and usually fatal.

Figure 71.36 Imaging protocols for antenatally detected renal tract abnormalities. A: Protocol for isolated unilateral renal pelvic 
dilatation – without bladder or ureteric abnormality. B: Protocol for bilateral renal dilatation or unilateral dilatation with ureteric or bladder 
abnormality. MCU, micturating cystourethrogram. (Courtesy of the Regional Department of Paediatric Urology. Alder Hey Children’s 
Hospital NHS Foundation Trust.)
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Figure 71.37 Multicystic dysplastic kidney (MCDK). 
Longitudinal sonogram showing multiple renal cysts of varying size 
and location centred on the right kidney in keeping with an MCDK 
(between callipers). No renal cortex or collecting system is 
identifiable. A DMSA scintigram confirmed no uptake in the 
non-functioning right kidney.
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Documenting the extent of renal cystic disease

Ultrasound evaluation should ideally include assessment of:

Renal
Nature of cyst(s): simple versus complex (septation, associated solid 

mass, calcification, debris)
Colour Doppler flow findings
Number of cysts
Size of cysts: document range of sizes and size of largest cyst in 

each affected kidney
Location: cortical versus medullary or both
Distribution: unilateral versus bilateral
Renal lengths (comparison with age- or weight-related normative 

data)
Cortical and medullary echotexture: corticomedullary differentiation

Liver and spleen
Size
Presence of cysts
Parenchymal echogenicity
Bile duct dilatation
Features of portal hypertension

Cysts in solid viscera elsewhere

Useful clinical information in assessing a child with suspected cystic 
renal disease

• Maternal obstetric history.
• Antenatal history and imaging (liquor volumes and appearances 

of renal tract).
• Clinical findings of child being assessed (laboratory data, clinical 

genetics).
• Family history (imaging findings, clinical genetics, histology).

Figure 71.38 Imaging protocols for the postnatal evaluation 
of suspected multicystic dysplastic kidney. (Courtesy of the 
Regional Department of Paediatric Urology. Alder Hey Children’s 
Hospital NHS Foundation Trust.)
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Table 71.2 Cystic renal disease in children

Unilateral Bilateral

Multicystic dysplastic kidneya

Simple cyst
Multilocular cystic nephroma
Cystic renal dysplasiab

Autosomal recessive polycystic 
kidney disease (ARPKD)
Autosomal dominant polycystic 
kidney disease (ADPKD)
Juvenile nephronophthisis
Glomerulocystic disease
Medullary cystic disease
Syndromic renal cystic disease
Medullary sponge kidney

aBilateral disease is not compatible with life.
bOften bilateral.

Table 71.3 Genetic classification of cystic renal disease (data from de Bruyn and Gordon27)

GENETIC NON-GENETIC

Autosomal recessive Autosomal dominant
Syndromal renal 
cystic disease

ARPKD
Juvenile nephronophthisis
Syndromal recessive
Zellweger syndromea

Meckel–Gruber syndrome
Oral-facial digital syndrome
Jeune’s syndrome

ADPKD
Medullary cystic disease
Glomerulocystic diseaseb

Syndromal dominant
Tuberous sclerosis
Von Hippel–Lindau syndrome

Joubert syndrome
Ivemark syndrome
Laurence–Biedl–Moon
Von Hippel–Lindau
Trisomies 13, 18 and 21
Conradi syndrome

Cystic renal dysplasia
Simple cyst
Parapelvic cyst
Medullary sponge kidney
Multilocular cystic nephroma
Acquired cystic renal disease
Wilms’ tumour
Glomerulocystic disease

aAssociated with glomerulocystic disease.
bWith small kidneys.

sufficient to document the extent of cystic renal disease in most 
cases and formulate the most likely differential diagnosis when 
appropriate clinical information is available at referral. In specific 
cases further imaging may be warranted as outlined below.
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account for the bright renal parenchyma. Many neonates succumb 
to respiratory failure from the resulting pulmonary hypoplasia. 
Survivors often require renal replacement therapy as a bridge to 
renal transplantation.

In older children the kidneys are less markedly enlarged. The 
renal manifestations are more in keeping with autosomal dominant 
polycystic kidney and the predominant problems are hepatic fibro-
sis, portal hypertension with hepatosplenomegaly and abdominal 
varices.

Autosomal dominant polycystic kidney disease 
in the paediatric population
The renal manifestations of autosomal dominant polycystic kidney 
(ADPKD) are usually detected in adulthood. Rarely cases may be 
seen prenatally. Most paediatric cases are identified throughout 
childhood and adolescence in known at-risk families undergoing 
screening or in de novo presentations. Renal cysts develop as a 
result of pathological dilatation of the collecting tubule.

Autosomal recessive polycystic kidney
Autosomal recessive polycystic kidney (ARPKD) is a relatively 
uncommon condition characterised by cystic dilatation of the renal 
collecting tubules and hepatic involvement with bile duct ectasia 
(Caroli’s disease) and liver parenchymal fibrosis. The severity of 
renal involvement tends to be inversely proportional to the degree 
of liver disease.

The antenatal sonographic diagnosis of ARPKD is frequently 
made on the basis of bilateral enlarged echogenic kidneys in the 
setting of oligohydramnios. The differential diagnosis of these  
antenatal findings includes autosomal dominant polycystic  
kidney disease, cystic renal dysplasia, syndromal cystic renal 
disease and glomerulocystic disease.

Neonates and infants usually present severe renal impairment or 
hypertension with little or no hepatic involvement. Typical ultra-
sound findings include bilateral enlarged kidneys with echogenic 
cortex and medullae with loss of corticomedullary differentiation 
(Fig. 71.39). The cysts are typically small (1–2 mm) and are best seen 
on high-resolution ultrasound and affect both the cortex and medul-
lae. The multiple fluid interfaces resulting from the small cysts 

Figure 71.39 Autosomal recessive polycystic kidney disease 
(ARPKD). A: Transverse sonogram showing two very large 
echogenic kidneys (arrowheads) occupying most of the abdomen  
in a newborn premature female with antenatal history of 
oligohydramnios. B: Longitudinal high-resolution sonogram in a 
1-year-old with ARPKD showing echogenic renal parenchyma with 
loss of corticomedullary differentiation and small cysts (arrow); these 
are often only seen at higher resolution. C: Coronal T2 gradient-
echo MR image showing typical features of ARPKD – with 
intrahepatic bile duct dilatation and liver fibrosis (arrow), and 
bilateral enlarged kidneys containing multiple small cysts 
(arrowheads).
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required as part of the work-up (Fig. 71.41). Hypertension and end-
stage renal failure are late complications. Cysts may also be seen in 
the liver, spleen, pancreas, adrenal gland, thyroid gland, testis or 
uterus. The first degree relatives of affected children are usually 
offered genetic counselling and sonographic screening.

Cystic renal dysplasia
Cystic renal dysplasia is a disorder of metanephric differentiation 
resulting in persisting fetal renal tissue. The condition may be seg-
mental or diffuse and affect one or both kidneys depending on the 
underlying disorder. Antenatal obstructive or refluxing uropathy 
usually developing later in fetal life than MCDK is a common cause. 
In infants this is most commonly seen in the posterior urethral valve 
but can also be seen in urethral stricture/atresia, ureteropelvic and 
ureterovesical junction stenosis and occlusion.

Dysplastic kidneys show poor renal function on DMSA scintig-
raphy and can be difficult to differentiate from true renal scarring. 
DMSA and VCUG should be performed in infants with dysplastic 

Antenatal and neonatal sonographic findings include bilateral 
enlarged kidneys which show loss of corticomedullary differentia-
tion. Small cysts may be seen. The ultrasound features are very 
similar to ARPKD. Whilst oligohydramnios, hepatic fibrosis and 
significant neonatal renal impairment or hypertension are extremely 
unusual; such clinical features are not necessarily helpful in dif-
ferentiating between neonatal ADPKD and ARPKD and can be seen 
in both conditions but more usually in ARPKD.

The sonographic findings in older children are similar to those in 
adults and include bilateral renal enlargement, echogenic paren-
chyma with loss of corticomedullary differentiation, variable corti-
cal thickness, and multiple large cysts which are of varying size and 
parenchymal distribution within the renal cortex and medulla (Fig. 
71.40). Large cysts are at greater risk of haemorrhage. Urinary tract 
infection is another presenting feature and like haemorrhage a 
cause of sedimentation within the renal cyst. Occasionally a haem-
orrhagic cyst is difficult to differentiate from a renal tumour.  
Follow-up ultrasound in patients with known ADPKD is an  
option, but CT or magnetic resonance imaging (MRI) is often 

Figure 71.40 Autosomal dominant polycystic kidney disease (ADPKD). A: Longitudinal sonogram of an enlarged left kidney showing 
multiple simple cysts (arrows) of varying size. B: Coronal T2 gradient-echo image in the same patient showing multiple renal cysts 
throughout both kidneys. This child had a family history of PKD1-type ADPKD. C: Longitudinal sonogram of the right kidney in another 
patient with ADPKD presenting with loin pain showing two renal parenchymal cysts with varying amount of echogenic material from recent 
haemorrhage (arrowheads).
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tubulo-interstitial salt-losing nephropathy leading to progressive 
renal failure in childhood. The resulting decreased urine- 
concentrating ability manifests as polydipsia, polyuria, enuresis, 
anaemia, failure to thrive and short stature.

The sonographic hallmark of JN at presentation is the presence 
of normal sized hyperechoic kidneys in a child with progressive 
renal failure. The diagnosis of JN is made at renal biopsy. Medul-
lary or corticomedullary cysts (<2 cm) typically present during 
the later stages of the disease when there is established end-stage 
renal failure.28 Small hyperechoic kidneys eventually result from 
cortical loss.

kidneys. Typical sonographic findings include small kidneys with 
loss of corticomedullary differentiation, and multiple small cortical 
cysts within echogenic renal parenchyma in the presence of an 
obstructive uropathy (Fig. 71.42).

Medullary cystic disease
Medullary cystic disease (MCD) is an autosomal dominant  
condition which manifests as late-onset chronic renal failure. The 
familial juvenile form, juvenile nephronophthisis (JN), is an auto-
somal recessive disorder characterised by a chronic sclerosing 

Figure 71.41 Autosomal dominant polycystic kidney disease (ADPKD) post-traumatic complex cyst. Teenage skateboarder with 
known ADPKD presenting with haematuria and left loin pain. Longitudinal (A) and transverse (B) sonogram of an enlarged polycystic left 
kidney showing a large complex cyst (*). C: Coronal reformatted image from a contrast-enhanced CT scan delineating the upper pole 
haemorrhagic cyst.
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multiple organ systems. Renal manifestations include simple corti-
cal and medullary cysts (Fig. 71.44). Renal angiomyolipomata are 
another feature. Hamartomas also involve the brain, skin (adenoma 
sebaceum), retinas (phakomata), heart (rhabdomyoma) and bones.

Von Hippel–Lindau (VHL) disease is an autosomal dominant 
condition comprising multiple visceral cysts and solid masses 
affecting several organ systems with the potential to undergo 
malignant transformation in adulthood. The abdominal and pelvic 
manifestations of children with VHL include simple cysts which 
may affect the kidneys (multiple and bilateral cortical cysts),  
pancreas or epididymes. There is a recognised association of VHL 
with phaeochromocytoma in children. Regular screening with 
ultrasound is sensible under the direction of a clinical geneticist.

Simple cyst
Simple renal cysts in children are rare and should be considered a 
diagnosis of exclusion. A compound calyx may be mistaken for a 
renal cyst. Care should be taken to ensure that a true parapelvic cyst 
is differentiated from a calyceal diverticulum (Fig. 71.45). The latter 
is a risk for nephrolithiasis. An upper pole renal cyst may in fact 
represent a rudimentary duplex system.

Follow-up ultrasound is recommended to ensure further cysts do 
not develop. Should a cyst show disproportionate interval growth 
or become more complex with interval septation or calcification or 
develop a solid component, then an underlying malignancy should 
be excluded. Biopsy with a view to nephron-sparing surgery should 
be considered.

Multilocular cystic nephroma
This benign ‘tumour’ typically occurs in boys under the age of 2 
years or adult females. The ultrasound findings in multilocular 
cystic nephroma are of a fairly well-circumscribed multicystic mass 
containing internal septations of variable thickness (Fig. 71.46). The 
presence of solid components or parenchymal flow should alert the 

Medullary sponge kidney
Medullary sponge kidney (MSK) is rarely encountered in the pae-
diatric population. The condition relates to cystic dilatation (tubular 
ectasia) affecting the renal medullae.

IVU is diagnostic, showing a characteristic contrast blush centred 
on the renal medullae (Fig. 71.43A). The ultrasound findings 
depend on the stage of the disease. The kidneys are sonographically 
normal in early disease and later on show increased medullary 
echogenicity in normal sized kidneys progressing to medullary 
nephrocalcinosis (Fig. 71.43B). Complications of MSK include infec-
tion, renal calculi and haematuria.

Glomerulocystic kidney disease
Glomerulocystic kidney disease (GCKD) is an uncommon hetero-
geneous group of conditions characterised by dilatation of the first 
portion of the proximal convoluted tubule. Clinical subtypes 
include (i) heritable or sporadic non-syndromic forms, (ii) heritable 
syndromal forms and (iii) part of dysplastic kidney disease which 
may be syndromal.

Affected infants usually present with palpable enlarged kidneys 
and renal impairment. Ultrasound features include enlarged 
kidneys, increased cortical and medullary echogenicity, loss of  
corticomedullary differentiation, and subcapsular cysts (typically 
<1 cm) which may eventually involve all the renal cortical paren-
chyma. Periportal liver fibrosis and bile duct dilatation may also be 
seen. In practice it may be difficult clinically and on imaging to 
differentiate GCKD from ARPKD.

Hereditary and syndromal renal cystic disease
Many syndromes are associated with renal cysts; these are sum-
marised in Table 71.3.

Tuberous sclerosis is an autosomal dominant condition charac-
terised by mental retardation, seizures and hamartomas affecting 

Figure 71.42 Cystic renal dysplasia. A: High-resolution longitudinal sonogram in a newborn male, showing a small uniformly echogenic 
kidney with loss of corticomedullary differentiation, containing multiple small renal subcortical cysts. B: Chest X-ray of the same child 
intubated at birth for respiratory distress showing pulmonary hypoplasia.
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Figure 71.43 Medullary sponge kidney (MSK). Imaging of child with Rabson–Mendenhall syndrome, which is a rare condition 
characterised by severe insulin resistance and is associated with MSK. MSK is rare in the paediatric population. A: Longitudinal sonogram 
showing medullary nephrocalcinosis. B: 5-minute cross kidney film from an IVU series showing characteristic discrete linear densities within 
the renal papillae (arrowheads). The IVU findings are specific.
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clinician to the presence of associated renal malignancy. The cysts 
can contain internal echoes from mucoid debris or internal haemor-
rhage and may be difficult to differentiate from normal paren-
chyma. In practice multilocular cystic nephroma cannot be 
differentiated from Wilms’ tumour by imaging. Cross-sectional 
imaging should be undertaken and the lesion treated as malignant 
until proven otherwise.

The diffusely echogenic kidney

Increased renal reflectivity, also referred to as the ‘bright’ or echo-
genic kidney, is recognised when the renal parenchymal echogenic-
ity is greater than that of normal liver or spleen parenchyma (Fig. 
71.47). This abnormal finding is very non-specific and there are 
numerous causes of echogenic kidneys in children.

Useful information in the clinical referral of such patients include: 
relevant prenatal history, the age of onset, clinical presentation and 
family history.

Commonly encountered patterns include:
n enlarged echogenic kidneys with abnormal echotexture 

(Table 71.4)

n hyperechoic renal medulla with normal architecture 
(Table 71.5)

n small echogenic kidneys with abnormal echotexture.29

Bilateral small echogenic kidneys
The vast majority of small kidneys with hyperechoic parenchyma 
and abnormal architecture in young children are the result of cystic 
dysplasia associated with urinary tract obstruction (Fig. 71.42). 
Other causes include hypoplastic dysplastic kidneys and cortical 
and medullary necrosis in the newborn.

In older children established medical renal disease and renal 
scarring (see Fig. 71.60) are common causes of bilateral small echo-
genic kidneys.

Table 71.4 Enlarged echogenic kidneys with abnormal 
echotexture

Acute tubular necrosis (can be normal sized)
Renal vein thrombosis
Recessive polycystic kidney disease
Dominant polycystic kidney disease
Dominant polycystic kidney disease with glomerulocystic disease
Sporadic glomerulocystic disease
Diffuse cystic renal dysplasia
Dysplastic renal disease associated with a syndrome
Congenital nephrotic syndrome
Haemolytic uraemic syndrome
Contrast nephropathy
Transient nephromegaly
Renal candidiasis
Renal involvement in biliary atresia
Renal glycogen storage disease
Renal leukaemic infiltrate

Unilateral renal cysts in children

• Ultrasound is usually sufficient to diagnose renal cystic disease.
• A simple renal cyst is uncommon in paediatric practice and 

merits further investigation and nephrology or urology input. Long 
term follow-up ultrasound should be undertaken to monitor the 
development of new cysts.

• Intravenous pyelography is helpful in demonstrating a calyceal 
cyst or duplex system.

• A complex cyst (particularly with solid portions or colour flow) 
should be treated as being suspicious for malignancy and should 
undergo biopsy with a view to nephron-sparing resection.
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Figure 71.44 Renal manifestations of tuberous sclerosis (TS). A: High-resolution longitudinal sonogram showing multiple small 
hyperechoic foci throughout the renal parenchyma (arrow) typical of angiomyolipomata (AML). B: Ultrasound showing a renal cyst in a TS 
patient (between callipers) and AML (arrow). C: Axial contrast-enhanced CT of the same patient showing multiple small peripheral 
enhancing AML (arrow) and small renal cysts (arrowhead).
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The echogenic kidney in the older child
There are numerous causes of hyperechoic kidneys in older chil-
dren. Common or important causes are listed in Table 71.6.

Medical renal disease

Persisting haematuria or proteinuria, nephritic syndrome, neph-
rotic syndrome, tubular dysfunction, systemic hypertension, acute 

Figure 71.45 Calyceal diverticulum. A: Longitudinal sonogram in an oncology follow-up patient demonstrating what was thought to be 
an incidental renal cyst (between callipers). B: Previous contrast-enhanced CT scan in retrospect showed this cyst to fill with excreted 
intravenous contrast (arrow) consistent with a calyceal diverticulum. Renal cysts in children are rare and merit specialist follow-up.

A B

Figure 71.46 Multilocular cystic nephroma. Longitudinal colour 
Doppler sonogram in a 1-year-old boy with a well-circumscribed 
multicystic mass lesion in the upper pole of the right kidney. The 
majority of cysts are anechoic with echogenic septa. The largest 
imaged cyst contains debris.

Table 71.5 Increased medullary echogenicity with 
preserved architecture

Hypercalcaemia
Idiopathic nephrocalcinosis (Williams syndrome, absorptive 
hypercalciuria)
Oxalosis
Renal tubular acidosis
Iatrogenic (furosemide, treatment for hypophosphotaemic rickets)
Tamm–Horsfall proteinuria
Infection (CMV, Candida)
Sickle cell nephropathy
Rare causes: Bartter syndrome, Cushing syndrome, lipoid 
necrosis, Lesch–Nyhan syndrome, thyroid dysfunction

Table 71.6 Common causes of echogenic kidney in the 
older child

Glomerulonephritides
Vasculitides
Tubular interstitial nephritides (prerenal causes such as ATN, 
sepsis, drugs and toxins)
Renal cystic disease
Renal dysplasia
End-stage renal failure
Hypertensive nephrosclerosis
Tumour infiltration (lymphoma, leukaemia, nephroblastomatosis)
Deposition disorders (glycogen storage disease)

and chronic renal failure are all manifestations of medical renal 
disease for which medical imaging may be required.

Renal failure
Renal failure may be acute (ARF) or chronic (CRF) and further 
subdivided based on the site of disease as any combination of:
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kidneys with loss of corticomedullary differentiation and echogenic 
parenchyma. ATN is frequently seen in neonates.

Tamm–Horsfall proteinuria (transient medullary 
hyperechogenicity)
This entity results from mucoprotein deposition, predominately 
Tamm–Horsfall protein, produced by nephrons which may  
transiently obstruct the renal tubules resulting in oligoanuria and 
stasis nephropathy in the newborn period. Ultrasound shows 
hyperechoic medullary pyramids (Fig. 71.48). This is a benign self-
limiting process. The sonographic findings normalise within the 
first week of life with no long-term sequelae.

Vasculitides
Henoch–Schönlein purpura (HSP), also referred to as IgA neph-
ropathy, is the most common vasculitis in childhood; it usually 
follows an intercurrent chest infection. Clinical manifestations 
include a characteristic purpuric rash, abdominal pain, arthralgia 
and renal disease. The diagnosis is often made clinically. The 
renal imaging findings are non-specific but demonstration of a 
small bowel intussusception or submucosal haemorrhage and 
typical clinical history are highly suggestive of the diagnosis  
(Fig. 71.49).

Other vasculitides involving the kidneys in childhood include 
Kawasaki disease, polyarteritis nodosa (PAN), Wegener’s granulo-
matosis, Churg–Strauss syndrome and systemic lupus erythemato-
sus. Renal biopsy may be required in these cases. Angiography is 
indicated in PAN.

Haemolytic uraemic syndrome
Haemolytic uraemic syndrome (HUS) is the most common cause of 
acute renal failure in children and typically follows a prodromal 
illness such as an Escherichia coli (O157:H7) gastroenteritis or occa-
sionally an upper respiratory tract infection. HUS is characterised 
by a microangiopathic haemolytic anaemia, thrombocytopenia, 
oligo-anuric renal failure with microscopic haematuria, proteinuria 
and hypertension.

Figure 71.47 Echogenic kidney. Longitudinal sonogram in a 
13-year-old girl presenting with an acute glomerulonephritis with 
renal impairment and haematuria; showing a normal sized kidney 
with bright cortex and loss of corticomedullary differentiation. 
Glomerulonephritis was confirmed by an ultrasound-guided  
renal biopsy.

Figure 71.48 Tamm–Horsfall proteinuria. Longitudinal sonogram 
of the right kidney in a newborn male showing focal 
hyperechogenicity of the tips of several medullary pyramids 
(arrows).

n prerenal
n renal
n postrenal.

Renal tract ultrasound and a chest X-ray usually suffice in the 
initial management. Renal biopsy should be reserved for those 
cases where the clinical and imaging features alone are insufficient 
to make a definitive diagnosis. Biopsy is useful when there is poor 
response to treatment or persisting haematuria.

Abdominal ultrasound should address the following questions:
n What is the renal size, position and outline? (ARF – normal or 

enlarged kidneys: CRF – normal in medullary cystic disease 
but small in most other causes.)

n What is the renal parenchymal echogenicity and 
corticomedullary differentiation?

n Are there any focal lesion(s) (such as cysts, wedge-shaped 
infarcts)?

n Is there renal tract dilatation?
n Are the renal veins and inferior vena cava (IVC) patent?
n Is aortic calibre and aortic and renal perfusion normal?
n Is there nephrocalcinosis or nephrolithiasis?
n Is there ascites? (A pleural or pericardial effusion may be 

visible.)
n Are there any visceral cysts or liver parenchymal abnormality 

to suggest cystic disease?
A chest X-ray is helpful in documenting heart size, pleural effu-

sions or pulmonary congestion.

Acute tubular necrosis
Acute tubular necrosis (ATN) refers to renal tubular injury as seen 
in shock (prerenal), exposure to nephrotoxins (renal) or obstructive 
uropathy (postrenal). Ultrasound reveals diffuse enlargement of the 
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Cortical and medullary necrosis
Renal cortical and medullary necrosis are severe complications of 
perinatal asphyxia and shock. The mortality rate is high. The 
ensuing cortical infarction spares the medulla, juxtamedullary 
cortex and a thin rim of subcapsular cortex in all but the most severe 
cases. The kidneys initially are echogenic, normal sized to slightly 
enlarged and show poor perfusion but subsequently become 
smaller and remain echogenic. Affected areas may be become calci-
fied and usually are non-functioning.

End-stage renal failure and renal 
transplantation

End-stage renal failure
Children with end-stage renal failure are at risk of poor growth and 
development due to the metabolic disturbances resulting from 
reduced creatinine clearance. Nutritional status is improved by 
parenteral or permanent enteral feeding, in order to achieve an 
optimum weight for renal transplantation. Colour Doppler ultra-
sound is frequently requested to assess for potential sites of central 
venous access. Ultrasound is an alternative to a contrast linogram 
in looking for catheter-related thrombus. Pericatheter fluid collec-
tions are also well seen on ultrasound.

Effective renal replacement therapy can be achieved with con-
tinuous ambulatory peritoneal dialysis (CAPD) until a suitable 
transplant becomes available. Ultrasound may be required in cases 
of suspected bacterial peritonitis to exclude a contained collection. 
Radiographs are useful to show the position of the tip of the CAPD 
catheter and demonstrate intrathoracic leakage of peritoneal dia-
lysate. CAPD patients are at risk of intra-abdominal hernias, which 
are readily seen on ultrasound.

The major benefits of renal transplantation in children are in the 
avoidance of dialysis-related complications and providing the best 
opportunity for normal growth and development. The increasing 
availability of a live related donor for a child (often a parent) has 

Abdominal symptoms predominate with bowel wall thickening 
(Fig. 71.50A). Initial renal sonographic findings may be normal. 
With more severe involvement the kidneys are enlarged and show 
diffuse increase in cortical echotexture (Fig. 71.50B). Most patients 
recover completely. Mortality is around 10% and renal impairment 
may persist in a third of cases.

Figure 71.49 Henoch–Schönlein purpura. Transverse high-
resolution sonogram of the left iliac fossa in a 7-year-old boy with 
purpuric rash, abdominal pain, haematuria and renal impairment. 
There is an abnormal hyperechoic focus within the wall of a loop of 
small bowel (arrow). Multiple such lesions were seen in keeping with 
submucosal haemorrhage. The kidneys appeared normal.

Figure 71.50 Haemolytic uraemic syndrome (HUS). A: High-resolution sonogram of the transverse colon in a child with a clinical 
picture of HUS showing marked bowel wall thickening; this finding is by no means specific for the diagnosis. B: Longitudinal sonogram of 
the same child showing an enlarged right kidney with diffuse increase in cortical texture. Bowel involvement in HUS is more common than 
renal disease.

A B



Paediatric renal tract

1445

greatly improved the chance of graft survival compared to unre-
lated cadaveric donor kidney. Long-term outcomes in younger  
children are now becoming equivalent to those in older children.30

Preoperative evaluation
Ultrasound of the native kidneys will have usually been performed 
serially prior to consideration for transplantation. Nephrectomy of 
the native kidneys is rarely required for successful renal transplan-
tation. Exceptions include: renal cancer, cystic renal disease, infec-
tion, or if the native kidney is the source of severe refractory 
hypertension.

Detailed non-invasive screening of the aorta, IVC and iliac vessels 
should be undertaken for children with end-stage renal failure prior 
to transplantation. Ultrasound will usually suffice but phase con-
trast MR angiography may be required.31 Accurate knowledge of 
vascular anomalies will influence the technical procedures required 
during renal transplantation and may affect patient survival.

Transplantation anatomy in children
In smaller children the renal allograft is usually sited intra- 
abdominally, with the donor renal vein and artery anastomosed to 
the distal inferior vena cava and aorta (Fig. 71.51A). In the older child 
the pelvic retroperitoneal position is favoured, with the transplant 
renal vein anastomosed end-to-side to the internal iliac vein and the 
transplant renal artery end-to-end to the internal iliac artery (Fig. 
71.51B). The donor ureter is usually anastomosed to the patient’s 
urinary bladder via a ureteroneocystostomy but if there is bladder 
dysfunction then an ileal conduit is formed for urinary diversion. 
The sonographer should ideally have the transplant operation note 
or an anatomical summary prior to undertaking ultrasound.

Sonographic appearances and complications 
of renal transplantation in the child
The imaging techniques, normal ultrasound appearances and com-
plications demonstrable by ultrasound in children following renal 
transplantation are analogous to those routinely encountered in 
adult practice. These are described in detail in Chapter 28.

It is important to note that most children will receive an adult 
transplant kidney. Both paediatric and adult renal pathology should 
be anticipated in such cases.

Urolithiasis

Urolithiasis refers to the formation of a calculus within the renal 
collecting system, ureter, urinary bladder or urethra. Urolithiasis is 
uncommon in children. In European children infection-related 
stones predominate.32 The epidemiology of paediatric nephrolithi-
asis in the United Kingdom has been reported more recently.33 A 
slightly higher incidence of renal calculi was seen in males; the 
majority of stones formed in the upper renal tract; but higher pro-
portions were metabolic (44%). The remainder included infective 
(33%) or idiopathic (26%). Coexisting urinary tract infection (49%) 
was common in the metabolic group, with infection in many cases 
masking the underlying metabolic condition.

Calcium-containing stones (opaque on X-ray) tend to occur in 
older children, particularly if there is coexisting nephrocalcinosis or 
an underlying metabolic abnormality including:

n Idiopathic hypercalciuria – results from increased intestinal 
absorption of calcium or reduced renal tubular resorption of 
calcium.

n Hyperoxaluria (densely opaque) – primary disease is a rare 
autosomal recessive condition associated with highly 
echogenic kidneys. Secondary disease is due to enteric 

Figure 71.51 Renal transplantation anatomy in children 
(modified from Seigel MJ, Paediatric Sonography, 3rd edition, 
LWW, 2002). Line diagrams showing the vascular anastomoses in 
renal transplantation. A: In smaller children the renal allograft is 
typically sited intra-abdominally, with the donor renal vein and artery 
anastomosed to the distal inferior vena cava and aorta. B: In the 
older child the kidney is placed in a pelvic retroperitoneal position 
with the transplant renal vein anastomosed end-to-side to the 
internal iliac vein and the transplant renal artery end-to-end to the 
internal iliac artery.
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malabsorption seen in cystic fibrosis and inflammatory bowel 
disease.

n Hyperparathyroidism – rare in children.
Other specific stones include:

n Struvite stones (opaque): infective stones are frequently 
diagnosed in boys aged less than 5 years of age. The vast 
majority have infected urine at the time of diagnosis. There is 
an association with congenital structural abnormalities such 
as megaureter, neurogenic bladder and bladder exstrophy.

n Uric acid stones (radiolucent) are uncommon in children and 
seen in myeloproliferative disorders, other haematological 
conditions and Lesch–Nyhan syndrome.

n Cysteine stones (faintly radio-opaque) occur at all ages and 
result from inborn errors of metabolism. These may form as 
single small stones anywhere in the urinary tract or coalesce 
into a staghorn arrangement.
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Investigation of paediatric nephrolithiasis

1. Urinalysis
2. Radiological investigation (options include ultrasound and 

radiograph, low-dose non-contrast-enhanced renal tract CT or 
intravenous pyelography; the latter is now rarely used)

3. Metabolic screen
4. Stone biochemical analysis

All children with renal stones should be evaluated in a systematic 
fashion. The main role of ultrasound is in determining the size and 
number of calculi, monitoring disease progress and evaluating any 
related complications. Careful high-resolution ultrasound of the 
renal tract will reliably identify most renal tract calculi. Stones are 
more difficult to identify in the middle and proximal thirds of the 
ureter. It is still sensible to obtain an abdominal radiograph at initial 
presentation. Small stones on ultrasound appear as echogenic foci. 
Acoustic shadowing (Fig. 71.52) can be detected in calculi of at least 
5 mm in size. In general stones that are more radio-opaque on 
radiographs tend to be stronger reflectors but US cannot reliably 
differentiate between different stone types. Colour Doppler ‘twinkle 
artefact’ sign should be actively sought (Fig. 71.53). This appears as 
a rapid fluctuating mixture of Doppler signals imitating turbulent 
flow with an associated characteristic flat Doppler spectrum behind 
a strongly reflecting interface as seen in calculi or parenchymal 
calcifications.34

The most important consideration is to exclude renal tract 
obstruction. In most cases the stone will eventually pass. The  
presence of an obstructive uropathy with secondary pyonephrosis 
mandates urgent treatment in the form of a percutaneous 
nephrostomy.

The treatment of paediatric renal stone disease includes medical 
therapy for cysteine and uric acid stones. Extracorporeal shock 
wave lithotripsy (ESWL) is now the preferred treatment for persist-
ing, symptomatic or complicated stone disease. Nephrolithotomy 
is an alternative where ESWL is not an option.

Nephrocalcinosis

Nephrocalcinosis refers to abnormally increased calcium deposi-
tion within the renal parenchyma and may coexist with renal tract 
calculus formation. Nephrocalcinosis is classified as cortical, med-
ullary or diffuse. The various causes of nephrocalcinosis in children 
are summarised in Tables 71.7 and 71.9. As most of the underlying 
conditions are systemic, nephrocalcinosis is almost always bilateral 
and typically symmetric. Exceptions include prior renal vein throm-
bosis, unilateral obstructive hydronephrosis35 or perfusion anomaly 
such as renal artery occlusion.

Nephrocalcinosis is an uncommon condition in childhood. It is 
often asymptomatic, particularly in infancy. High-resolution ultra-
sound has been found to be a sensitive and reliable method for the 
detection of nephrocalcinosis.36 Ultrasound is more sensitive in 
detecting nephrocalcinosis than plain abdominal radiographs. The 

Table 71.7 Causes of medullary nephrocalcinosis

Idiopathic nephrocalcinosis (Williams syndrome, absorptive 
hypercalciuria)

Renal tubular acidosis
Iatrogenic (furosemide, treatment for hypophosphotaemic rickets)
Oxalosis
ARPKD
Sickle cell disease
Rare causes: Bartter syndrome, Cushing syndrome, lipoid 

necrosis, Lesch–Nyhan syndrome, thyroid dysfunction

Table 71.8 Nephrocalcinosis grading scale (adapted 
from Dick et al.36)

Grade

0
I

II

III

Normal echogenicity of the medullary pyramids
Mild increased echogenicity around the border of 

the medullary pyramid
Mild diffuse increased echogenicity of the entire 

medullary pyramid
Greater, more homogeneous increase in the 

echogenicity of the entire medullary pyramid

Figure 71.52 Urolithiasis. A: Longitudinal sonogram of the kidney with an echogenic focal calculus in the upper pole casting an acoustic 
shadow. B: Longitudinal sonogram of the kidney showing a large non-obstructing calculus in the renal pelvis. C: Transverse sonogram of 
the pelvis showing a stone (between callipers) at the left vesico-ureteric junction. D: Transverse sonogram of the pelvis in another patient 
showing a very large stone within the urinary bladder. A foreign body could act as a nidus for renal stone formation but this was not the 
case in this child. E: Post-micturition transverse sonogram of the urinary bladder (*) in a teenage boy with a calculus (between callipers) in 
the prostate gland (arrowhead). F: Longitudinal high-resolution scan along the shaft of the penis demonstrating a urethral calculus (arrow).

Role of ultrasound in investigating urinary tract infection

• Detect findings consistent with active infection.
• Identify predisposing conditions (VUR, neurogenic bladder, 

calculus or structural anomaly such as cloacal anomaly or UPJO).
• Identify immediate complications such as focal abscess.
• Identify long-term complications such as renal scarring.
• Document bipolar renal length.
• Serial follow-up to assess interval renal growth.

Table 71.9 Causes of cortical nephrocalcinosis

Acute cortical necrosis
Primary hyperoxaluria
Sickle cell disease
Chronic hypercalcaemia

normal renal pyramid is hypoechoic relative to the renal cortex. An 
increase in medullary echotexture should raise the suspicion of 
medullary nephrocalcinosis (Fig. 71.54). A widely used ultrasound-
based nephrocalcinosis grading scale outlining the progressive 
sonographic changes seen in medullary nephrocalcinosis is sum-
marised in see Table 71.8.

Selective cortical nephrocalcinosis is rare. The main causes are 
summarised in Table 71.9.
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Figure 71.53 Urolithiasis. Longitudinal sonograms of the right kidney. A: Greyscale image. B: Corresponding colour Doppler image. 
The latter shows the characteristic ‘twinkle artefact’ seen in strong reflectors of sufficient size, such as renal calculi, when interrogated with 
optimised colour Doppler.

A B

Urinary tract infection in children

Urinary tract infection (UTI) is one the commonest pathologies in 
children and is defined by the presence of a positive urine culture 
specimen yielding a growth of pathogens greater than or equal to 
10 000 colony-forming units per cubic millimetre of urine. A slightly 
higher incidence is seen in uncircumcised boys under the age of 1 
year; otherwise in all other age groups girls are around three times 
more likely to be affected than boys.

The clinical and laboratory diagnosis of UTI in children is chal-
lenging. Imaging is often required as an aid to the diagnosis and 
future management. Ultrasound is the first-line diagnostic imaging 
test in UTI. Symptoms of UTI in the younger child include fever, 
loss of appetite, vomiting, lethargy and failure to thrive. Abdominal 
pain, loin pain, frequency and dysuria are common symptoms in 
the older child. The urine may be smelly but regardless a sterile 
sample must still be sent for microbiological assessment. Escherichia 
coli accounts for 75–90% of infections.

Asymptomatic bacteriuria refers to a significant number of bac-
teria present in the urine that occurs without causing any of the ill 
effects associated with UTI. Routine treatment is not necessary as a 
high proportion of patients will tend to recolonise with bacteria 
despite antibiotic therapy.

The ultrasound findings in acute renal infection are highly vari-
able. Infection may involve the upper renal tract (acute pyelone-
phritis) or the lower renal tract (cystitis or ureteritis). There may 
also be established changes from pre-existing renal damage caused 
by previous episodes of UTI (chronic pyelonephritis).

Upper urinary tract infection

Acute pyelonephritis

Sonographic findings in acute pyelonephritis (APN) (Fig. 71.55) 
include:

n increased volume – volume increase may be focal or 
generalised

n loss of corticomedullary differentiation
n areas of abnormal echotexture (heterogeneous, decreased or 

increased)
n renal sinus hyperechogenicity
n pyonephrosis
n urothelial thickening at the renal pelvis and ureter
n abscess formation
n subcapsular collection (Fig. 71.56)
n perirenal fat hyperechogenicity
n juxtarenal process.

Juxtarenal process refers to disease processes affecting retroperi-
toneal perirenal space. Pathologies include infection, urine extrava-
sation and haemorrhage (Fig. 71.57). The echogenicity of the kidney 
and perirenal fascia is dependent upon the disease process. Urine 
is usually hypoechoic. Pus is more complex and may contain gas; 
the presence of gas may also indicate a urinoma. The appearance 
of haemorrhage varies with time and is described in more detail in 
relation to renal tract trauma.

Pyonephrosis on ultrasound is seen as multiple echoes within a 
distended pelvicalyceal system and results from pus, debris or 
haemorrhage (Fig. 71.58). Urothelial thickening (Fig. 71.58) is a 
fairly non-specific finding seen in infection, VUR, stone disease and 
obstruction. Placement of a percutaneous nephrostomy is urgently 
indicated in cases of an infected obstructed system and is usually 
secondary to a renal stone or structural abnormality such as UPG 
obstruction. Abscess formation that does not respond to an appro-
priate course of conservative therapy may also require surgical 
intervention (Fig. 71.59).

As infection may be focal or diffuse a meticulous approach to 
ultrasound technique is required. Careful examination should 
actively look for renal calculi, caliectasis, pelviectasis, hydroureter 
and evidence of vesico-ureteric reflux (VUR) or an underlying 
structural abnormality. Proteus infection is usually more common 
in boys and has a strong association with congenital obstructive 
uropathy and struvite renal stone formation. Infection may be 
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Figure 71.54 Medullary nephrocalcinosis. A: Longitudinal sonogram of the kidney showing discrete stippled foci of calcification centred 
on the medullary pyramids (arrow); these were not visible on plain film imaging. Ultrasound and CT are more sensitive than plain 
radiographs in detecting medullary nephrocalcinosis. B: Longitudinal sonogram of the kidney showing nephrocalcinosis predominantly 
affecting the periphery of the medullary pyramids. C, D: Longitudinal (C) and transverse (D) sonograms in a child with infantile 
hypercalcaemia showing striking homogeneous increased texture centred on the renal pyramids in keeping with grade 3 medullary 
nephrocalcinosis.36
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repetitive resulting from reflux nephropathy, also referred to as 
chronic pyelonephritis. Features of chronic pyelonephritis should 
be actively sought (see below).

Colour Doppler may increase the sensitivity of ultrasound in the 
detection of APN; however, Doppler findings in APN are also 
highly variable. Hyperaemia with a reduction in Doppler indices is 
seen secondary to the acute infection. Focal oedema and capsular 
distension results in diminished blood flow to the affected renal 
parenchyma. The more typical pattern is reduced flow and an 
increase in Doppler indices (Fig. 71.55).37

Chronic pyelonephritis

Repetitive episodes of APN can result in parenchymal loss referred 
to as renal scarring. Ultrasound has a very high specificity but 

relatively lower sensitivity for the detection of renal scarring (Fig. 
71.60). A high level of vigilance is required in the detection of scar-
ring. Only with careful assessment of parenchymal depth across the 
entire length and breadth of each kidney can ultrasound maintain 
a high level of sensitivity. DMSA scintigraphy is considered the gold 
standard in the evaluation of renal scarring38 (Fig. 71.60). The dif-
ferential diagnosis for renal scarring includes antenatal dysplasia 
and cortical necrosis. Recurrent pyelonephritis may cause hyperten-
sion, renal insufficiency and end-stage renal failure.

Lower urinary tract infection
Cystitis and ureteritis will present with lower urinary tract symp-
toms such as dysuria and frequency. A urine culture sample should 
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Figure 71.55 Acute pyelonephritis (APN): 13-year-old girl with 
flank pain and high fever. A: Longitudinal sonogram of the right 
kidney demonstrating a focal area of swollen parenchyma showing 
homogeneous slightly increased echogenicity (arrowheads) 
deforming the renal contour. B: Corresponding colour Doppler 
image showing reduced perfusion to affected area. C: Axial 
contrast-enhanced CT in the same patient showing a characteristic 
patchy striated nephrogram (white arrowhead) compared to normal 
left kidney (black arrowhead). Both kidneys were seen to excrete. 
The CT scan was performed at an external institution for suspected 
acute appendicitis. Cystic change is indicative of liquefaction and 
abscess formation.
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Figure 71.56 Subcapsular and perirenal space collections. Longitudinal sonograms of the left kidney. A: 1-week-old male with 
posterior urethral valve and secondary infection of a urinoma (arrowheads) compressing the left kidney. This contains mixed echoes; the 
bright echoes are due to gas. Urine cultures were positive for mixed coliform organisms. B: Lenticular subcapsular collection in a teenager 
following percutaneous renal biopsy (between callipers); infection could have given rise to similar appearances. Ultrasound cannot 
differentiate between blood and pus. The clinical history is important in determining the most likely aetiology.
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Figure 71.58 Pyonephrosis. Transverse (A) and longitudinal (B) sonograms of the right kidney in a child with secondary infection of a 
ureteropelvic junction obstruction; manifesting as a fluid debris level and urothelial thickening (arrow). Urgent decompression with a 
percutaneous nephrostomy was performed.

A B

Figure 71.57 Juxtarenal processes. A: Longitudinal sonogram of the right kidney in a hypotensive neonate. The kidneys were extremely 
difficult to define as discrete structures (white arrowheads). B: Axial contrast-enhanced CT performed shortly after the ultrasound showing 
retroperitoneal haemorrhage (black arrowheads) surrounding the normally enhancing kidneys (white arrowheads). Conditions that affect the 
perirenal and pararenal spaces such as infection, acute haemorrhage or response to chronic urine leakage may give rise to such 
sonographic appearances.

A B
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Figure 71.59 Renal abscess. A: Axial sonogram showing a well-defined mass lesion within the interpolar region of the right kidney 
(arrow), containing a small central hypoechoic area. This was suspected to be a necrotic tumor. B: Axial contrast-enhanced CT of the 
same child showing a thick-walled enhancing mass lesion (arrow). Percutaneous biopsy was performed yielding pus. This resolved 
following aspiration and treatment with parenteral antibiotics.

A B

Figure 71.60 Renal scarring. A: Longitudinal sonogram of the right kidney. There is focal thinning of the upper pole (arrow) due to renal 
parenchymal scarring. B: DMSA scan showing a focal defect in the upper pole of the left kidney with accompanying volume loss. Scarring 
results from reflux and non-reflux pyelonephritis. DMSA scintigraphy is highly sensitive for detecting renal scarring but cannot differentiate 
this from antenatal renal dysplasia.
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weight loss, anaemia, elevated inflammatory markers and high 
white cell count.42

The aetiology is poorly understood but major contributing factors 
include urinary tract sepsis and chronic obstruction typically in the 
presence of a renal calculus. Urine cultures may be positive; organ-
isms include Proteus mirabilis and Escherichia coli.42

Typically a solid mass is present showing areas of cystic necrosis. 
Abnormal tissue may breach the renal capsule and is frequently 
mistaken for a Wilms’ tumour. The presence of dense calcification 
should serve as a clue to the diagnosis (Fig. 71.62). Cross-sectional 
imaging is often performed preoperatively. Nephrectomy of the 
non-functioning kidney is the treatment of choice, with the diagno-
sis frequently coming to light only after surgery.

Renal candidiasis
This is infrequent in the paediatric population. The highest preva-
lence is in preterm neonates, usually associated with acute systemic 
candidiasis. Other associations include a congenital malformation 
of the urinary tract (such as posterior urethral valve), diabetes and 
immunosuppressed states.

In systemic infection the kidney(s) may show diffuse increase in 
texture with loss of corticomedullary differentiation. Renal fungus 
balls appear as round hyperechoic foci located within the pelvical-
yceal systems (Fig. 71.63). These show no acoustic shadowing or 
Doppler twinkle artefact. The main differential in the newborn is 
Tamm–Horsfall proteinuria (Fig. 71.48) although this always occurs 
in the first week of life and Candida urinary tract involvement is 
usually much later in onset. Renal fungal balls may precipitate 
urinary tract obstruction ranging from focal calyceal dilatation to 
hydronephrosis with rapid destruction of renal parenchyma. A 
combination of urine culture and ultrasound is the most reliable 
method for diagnosis of renal fungus balls. Intermittent follow-up 
renal ultrasound is usually performed until microbiological cul-
tures are clear and the fungus balls resolve with recovery of normal 
renal parenchymal echogenicity.

Other infections
Tuberculosis, hydatid disease and schistosomiasis affecting the pae-
diatric renal tract are uncommon in the West, but should always be 
considered in a child with the appropriate demographic or travel 

suffice for the diagnosis. Ultrasound is indicated in recurrent epi-
sodes of suspected lower urinary tract infection where there is 
concern for an underlying structural abnormality. Ultrasound can 
exclude bladder outlet obstruction and bladder calculi (Fig. 71.61).

Imaging protocols for UTI in children
The appropriate imaging strategy of UTI is dependent upon a 
number of factors including age at presentation, number of symp-
tomatic or culture-proven episodes, site of infection and geographic 
location of the patient. A variety of imaging algorithms exist.39,40 
These geographical variations in consensus opinion are testament 
to the fact that the pathophysiology of paediatric UTI is not com-
pletely understood and that there are fundamental differences in 
opinion on what constitutes acceptable investigation and manage-
ment. It is important that there are locally agreed guidelines in place 
for the diagnostic work-up of children with suspected and proven 
UTI. The infant and neonate with UTI should have ultrasound, 
DMSA scan and VCUG. A MAG-3 renogram is useful in assessing 
drainage of dilated ureter or collecting system. In the older child 
ultrasound of the renal tract should be the starting point of radio-
logical assessment and is usually all that is required. The acutely 
unwell child with febrile UTI or suspected APN which does not 
respond to appropriate medical therapy should undergo prompt 
renal tract ultrasound.

Atypical renal infection

Xanthogranulomatous pyelonephritis
Xanthogranulomatous pyelonephritis (XGP) is a severe, atypical 
variant of chronic pyelonephritis and is rare in children. XGP is 
characterised by the destruction of renal parenchyma and  
replacement by granulomatous tissue containing lipid-laden 
macrophages.

XGP is classified as being either focal or diffuse, the latter being 
more common in children.41 The variable extent of the inflammatory 
process into the perirenal tissues and adjacent organs results in a 
great deal of clinical variation at presentation. Presenting features 
include a chronic febrile illness, loin pain, palpable mass, malaise, 

Figure 71.61 Lower urinary tract infection: a child with typical symptoms including frequency and dysuria with positive urine cultures. 
Longitudinal sonograms of the bladder (A) and right ureter (B) showing fluid–debris levels and urothelial thickening. The ureteric dilatation 
(between callipers) was later confirmed to be grade 3 vesico-ureteric reflux.
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when bilateral the child is oliguric or anuric. Adrenal haemorrhage 
and enlargement may be seen following concomitant adrenal vein 
occlusion and is usually left-sided.

Greyscale sonographic features of RVT include
n generalised renal enlargement from congestion
n increased parenchymal echogenicity
n loss of corticomedullary differentiation
n echogenic interlobular streaking – related to calcification of 

the interlobular veins43

n cortical loss may be seen if the thrombotic episode is of 
sufficient severity and duration.

Colour Doppler imaging is useful. Absent parenchymal flow can 
be seen in either arterial or venous thrombosis; flash arterial flow 

history from endemic areas. The imaging features are similar to 
those in adults and described in Chapter 24.

Renovascular disease

Renal vein thrombosis
Renal vein thrombosis (RVT) occurs most commonly in the neonatal 
period following periods of stress such as hypovolaemia, hypoxia, 
sepsis and coagulopathy. Infants of diabetic mothers and children 
with nephrotic syndrome are at particularly high risk. Thrombus 
initially propagates in the arcuate and interlobular veins and can 
extend into the renal vein and IVC. RVT is usually unilateral but 

Figure 71.62 Xanthogranulomatous pyelonephritis (XGP). A: Longitudinal sonogram of the right kidney in a 2-year-old girl with a 
febrile illness showing an enlarged kidney with diffusely abnormal echotexture, prominent hyperechoic renal sinus and acoustic shadowing 
(*). B: Small renal calculi were present (arrow). C: High-resolution sonogram from the same study showing loss of corticomedullary 
differentiation and cortical thinning (arrowhead). D: Axial contrast-enhanced CT showing a central calculus in the enlarged non-functioning 
right kidney. A right nephrectomy was performed.
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of a cure achieved with endovascular therapy or surgery than those 
with an initial positive ultrasound.44

Hypertension in children

Hypertension forms an important part of the clinical workload of 
the paediatric nephrologist. The main causes of secondary hyper-
tension in children are summarised in Table 71.10. Secondary 
hypertension is more common in preadolescent children and tends 
to be more severe in the younger patient. Under the age of 1 year, 
aortic coarctation is the most common cause of sustained hyperten-
sion. After 1 year of age, renal disease is the most common cause 
of secondary hypertension. Complications of untreated severe 
hypertension include poor growth, cardiac failure in younger chil-
dren and acute hypertensive crises – headache, vomiting, hyperten-
sive retinopathy and convulsions.

The clinical diagnosis of hypertension can be difficult to establish, 
particularly in younger children and in the primary care setting. 
How much imaging investigation is required once the diagnosis of 
hypertension is made is dependent on several factors including:
n clinical presentation (signs, symptoms and complications of 

hypertension)
n severity of hypertension and responsiveness to medical 

therapy
n treatment compliance
n clinical index of suspicion of a remediable underlying cause.

Radiological imaging of  
secondary hypertension
A number of imaging tests are often performed prior to undertak-
ing renal arteriography in the child with suspected renovascular 
hypertension. Arteriography is the criterion standard in demon-
strating renovascular disease but owing to its highly invasive 

corresponding to peak systole is more suggestive of venous throm-
bosis; other patterns include ‘to and fro’ flow. These correspond to 
absent spectral flow, absent diastolic flow or reversed diastolic flow 
respectively (Fig. 71.64). The latter appearances are non-specific and 
can be seen in neonatal RVT or acute tubular necrosis. An occluded 
proximal IVC may give similar Doppler waveforms in both kidneys 
and does not necessarily indicate bilateral renal vein thrombosis.

Renal artery thrombosis
Renal arterial thrombosis in native kidneys is rare and usually seen 
in neonates as a complication of an aortic arterial line or umbilical 
arterial catheterisation (Fig. 71.65). Thrombus may propagate in the 
aorta, main renal artery or a smaller branch and like renal vein 
thrombus present as an echogenic luminal filling defect. Acutely 
affected areas show wedge-shaped hypoechoic parenchyma and 
corresponding absent Doppler flow with normal renal size. Com-
plications depend upon the degree and duration of thrombosis and 
range from renal scarring to a non-functioning kidney.

Renal artery stenosis
Most cases of renal artery stenosis (RAS) in children are due to 
fibromuscular dysplasia; other causes are summarised in Table 
71.10 (Hypertension in children, Aortic and renovascular disease 
section). A size discrepancy may be noted in unilateral RAS, with 
the affected kidney being smaller (difference of >1.5 cm).

Doppler Ultrasound in RAS may reveal slowing and dampening 
of the systolic waveform distal to the stenosis; the so-called parvus-
tardus appearance. Many pitfalls hinder the utility of Doppler ultra-
sound. Non-compliant downstream vessels may not display the 
parvus-tardus response. The finding of bilateral renal artery  
parvus-tardus waveform may indicate a proximal aortic obstruc-
tion such as coarctation rather than bilateral renal artery disease. 
Doppler findings even if suggestive of proximal flow obstruction 
are often insufficient to rule out the need for angiography. The 
sensitivity of Doppler ultrasound in detecting treatable renovascu-
lar disease is poor. In a prospective study of children with suspected 
renovascular hypertension undergoing Doppler ultrasound and 
angiography, those with an initial negative Doppler US study but 
subsequent positive renal angiogram had a much higher likelihood 

Figure 71.63 Renal Candida. Longitudinal sonogram of the left 
kidney in a 3-day-old neonate with systemic sepsis demonstrating 
multiple echogenic fungal balls (arrowheads) within a non-
obstructing collecting system These were seen to be mobile. Urine 
culture and follow-up scan were normal 10 days after commencing 
antifungal therapy.

Table 71.10 Hypertension in children

Aortic and 
renovascular disease

Coarctation of the aorta (commonest 
cause under 1 year of age)
Renal artery stenosis
Fibromuscular hyperplasia/dysplasia
Neurofibromatosis
Ostial stenosis
Williams syndrome
Vasculitides (Takayasu disease, 
Kawasaki disease, polyarteritis 
nodosa)
Homocysteinuria
Mid-aortic syndrome
Vascular trauma

Non-vascular renal 
disease (most 
common cause of 
secondary 
hypertension over 1 
year of age)

Renal parenchymal disease
Renal pelvic dilatation
Renal cystic disease
Renal tumour
Renal transplantation (renal artery 
thrombosis, anastomotic stenosis, 
anti-rejection therapy – ciclosporin 
and corticosteroids)

Adrenal disease Phaeochromocytoma
Adrenal cortical adenoma
Neuroblastoma
Adrenal carcinoma
Congenital adrenal hyperplasia
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examination owing to restlessness. A meticulous examination of the 
urinary tract should initially be performed. The scan should con-
centrate on:

n documenting renal lengths and the presence of scarring
n evaluating the renal parenchyma
n looking for urinary tract anomalies 

(hydroureteronephrosis)

nature other less specific tests are performed and only a small 
number of children will undergo angiography.

Renal tract ultrasound

Doppler ultrasound of the renal tract and abdomen is often 
requested as the first-line investigation. Younger children are much 
less likely to be compliant with the demands of a detailed Doppler 

Figure 71.64 Renal vein thrombosis (RVT). A: Transverse image of a neonate at the level of the renal veins. Only the left renal vein was 
visualised (arrow). The right kidney was enlarged. B: Colour Doppler trace showing reversed diastolic flow. Whilst this finding may be 
described as sensitive for acute RVT it is by no means specific and can be seen in various conditions including acute tubular necrosis and 
a patent ductus arteriosus. C: Follow-up colour Doppler trace shows the more characteristic finding of a ‘w’ or ‘inverted m’ pattern of 
biphasic reversed diastolic flow in RVT.
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Figure 71.66 Renal trauma: 5-year-old boy 1 day following a fairly innocuous fall complaining of marked flank tenderness and presenting 
with fever. A: Contrast-enhanced CT scan showing complete disruption of the mid and upper poles of the right kidney (arrow) and large 
retroperitoneal haematoma and laceration (arrowhead). B: Longitudinal sonogram showing complete loss of normal architecture of the 
upper and mid pole of the right kidney (between callipers). Active bleeding necessitated embolisation. Renal biopsy performed at the same 
time confirmed Wilms’ tumour.

A B

The Doppler examination should concentrate on evaluating:
n the main and intrarenal vasculature for aneurysm formation 

or post-stenotic dilatation
n the abdominal aorta.

Renal trauma

Most renal trauma in children results from blunt injury. An appro-
priate clinical history and the presence of macroscopic haematuria 
should alert the clinician to the diagnosis. The paediatric kidney  

n looking for abdomino-pelvic masses (Wilms’ tumour or 
adrenal tumours)

n assessing the calibre of the aorta (aortic coarctation or 
mid-aortic syndrome).

Older children are usually able to cooperate with a thorough 
Doppler examination. If possible this should also be performed  
in younger children at the end of the study although it is often  
as unrewarding as it is time-consuming. Time is better spent  
performing a thorough baseline examination of the abdomen  
and pelvis.

Figure 71.65 Renal artery thrombosis. A: Longitudinal sonogram in a hypertensive premature neonate with renal impairment. Aortic 
thrombus is demonstrated at the level of the origin of the renal arteries (between callipers) following umbilical arterial catheterisation.  
B: Doppler sonogram of the left kidney shows focal hypoperfusion to the lower pole.
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Figure 71.67 Renal trauma follow-up. A: Transverse colour Doppler sonogram of the right kidney showing a fluid debris level within a 
urinoma (between callipers). A retrograde JJ ureteric stent was required to effect drainage. B: Colour Doppler longitudinal sonogram 
showing post-traumatic pseudo-aneurysm (arrowhead); this was hypoechoic on greyscale imaging. This was treated with selective 
angiographic coiling.

A B

is vulnerable to injury due to its relatively large size, poorly devel-
oped surrounding thoraco-abdominal wall and lack of perirenal 
fascia. Minor trauma may provoke significant renal injury in an 
already diseased kidney; examples include massive hydrone-
phrosis, renal tumour (Fig. 71.66) or enlarged polycystic kidney 
(Fig. 71.41).

Contrast-enhanced multi-detector CT without oral contrast is the 
imaging technique of choice for staging post-traumatic abdominal 
injuries. CT is an effective, non-invasive method of accurately 
assessing the extent of renal injury in children who have sustained 
trauma45 and also provides useful functional infor mation concerning 
renal excretion and urine extravasation. Frequent limitations of 
ultrasound in the acute setting include the presence of dressings, 
local tenderness, suboptimal breath-holding and ileus. Imaging 
should only be undertaken in the haemodynamically stable patient 
and should not delay urgent treatment.

The main role of ultrasound is in the serial follow-up of stable 
renal injuries including laceration and subcapsular and retroperito-
neal haematomas. Ultrasound is also suitable for detecting specific 
complications such as urinoma (Fig. 71.67A) or pseudo-aneurysm 
formation (Fig. 71.67B) and arteriovenous malformation (AVM).

Renal tract malignancy

A palpable abdominal mass in the first year of life is usually renal 
in origin. Common causes include congenital abnormalities such as 
hydronephrotic kidney or multicystic dysplastic kidney. Only a 
small proportion of renal masses are due to tumour. Whenever an 
abdominal or flank mass is clinically suspected in a child, of any 
age, ultrasound including colour Doppler should be the initial 
imaging modality of choice to evaluate the underlying cause.

Wilms’ tumour
Wilms’ tumour is one of the most common malignancies in  
children, and the most common solid renal neoplasm in childhood, 
accounting for over 90% of renal tumours in this age group.  
Presenting features include a mass, fever, haematuria and 

hypertension. Most will present between the ages of 3 and 5 years. 
Wilms’ tumour is unilateral in over 90% of affected children. Bilat-
eral synchronous nephroblastomas are observed in around 5% of 
affected children and are usually associated with the presence of 
nephrogenic rests and congenital anomalies such as horseshoe 
kidney (Fig. 71.20C). A number of associated conditions include 
predisposing overgrowth syndromes (Beckwith–Wiedemann, 
Simpson–Golabi–Behmel, Perlman) and non-overgrowth syn-
dromes (familial Wilms’, WAGR syndrome, aniridia, Denys–Drash 
syndrome, Fraser syndrome).46

In the vast majority of patients, ultrasound will confirm the renal 
origin of an intra-abdominal tumour and forms an essential part of 
the local staging of tumour. The staging of Wilms’ tumour is sum-
marised in Table 71.11. Intrarenal tumours tend to distort renal 
architecture and may show a claw of compressed surrounding  
renal parenchyma (Fig. 71.68). Extrarenal lesions such adrenal 
neuroblastomas (see Fig. 71.78) tend to infiltrate, displace and 
efface the kidney. Wilms’ tumour usually distorts and displaces  
the pelvicalyceal system. Wilms’ tumours are typically large at 

Table 71.11 Staging of Wilms’ tumour (reproduced with 
permission from Cohen49)

Stage

I Tumour is confined by the renal capsule with no 
vascular invasion and is completely excised

II Tumour has spread beyond the capsule or with 
vascular infiltration, but is completely excised

III Positive abdominopelvic lymph nodes, tumour spill at 
operation, peritoneal invasion, unresectable tumour 
or incomplete tumour resection

IV Distant metastases beyond the abdomen and pelvis 
(lung, liver, bone, brain, nodal)

V Bilateral renal involvement at presentation
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the patency of the renal veins and IVC.48 Tumour may rarely grow 
directly into the liver.

Enlarged retroperitoneal lymph nodes (Fig. 71.70) might be 
found although these are more usual in neuroblastoma. Retrocrural 
adenopathy is specific for neuroblastoma. Ultrasound is unable to 
differentiate between tumour and reactive lymphadenopathy.

Wilms’ tumour metastasises predominantly to the lung (in about 
10% of patients at diagnosis), the liver (around 2%), and very rarely 
to other sites. Screening of the liver should be performed to exclude 
liver metastasis. When examining the abdomen, a thorough exami-
nation of the contralateral kidney is necessary. If bilateral tumours 
are found each kidney should be locally staged separately but 
overall staging is stage V.49 Histology is divided into favourable 
(90%) or unfavourable if anaplastic elements are present.

In all cases, additional cross-sectional imaging will be required 
for staging purposes. CT or MRI is performed for local staging with 
a chest X-ray or CT of the thorax to assess lungs.

In Europe, the International Society of Paediatric Oncology 
(SIOP) treatment protocol is based on chemotherapy followed by 
surgery to prevent the risk of perioperative tumour rupture. 
Imaging (ultrasound, CT and MRI), clinical history and examina-
tion will help predict whether the findings are consistent with 
Wilms’ tumour. Preoperative chemotherapy can then be started 
without the need for biopsy or histological confirmation.

In the United Kingdom preoperative image-guided biopsy is 
advised to help identify the small group of patients who, despite 
typical imaging features of Wilms’ tumour, have other forms of 
renal neoplasia (discussed below) that require alternative 
management.50

In North America the National Wilms’ Tumor Study group treat-
ment protocol mandates early tumour resection unless there is  
evidence of tumour thrombus, massive tumour or evidence  
of extracapsular spread. In these higher risk cases preoperative 
neoadjuvant chemotherapy is given.

Regular ultrasound surveillance for 3 years after therapy is con-
sidered to reveal most abdominal recurrences.51 The SIOP protocol 
recommends only abdominal US surveillance, although other 
examinations such as CT or MRI are clinically indicated and under-
taken in the initial post-surgical follow-up.

Wilms’ tumour screening

Sonographic surveillance should be offered to children identified 
as being at greater than 5% risk of Wilms’ tumour following review 
by a clinical geneticist. Ultrasound should be performed every  

Figure 71.68 Wilms’ tumour. Longitudinal greyscale (A) and Doppler sonogram (B) showing a pseudocapsule (arrows) formed by a large 
heterogeneous tumour (between callipers). Anechoic areas are caused by a combination of haemorrhage, cysts or necrosis.

A B

Table 71.12 Comparative features of Wilms’ tumour and 
adrenal neuroblastoma

Feature Wilms’ tumour Neuroblastoma

Age of presentation 2–5 years <2 years
Organ of origin Kidney(s) Neural crest 

tissue (usually 
retroperitoneal)

Laterality 5–10% 85–95%
Calcifications 5–10% 85–95%
Mass effect Intrarenal (claw 

sign)
Extrinsic 
compression

Local invasion Displaces renal 
vessels
Direct extension 
into renal vein, IVC 
and potentially the 
right atrium

Encases and 
displaces vessels
Neural foramen 
extension

Common sites of 
metastases

Lung Bone

presentation. Right-sided tumours can compress the inferior vena 
cava and left-sided tumours displace the abdominal aorta. The com-
parative sonographic findings in Wilms’ tumour and abdominal 
neuroblastoma are summarised in Table 71.12.

The echotexture of Wilms’ tumour is heterogeneous with solid 
areas interspersed with hypoechoic and anechoic areas caused by 
haemorrhage, cysts or necrosis (Fig. 71.68). Internal calcifications 
are uncommon. Tumour margins are usually smooth and well 
defined as a result of pseudocapsule formation.

Tumour can spread locally by breaching the renal capsule. Micro-
scopic breach cannot be detected on imaging. The outline of the 
tumour capsule should be carefully assessed to look for possible 
rupture. Ancillary features of direct local spread include free 
abdominal fluid and remote abdominal masses. Suspected invasion 
of adjacent local organs can be excluded by independent movement 
of the tumour with breathing.

Contiguous growth of tumour into the renal vein and IVC is seen 
in 4–10% of patients, but rarely into the heart47 (Fig. 71.69). Colour 
Doppler ultrasound sonography is the best modality to determine 
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Figure 71.69 Wilms’ tumour thrombus. A–D: 2-year-old boy with a large, unilateral, left renal intracapsular Wilms’ tumour. A: Colour 
Doppler sonography showing absent flow in the right renal vein. B, C: Longitudinal and transverse ultrasound of the IVC showing non-
occlusive tumour thrombus (arrowheads). D: Axial contrast-enhanced CT showing filling defect consistent with tumour thrombus within the 
IVC (arrow). Note that the heterogeneous left renal tumour is displacing but not encasing the adjacent aorta and IVC. E: Axial contrast-
enhanced CT in another patient showing tumour thrombus occupying the right atrium (arrow). One of the most critical roles of ultrasound 
in imaging Wilms’ tumour is in the detection of tumour extension into the renal vein, IVC and right atrium.
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Congenital mesoblastic nephroma
This is the most common solid renal tumour in newborns. Tumour 
typically presents as a large, solid, abdominal mass. On ultrasound 
tumour mass is hypoechoic relative to normal renal parenchyma. 
Most tumours are locally invasive for which treatment involves 
nephrectomy.54 Metastases are rare. Follow-up imaging is required 
to look for local recurrence.

Lymphoma and leukaemia
Ultrasound of the abdomen should be performed in all children 
presenting with lymphoma or leukaemia prior to the commence-
ment of therapy.

The kidneys contain no lymphoid tissue. Primary lymphoma of 
the kidneys is rare. Lymphomatous infiltration of both kidneys is 
not uncommon and is usually associated with disease elsewhere. 
Most cases are non-Hodgkin’s lymphoma – Burkitt’s type. Abdomi-
nal ultrasound is useful in evaluating the size and involvement of 
the solid abdominal viscera and for lymphadenopathy. Cross- 
sectional imaging such as CT or PET-CT is required for definitive 
staging and follow-up. Ultrasound in renal lymphoma typically 
demonstrates markedly enlarged kidneys with hypoechoic areas 
corresponding to foci of cellular infiltrates (Fig. 71.72).

Leukaemic infiltration of the kidneys may also cause bilateral 
diffuse renal enlargement. This is more commonly seen in acute 
lymphoblastic leukaemia. On ultrasound the kidneys are hypere-
choic, with loss of corticomedullary differentiation with affected 
areas showing mottled texture which can distort normal calyceal 
architecture.

Angiomyolipoma
Up to 80% of children with tuberous sclerosis are predisposed to 
develop angiomyolipomata during their lifetime. Angiomyol-
ipomata are also rarely associated with neurofibromatosis and von 
Hippel–Lindau syndrome. Angiomyolipomata are considered to be 
benign tumours or hamartomas which increase in size and number 
with advancing age. They consist of varying quantities of adipose 
tissue, blood vessels and smooth muscle. The lesions are cortically 
based and on ultrasound are recognisable as hyperechoic foci by 
virtue of their fatty content (Fig. 71.44). Masses near the normally 
fatty renal sinus may therefore be missed. Symptoms are dependent 

3 months until 5 years of age. In certain conditions (Beckwith–
Wiedemann syndrome, aniridia, Simpson–Golabi–Behmel syn-
drome and specific familial Wilms’ pedigrees) surveillance should 
continue until 7 years.52

Nephroblastomatosis
Nephroblastomatosis is characterised by persisting metanephric 
blastemal rests and represents a premalignant precursor reported 
in around 30–40% cases of unilateral and almost all cases of bilateral 
Wilms’ tumour. Nephroblastomatosis manifests as either diffuse or 
multifocal disease.53 Disease involvement may be perilobar (PL), 
intralobar (IL), combined (PL and IL) or universal. The affected 
portions of the kidneys are typically enlarged. The ultrasound 
appearances are highly variable and include well-defined hypoe-
choic, isoechoic or hyperechoic nephrogenic foci which may be 
multiple. Contrast-enhanced CT or MRI is often more helpful in 
characterising a macroscopic lesion identified on initial ultrasound 
(Fig. 71.71).

Figure 71.70 Wilms’ tumour. Transverse Doppler sonogram 
demonstrating para-aortic adenopathy (between callipers).  
IVC, inferior vena cava; AO, aorta.

Figure 71.71 Nephroblastomatosis. A: Longitudinal sonogram demonstrating marked enlargement of the right kidney resulting from 
diffuse, homogeneous subcapsular nephroblastomatosis. B: Axial contrast-enhanced CT of the abdomen at the level of the kidneys 
showing a very large burden of nephroblastomatosis in both kidneys compressing the normal enhancing renal parenchyma. (Images 
courtesy of Andrew B. Rickett FRCR, University Hospitals of Leicester, Leicester, UK.)
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Urinary tract rhabdomyosarcoma
The genitourinary tract is a common site for paediatric rhabdomy-
osarcoma. Tumour may arise from the urinary bladder wall, pros-
tate gland (Fig. 71.74) or genital tract (see Fig. 72.27). Urinary 
outflow obstruction is a common presenting symptom in prostatic 
or bladder rhabdomyosarcoma. The appearances range from a solid 
echogenic tumour to one with marked internal necrosis. MRI is 
particularly useful in local staging and in assessing for nodal and 
distant hepatic or bony metastases.

Enuresis

Enuresis is defined as recurrent episodes of uncontrolled spontane-
ous voiding of urine in a child 5 years or older. Nocturnal enuresis 
is common and the diagnostic yield of radiological investigations 
is often disappointing, but ultrasound of the renal tract should still 
be considered useful. Diurnal enuresis is less common and more 
likely to have an underlying cause.

Ultrasound is helpful in:
n demonstrating a major structural urinary tract abnormality
n providing reassurance in normal studies
n predicting patients with bladder dysfunction who are unlikely 

to respond to medical or cognitive therapy and who will 
benefit from further urodynamic investigation.

Bladder wall thickness, pre- and post-micturition bladder 
volumes should be assessed. Ultrasound has been shown to have a 
high predictive value when using urinary bladder measurements 
(volume and wall thickness indices) to identify abnormal bladder 
function in children with enuresis or urinary tract infection.58

on lesion size; those smaller than 4 cm are usually asymptomatic. 
Larger lesions are at risk of acute and occasionally severe haemor-
rhage. Patients present with acute loin pain, shock and anaemia. 
Management of symptomatic lesions ideally should be conservative 
and nephron sparing. Catheter embolisation is a favourable alterna-
tive to partial nephrectomy.55

Clear cell sarcoma
This accounts for approximately 4% of paediatric renal neoplasms. 
Many of the clinical features are similar to those of Wilms’ tumour. 
The ultrasound and cross-sectional imaging features are also indis-
tinguishable (Fig. 71.73). Bilateral disease has not been reported.56 
Metastatic disease is common although unlike Wilms’ tumour bony 
metastases are frequent.

Renal cell carcinoma
This tumour is rare and usually only seen in the older child with 
von Hippel–Lindau syndrome. The imaging features are similar to 
those seen in adults ranging from a complex cyst to a solid mass 
with areas of fat, haemorrhage, necrosis and calcification.

Rhabdoid tumour
Rhabdoid tumour is a rare aggressive malignant neoplasm of child-
hood accounting for 2–3% of solid renal tumours. The prognosis is 
poor as tumour typically metastasises before presentation. Recog-
nised associations include hypercalcaemia and primary or meta-
static central nervous neoplasms.57 Tumour typically arises centrally 
from the renal hilum. In most cases the imaging features are indis-
tinguishable from Wilms’ tumour.

Figure 71.72 Lymphoproliferative disease. A: Longitudinal sonogram in a teenage boy with widespread lymphadenopathy and B-cell 
symptoms showing renal enlargement. B: Coronal reformatted image from a contrast-enhanced CT scan of the abdomen performed 
shortly afterwards, showing multiple hypo-attenuating foci of disease (arrow). The disease burden is greater in the right kidney (arrowhead). 
The spleen is also enlarged.
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Figure 71.74 Prostatic rhabdomyosarcoma: teenage boy presenting with obstructive uropathy following blunt perineal trauma. A: Dual 
screen image of the pelvis showing diffuse enlargement of the prostate gland (between callipers). B: Follow-up sagittal T2-weighted MR 
scan showing a very large prostatic mass lesion (arrow) displacing the collapsed urinary bladder superiorly (arrowhead). The tumour arising 
from the prostate gland had breached its capsule anteriorly.

A B

Figure 71.73 Clear cell sarcoma. Longitudinal ultrasound (A) and axial contrast-enhanced CT scan (B) showing a large heterogeneous 
necrotic tumour mass arising from within the right kidney. This is indistinguishable from many other tumours including Wilms’ tumour.
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In the acute setting the adrenal gland is enlarged by heterogene-
ously hyperechoic and isoechoic blood. Over time there is clot lysis 
resulting in a complex cystic mass which eventually involutes. 
Residual dystrophic calcifications may be seen. Follow-up ultra-
sound is recommended. If these temporal changes in appearance 
are not demonstrated then alternative diagnoses such neuroblast-
oma, duplex upper renal moiety and adrenal cyst should be con-
sidered together with intra-abdominal pulmonary sequestration 
and gastric duplication cyst if the lesion is on the left.

Congenital adrenal hyperplasia

This is also referred to as adrenogenital syndrome and is discussed 
in Chapter 72 (Fig. 72.11).

Adrenal abscess

Adrenal abscess is part of the differential diagnosis of a complex 
suprarenal mass but is extremely rare in children. This can compli-
cate an adrenal haemorrhage or result from systemic infection.

Adrenal cysts

A suprarenal cyst in a neonate often relates to a resolving adrenal 
bleed. In children of all ages an obstructed upper moiety of a duplex 
kidney should be considered. True adrenal cysts are extremely rare 
in children but can be seen in Beckwith–Wiedemann syndrome (Fig. 
71.77) or metastases. Cystic neuroblastoma is an unusual variant of 
neuroblastoma and is also rare.

Neuroblastoma

Neuroblastoma is the third most common paediatric tumour after 
central nervous system and haematological malignancies. Neurob-
lastoma is an embryonal tumour derived from neural crest tissue 
and may develop anywhere along the sympathetic chain or within 
the adrenal medulla. Common sites of origin include the adrenal 
gland, retroperitoneum and posterior mediastinum.

Prognosis and treatment are dependent upon age, clinical stage 
(Table 71.13), site of primary and tumour biology. Most children 

ADRENAL GLAND

Embryology

The adrenal glands are paired retroperitoneal organs located at the 
anteromedial aspect of the upper pole of each kidney. The fetal 
adrenal cortex is derived from mesoderm whilst the medulla origi-
nates from neuroectoderm. The fetal adrenal gland forms when the 
cortex envelops the medulla.

Imaging anatomy

The adrenal glands are relatively large in utero and are approxi-
mately 20 times their relative adult size at birth. The adrenals are 
well seen by ultrasound from birth until around one month of age 
when the fetal adrenal cortex rapidly involutes to leave the perma-
nent cortex, at which time the gland attains adult-like proportions 
and morphology. The adrenals are typically V- or Y-shaped and 
show a characteristic hypoechoic cortex and hyperechoic medulla 
(Fig. 71.75). The adrenal gland may appear elongated in ipsilateral 
renal agenesis or ectopia (Fig. 71.17).

Adrenal haemorrhage

Adrenal haemorrhage more commonly occurs during periods of 
physiological stress such as hypoxia resulting in adrenal ischaemia 
and haemorrhagic infarction but can occasionally be seen in bleed-
ing disorders (Figs 71.5A and 71.76). Most cases occur during deliv-
ery or shortly after birth but may rarely occur in utero. Approximately 
10% of cases are bilateral. Clinical presentations include:

n Palpable abdominal mass – isolated adrenal haemorrhage 
results in a suprarenal mass. Renal vein thrombosis and 
adrenal haemorrhage may coexist resulting in adrenal and 
renal enlargement.

n Anaemia from bleeding.
n Hypotension and adrenal insufficiency are an unusual 

complication of bilateral adrenal haemorrhage.
n Jaundice.

Figure 71.75 The normal adrenal gland. Longitudinal sonogram 
in a newborn term infant showing a normal prominent neonatal 
adrenal gland with echo-bright medulla and hypoechoic cortex.

Figure 71.76 Adrenal haemorrhage. Longitudinal sonogram in a 
neonate with recent adrenal haemorrhage seen as a suprarenal 
cystic lesion (arrowheads). The two limbs of the adrenal gland were 
preserved in this example (arrows). This resolved on follow-up 
scans.
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Table 71.13 Staging of neuroblastoma. International 
Neuroblastoma Staging System (INSS) (reproduced with 
permission from59)

Stage 1 Localized tumour confined to the organ of 
origin; complete gross resection with or 
without microscopic residual tumour; 
ipsilateral and contralateral lymph nodes 
are microscopically negative

Stage 2A Localized tumour with incomplete gross 
resection; ipsilateral and contralateral 
lymph nodes are microscopically negative

Stage 2B Unilateral tumour with or without 
complete gross resection; ipsilateral 
lymph nodes are positive; contralateral 
lymph nodes are microscopically negative

Stage 3 Tumour crosses the midline with or 
without regional lymph node involvement, 
unilateral tumour associated with positive 
contralateral lymph nodes, or a midline 
tumour with positive bilateral locoregional 
lymph nodes

Stage 4 Distant metastases (liver, bone marrow, 
distant lymph nodes and other organs)

Stage 4S (occurs  
in infants)

Localized tumour that does not cross 
midline but with metastatic disease 
– confined to the liver, skin, and bone 
marrow (<10% tumour cells in bone 
marrow)

Figure 71.78 Intra-abdominal neuroblastoma. A: Longitudinal Doppler sonogram showing a large heterogeneous suprarenal mass 
lesion with poor vascularity intimately related to the upper pole of the right kidney. B: Axial contrast-enhanced CT image showing tumour 
effacing a small rim of enhancing lower renal pole parenchyma (white arrowhead). Typical features of neuroblastoma include calcifications; 
and encasement and displacement of adjacent vessels. In this case the inferior vena cava is encased (black arrowhead). Direct invasion of 
the kidney is an unusual finding.

A B

Figure 71.77 Adrenal cysts in Beckwith–Wiedemann 
syndrome. Longitudinal sonogram of the left kidney and adrenal 
gland. Bilateral small adrenal cysts (arrows) were demonstrated in 
this child undergoing routine surveillance sonography.

present by 4 years of age (median 2 years); many of these have 
high-risk disease with an unfavourable outcome. Patients with low- 
to intermediate-risk disease usually have an excellent prognosis. 
Younger children with extra-abdominal disease have a better prog-
nosis; this includes antenatally detected and neonatal neuroblast-
oma. Neonates with metastases limited to the liver, skin or bone 
marrow referred to as stage 4S also tend to have a favourable 
course.

The main differential is Wilms’ tumour. The comparative features 
between neuroblastoma and Wilms’ tumour are summarised in 
Table 71.12. Ultrasound is an effective screening tool to assess gross 
local disease. The echotexture of tumour is variable, reflecting the 
histological findings of necrosis, haemorrhage, solid tumour and 

calcifications (Fig. 71.78). In neuroblastoma tumour tends to dis-
place rather than invade the kidney, whilst the vessels are typically 
encased and displaced. Local nodal involvement and intraspinal 
extension are difficult to quantify on ultrasound, and cross-sectional 
imaging (either MRI or CT) is necessary for complete locoregional 
staging. 99mTc MDP bone scan and 123I MIBG scintigraphy, bone 
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Role of ultrasound in imaging nephrogenic and retroperitoneal 
masses

Ultrasound is the initial diagnostic imaging modality of choice in 
evaluating a suspected renal mass. Ultrasound should concentrate 
on:
• the organ of origin, local disease extent and the contralateral 

kidney
• adenopathy
• calcifications
• renal vessels – to look for tumour thrombus and vascular 

encasement
• liver metastases.
Staging normally requires CT or MRI.

marrow aspirates and local biopsy are also required for staging and 
risk stratification.

Ganglioneuroblastoma and ganglioneuroma

Ganglioneuroma is a well-differentiated form of neural crest tumour 
and is often detected incidentally on an ultrasound or chest X-ray. 
Ganglioneuroblastoma is an intermediate form with imaging fea-
tures of both neuroblastoma and ganglioneuroma. Ultrasound 
usually reveals a well-defined solid mass. Calcifications are not 
uncommon. Management includes complete excision with radio-
logical follow-up.

Other tumours

Adrenocortical carcinoma, phaeochromocytoma and Conn’s 
adenoma are rare pathologies in children. Their clinical and radio-
logical features are similar to those of adults and are discussed in 
the adult adrenal chapter (Chapter 33).
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UTERUS AND OVARIES

Ultrasound is the imaging technique of choice in the initial assess-
ment and follow-up of a variety of symptoms and pathologies 
relating to the female paediatric pelvis. These include: disorders  
of sexual differentiation (formerly known as intersex), disorders  
of sexual maturation (precocious puberty and pubertal delay),  
menstrual dysfunction, pelvic mass lesion, pelvic pain and  
vaginal discharge.

Evaluation of the developmental status of the uterus and ovaries 
from the neonatal period through to puberty, menarche and estab-
lishment of regular ovulatory menstrual cycles forms the bulk of 
the paediatric gynaecological ultrasound workload for an imaging 
department. Effective pelvic ultrasound in girls requires a good 
understanding of the normal sonographic anatomy, applied physi-
ology, endocrinology and embryology of the developing genitalia. 
As the embryologies of the renal and gynaecological tracts are 

intertwined and the adrenal gland mediates sexual differentiation, 
the renal tract and adrenal glands should always be routinely 
assessed in the appropriate clinical setting.

Embryology

Normal development of the ovaries
Genetic sex is determined at fertilisation. The principal sex organ 
(gonad) in the female is the ovary. Prior to 7 weeks gestation the 
gonads are identical in both sexes and termed ‘indifferent gonads’. 
Female gonadal development is dependent upon the presence of 
germ cells, a paternal X chromosome and crucially the absence of a 
male SRY protein. The ovaries play no significant role in female 
sexual differentiation or in the development of the uterus, vagina 
and external female genitalia.
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Ovarian tissue arises from germinal epithelium covering the uro-
genital ridge, mesenchymal cells of the urogenital ridge and germ 
cells derived from the yolk sac. Gonadal differentiation occurs in 
the second month of fetal life when germ cells from the yolk sac 
proliferate and differentiate under the influence of placental gona-
dotrophins. Germ cells migrating to the urogenital ridge undergo 
a series of mitotic divisions differentiating into several million 
oogonia. Each oogonium is derived from a primordial germ cell 
surrounded by flattened squamous granulosa cells arising from 
germinal epithelium. A proportion of the oogonia at the genital 
ridges enter the first phase of meiosis and become dormant (meiotic 
arrest). First meiosis does not commence until the onset of 
ovulation.

By 16 to 20 weeks, primordial follicles begin to organise within 
the fetal ovarian cortex, consisting of an immature or primary 
oocyte surrounded by a single layer of flattened support cells. The 
follicle is subsequently enveloped by the mesenchyme arising from 
the urogenital ridge.

By birth only around a million primordial follicles remain and by 
menarche less than half that number. Follicles undergo varying 
rates of maturation and involution during life. The vast majority 
remain quiescent and eventually involute. The remainder can be 
dormant for several decades.

Normal development of the uterus, vagina and 
fallopian tubes
In a normal female two paired Müllerian ducts ultimately develop 
into the structures of the female reproductive tract including the 
upper two-thirds of the vagina, the cervix, uterus and both fallopian 
tubes (Fig. 72.1). The lower one third of the vagina and the ovaries 
have separate embryological origin. The principal developmental 
processes occurring in female sexual differentiation are:

Müllerian organogenesis

The paired Müllerian  ducts (paramesonephric) originate in embry-
onal mesoderm lateral to each Wolffian duct (mesonephric duct) 
(Fig. 72.2). Both ducts grow in caudal and medial directions. The 
most cephalad portions of the ducts remain separate and form the 
fallopian tubes.

Figure 72.1 Normal development of the female genital tract. Ventral view (A) and lateral view (B) showing the development of the 
fallopian tubes, uterus and upper vagina from the paired paramesonephric (Müllerian) ducts. The lower vagina develops from the urogenital 
sinus. The hymen develops from the posterior wall of the urogenital sinus at the sinus tubercle. (Reproduced with permission from Moore 
KL, Persaud TVN. The Developing Human. Clinically Oriented Embryology, 6th Edition. Philadelphia: WB Saunders; 1998.)
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Figure 72.2 A: Schematic diagram showing the fully developed 
female reproductive tract including vestigial structures. B: Lateral 
view showing the position of the ovary prior to its descent towards 
the pelvis. (Reproduced with permission from Moore KL, Persaud 
TVN. The Developing Human. Clinically Oriented Embryology, 6th 
Edition. Philadelphia: WB Saunders, 1998.)
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Normal female endocrine development 
(birth to puberty)

Puberty is the normal developmental process associated with the 
appearance of both primary and secondary sexual characteristics 
and occurs between the ages of 8 and 15 years in girls.

The hypothalamic-pituitary-gonadal axis is functional in the 
normal fetus. Following birth, the levels of gonadotrophins (leu-
teinising hormone, LH, and follicle-stimulating hormone, FSH) and 
sex hormones are similar to those seen in adults. These levels 
reduce in the first few months after birth. Pulsed gonadotrophin-
releasing hormone (GnRH) secretion reduces in amplitude thereaf-
ter during childhood. A variety of mechanisms suppress the onset 
of puberty including central neural suppression of GnRH secretion 
and hormonal feedback.

The onset of puberty is triggered by the release of pulses of GnRH 
from the hypothalamus. Pulsatile GnRH secretion from the hypoth-
alamus increases in amplitude and frequency just prior to puberty. 
GnRH secretion progresses to nocturnal secretion and eventually 
circadian 24-hour secretion is established. The initial hormonal 
induction of puberty is predominantly LH dependent. There is a 
nocturnal rise in LH pulsatility and the amplitude of LH secretion 
gradually increases corresponding in oestrogen production suffi-
cient to induce breast development. The trigger for puberty comes 
from higher centres and is partially under neural control. This 
process is complex, multifactorial and incompletely understood.

Thelarche is usually the first clinically recognisable stage of 
puberty and typically occurs between 10 and 12 years of age and is 
characterised by the appearance of a ‘breast bud’ (Tanner stage 2). 
During this period the uterus grows and develops into its adult 
pear-shaped configuration. This is usually followed by adrenarche 
and the appearance of pubic hair as a result of adrenal and gonadal 
androgen secretion. Approximately 2 years prior to the onset of 
clinically apparent puberty, hormonal activity increases in the 
adrenal gland. This corresponds with maturation of the adrenal 
cortex and is independent of the hypothalamic-pituitary-ovarian 
axis. It is during adrenarche that the ovaries mature and enlarge. 
In response to nocturnal gonadotrophin pulsatility, the ovaries 
develop multicystic morphology (also interchangeably referred to 
as multifollicular).1 The ovary contains more than six follicles 
4 mm in diameter, or greater. This morphology is distinct from 
polycystic ovarian (PCO) appearance.2 The multicystic ovarian 
appearance is a marker for the presence of pulsatile nocturnal  
gonadotrophin secretion. Adrenarche may arise independently  
of puberty.

The latter stages of puberty include a growth spurt, gonadarche 
(pubertal hypothalamic-pituitary-gonadal axis reactivation) and 
menarche. Menarche is the onset of menstrual bleeding and does 
not occur until Tanner breast stage 4 or 5.

Normal pubertal development is a dynamic sequential process. 
If onset of puberty is either too early (precocious puberty), too late 
(delayed puberty), out of sequence or does not occur at all then 
pubertal dysfunction is present.

Imaging technique

A full urinary bladder is required to serve as an acoustic window 
for transabdominal imaging of the pelvis. Optimal distension 
allows for sufficient displacement of gaseous pelvic bowel loops 
and visualisation of the uterus and ovaries.

The neonatal pelvis is particularly suited to transabdominal 
examination given the paucity of fat. Dedicated high-frequency 
(6–9 MHz), small footprint curvilinear probes are widely available 
commercially and capable of producing high-resolution images. 
The uterus and ovaries are more readily visualised in the early 
neonatal period whilst under the influence of maternal and placen-
tal hormones. Neonates should be examined in a warm room, pref-
erably shortly after a feed. The urinary bladder should be assessed 

Lateral and vertical fusion

Lateral fusion (7–9 weeks gestation) occurs when the lower seg-
ments of the Müllerian ducts fuse. Vertical fusion (around 8 weeks 
gestation) occurs when the lower Müllerian system fuses with the 
ascending endodermal sinovaginal bulb and the lower third of the 
vagina is formed and canalises. The sinovaginal bulb inserts into 
the urogenital sinus at Müller’s tubercle. The hymen develops and 
is normally perforate by birth.

Septal resorption

The uterus and upper third of the vagina develop into a single canal 
as the midline septum regresses at around 20 weeks gestation  
(Fig. 72.3).

In a normal male, Wolffian structures (seminal vesicles, vas def-
erens and epididymis) develop under the influence of testosterone 
from Leydig cells in the fetal testis with Müllerian duct regression. 
Involution of Müllerian structures in the male is dependent  
upon the secretion of anti-Müllerian hormone (AMH), around the 
6th to 8th week of fetal life. AMH is produced by normally function-
ing Sertoli cells in the fetal testis and acts on target tissues princi-
pally by local diffusion and primarily inhibits the Müllerian 
structures on the same side as the gonad. A normal testis will there-
fore prevent Müllerian structures developing on the ipsilateral side. 
The presence of an ovary, non-functioning or poorly functioning/
dysgenetic testis will permit a degree of ipsilateral Müllerian devel-
opment whilst the absence of androgenic (testosterone) stimulation 
prevents the development of Wolffian structures.

The development of the Müllerian and the Wolffian ducts is inter-
twined and requires adequate development of the mesonephric 
system. This accounts for the frequent association of anomalies of 
the female genital system and urinary tract. Renal anomalies associ-
ated with uterovaginal anomalies include ipsilateral renal agenesis, 
ectopic kidney, duplex collecting system and cystic dysplasia.

Figure 72.3 Formation of the uterus and vagina (modified from 
Brenner C and De Bruyn R. Imaging of benign paediatric 
gynecological disorders. Imaging, Volume 15(2003) Number, 53–62. 
© The British Institute of Radiology). A: The formation of the uterus 
from the lateral fusion of the paramesonephric ducts and septal 
resorption. B: The vagina developing from vertical fusion of tissue at 
the junction of urogenital sinus and uterus.
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ovary to the uterus, to form the round ligaments of the uterus and 
utero-ovarian ligaments. The suspensory ligament is attached to the 
upper pole of the ovary; its elongation forms the infundibulopelvic 
ligament. At birth the ovaries normally lie in the superior margin 
of the broad ligament referred to as the mesovarium. By puberty 
the ovaries lie deeper within the pelvis either posterolateral or 
lateral to the uterus.

Non-visualisation of an ovary
In the neonatal period one or both ovaries are normally readily 
visible whilst under the influence of maternal hormones. Non- 
visualisation of one or more ovaries in older children is not uncom-
mon. In approximately 10–20% of transabdominal examinations 
one or both ovaries are not visualised.3 The most likely causes of 
non-visualisation of the ovary are technical, including suboptimal 
bladder filling, bowel obscuring an ovary, body habitus and opera-
tor inexperience. Ovarian dysplasia (e.g. Turner’s streak ovary), 
ovarian atresia and maldescent are uncommon causes of 
non-visualisation.

Unlike testicular migration, ovarian migration disorders are rare. 
Ovarian descent may be arrested anywhere from the lower pole of 
the kidney to the uterine broad ligament (Fig. 72.2B). Ovarian mal-
descent results in the upper pole being located above the pelvic 
brim, and is associated with a short infundibulopelvic ligament, 
mesovarium and an elongated utero-ovarian ligament. Maldescent 
is rarely associated with Müllerian duct and renal anomalies.4 
Descent below the broad ligaments is also rare and seen with 
inguinal ovarian hernias.

Ovarian outline and volume
Most premenarchal ovaries are ovoid in shape. Ovarian volume 
measurement is estimated using the formula for a prolate ellipsoid 
structure (volume = 0.523 × length × width × thickness). The volume 
of the ovary is affected by the presence of large follicles (primordial 
or ovulatory) and corpus luteal cysts and may not be reliably cal-
culated when these structures are present.

Mean ovarian volumes in patients less than 2 years old are 
around 1.1 cm3 for the first year of life and 0.67 cm3 for the second 
year of life.5 There appear to be two particular periods of increased 
growth rate of the ovary. The first occurs at approximately 8 years 
of age, coinciding with adrenarche. The second growth spurt occurs 
immediately before and during puberty. Ovarian growth is most 
rapid between Tanner breast developmental stages 2 and 4.6 Mean 
ovarian volumes for a particular age are summarised in Table 72.1.

Ovarian echotexture and follicles
The normal ovary contains moderately echogenic stroma and mul-
tiple small follicles (Fig. 72.4). In infancy, follicular activity and 
development is a dynamic continuous process related to the influ-
ence of maternal hormones. The size and the number of visible 
follicles is variable. Numerous follicles may be demonstrated by 
ultrasound. Occasionally a follicle may act as a sufficiently large 
fulcrum to precipitate tubo-ovarian torsion. As maternal hormonal 
influence subsides the size of the ovaries decreases. The ovary is 
poorly vascularised in infants and young children.

Between the ages of 2 and 8 years the ultrasound appearances of 
ovaries are most stable; this is also the period where the ovaries 
tend to be most difficult to visualise. Despite this, ovarian follicles 
increase in size and number throughout childhood. Prepubertally, 
the ovaries may appear quite active, with follicles of up to 9 mm in 
size. However, the lower levels of gonadotrophin in prepubertal 
girls can result in slightly larger follicles of up to 12 mm, limiting 
the value of follicular diameter in assessing pubertal status.7 
Ovarian vascularisation slowly increases during childhood. By 6–8 
years of age both the ovarian cortex and medulla are usually 
identifiable.

early as it is liable to fill and empty quickly. If sufficiently distended 
then a full evaluation of the pelvis should be made. The first time 
a patient attends for a pelvic ultrasound, the examination should 
also ideally include both kidneys and adrenal glands, as structural 
anomalies of the uterus are associated with renal and gastrointesti-
nal tract malformations. The adrenal glands should be assessed in 
suspected cases of disorders of sexual differentiation and pubertal 
dysfunction.

For older children, the timing of the patient’s scan whilst in the 
department is important. An under-filled bladder should prompt 
the patient to drink more clear fluids and be reassessed every 20–30 
minutes thereafter. Care should also be taken not to over-distend 
the bladder as this can distort normal pelvic anatomy and make for 
an uncomfortable examination, increasing the likelihood of non-
cooperation. A post-micturition view is often very helpful.

Small children ideally should be scanned using a broadband 
(4–7 MHz) curvilinear probe. In the older patient, particularly those 
with more generous soft tissue coverage, an adult approach can be 
helpful using a 3–5 MHz curvilinear probe. If an abnormality is 
detected then imaging with a linear high-resolution probe should 
always be considered. Optimised colour flow and pulsed Doppler 
wave imaging can demonstrate vascular structures, enable differ-
entiation between cyst and solid, and delineate regional blood flow.

The role of transvaginal (TV) scanning in children is very limited. 
Few dedicated paediatric imaging centres offer TV scanning. TV 
scanning should only be considered in sexually active adolescents. In 
all cases the benefits of not requiring a transvesical acoustic window 
and improved near-field resolution should be weighed up against the 
limited field of view, the invasiveness of the procedure, the need for 
an appropriate chaperone and issues regarding obtaining informed 
consent. In children where TA scanning is considered insufficient 
then alternatives such as transperineal ultrasound scanning or pelvic 
magnetic resonance imaging (MRI) should be considered.

Recent advances in ultrasound technique such as 3D scanning, 
saline infusion sonohysterography and contrast bubble agent 
dynamic scanning currently have limited clinical application in 
paediatric practice and are not discussed further.

Scanning planes
The ovaries are identified by scanning transversely through the full 
urinary bladder usually at the level of the uterine fundus and by 
using oblique parasagittal planes in the angle between the iliac 
vessels and bladder. It should, however, be remembered that par-
ticularly in the neonate the ovaries can lie in the abdomen rather 
than the pelvis and ovaries containing cysts can be located any-
where in the abdomen. The ovaries are measured in three axes and 
the ovarian volume calculated. The number, size and distribution 
of the follicles should also be recorded.

The uterus is identified by scanning transversely and longitudi-
nally through the urinary bladder. The uterine length is measured 
along the longitudinal axis and the anteroposterior measurements 
taken at the cervix and fundus transversely. Uterine volume calcu-
lation can also be made. If the endometrium is detected, its contour, 
echogenicity and thickness are documented. Endometrial stripe 
thickness is measured at the maximum depth of the body away 
from the cervix.

Normal sonographic appearances of  
the developing ovaries

Ovarian position
Ovaries and testes show analogous embryological development. 
The fetal ovaries are initially located juxtarenally, on the medial 
surface of the urogenital ridge on each side of the spine. Ovarian 
descent towards the pelvis begins at 3 months of fetal life and is 
guided by the gubernaculum, connecting the lower pole of the 
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Figure 72.4 Normal ovarian appearance at various developmental stages. A: Transverse sonogram showing the uterus and both 
ovaries. The uterine endometrial stripe is visible and both ovaries show multiple small follicles related to maternal hormonal influence.  
B: Oblique sonogram in a 13-month-old girl showing a typical small volume ovary (between callipers). The ovaries are most difficult to 
visualise between the ages of 13 months and 6 years as they poorly vascularised and relatively quiescent. C: Oblique sonogram of the left 
ovary (between callipers) showing ‘multicystic’/ multifollicular morphology in early puberty. This appearance signifies the onset of pubertal 
maturation. D: Oblique sonograms of the left ovary (between callipers) in a 13-year-old girl showing a dominant follicle. This is the final 
stage of follicular development and its presence suppresses all other follicular activity.
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Data (birth to 24 months) from Cohen et al.5

Table 72.1 Normal ovarian volumes in neonates, infants 
and throughout childhood

Chronological 
age

Mean volume 
(cm3)

Standard 
deviation (±cm3)

Birth to 3 months 1.06 0.96
4–12 months 1.05 0.67
13–24 months 0.67 0.35
2 years 0.75 0.4
4 years 0.8 0.35
6 years 1.2 0.35
8 years 1.1 0.5
10 years 2.2 0.7
12 years 3.8 1.4
13 years 4.2 2.3

Data (2–13 years) from Orsini et al.3

At around 8–9 years of age the ovaries become multifollicular,2 
defined on ultrasound as more than six follicular cysts of at least 
4 mm in diameter. This coincides with nocturnal, pulsatile luteinis-
ing hormone secretion and the onset of puberty. Follicles continue 
to increase in size throughout puberty. Around 11–12 years of age, 
primordial follicles are evenly distributed throughout the layers of 
the cortex. Constant maturation and involution of the follicles 
results in the wide range of diameters seen at different pubertal 
stages. Follicles may become atretic at any stage of their develop-
ment. By around 12–13 years ovulation begins. Thereafter, non-
primordial ova containing follicles are present. A gradual reduction 
of the primordial follicles is seen until none remain in the mature 
ovary at around 14 years of age.

Menarche
The establishment of regular ovulatory cycles heralds the end of 
puberty. The principal regulators of ovarian function are luteinising 
hormone (LH) and follicle-stimulating hormone (FSH). In response 
to rising levels of FSH, between 5 and 12 primordial follicles start 
to enlarge and are now called primary follicles. They gradually 
enlarge until a follicle of at least 16 mm is attained. Follicular secre-
tion of oestrogen results in the development of the endometrium. 
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In an anovulatory cycle, the follicle regresses and the subsequent 
fall in oestrogen level results in a withdrawal menstrual bleed. 
Eventually, when a follicle diameter of over 20 mm is achieved, that 
follicle gains primacy, while the other follicles recruited during the 
cycle degenerate. The remaining follicle is now known as a mature 
or dominant graafian follicle. After ovulation the granulosa cells of 
the ruptured follicle wall begin to proliferate and give rise to the 
corpus luteum, which is an endocrine structure that secretes steroid 
hormones that maintain the uterine endometrium in readiness to 
receive an embryo. If no embryo implants, the corpus luteum 
degenerates after about 14 days.

Ovarian growth and follicular development
The complete, unruptured graafian follicle may regress without 
expelling the ovum, first by the oocyte dying and then by undergo-
ing coagulation necrosis with eventual formation of the corpus 
restiforme, which vanishes without trace. In fetal and postnatal life 
this generally occurs before the follicle has reached an appreciable 
size. If the follicle expels the ovum (ovulation) then either a fully 
developed corpus luteum results, or the remaining follicle becomes 
luteinised and regresses. The distinguishing feature of the post-
pubertal follicle is the ability of the follicle to liberate its ovum 
(ovulation) and be converted into a corpus luteum.

Normal sonographic appearances of  
the developing uterus

At birth the uterus remains under the influence of maternal hor-
mones. The endometrial stripe is normally visible as a thin echo-
genic line and is often marginated by a hypoechoic halo. A small 
amount of free fluid can normally be seen in the endometrial cavity. 
The anteroposterior (AP) width of the cervix is slightly greater than, 
or more often equal to that of the fundus (Fig. 72.5). The uterus may 
therefore resemble an inverted pear-shape but the majority show 
tubular configuration.8

Beyond the neonatal period the AP width of the uterine fundus 
becomes proportionately smaller. The uterus assumes a prepubertal 
tubular configuration. The endometrial stripe becomes difficult to 
visualise even on high-resolution imaging. From infancy to around 
7 years no significant uterine growth is seen.3 The uterus is consid-
ered prepubertal if the length is less than 4.5 cm and width no 
greater than 1.0 cm.9

Uterine growth is proportional to chronological age, bone age 
and pubertal stage.10 Between 8 years and puberty the uterus 
enlarges and thickens under the influence of local ovarian oestro-
gens. The mean rate of growth of the uterus is slowest until 8 years 
old, intermediate aged 9–11 years and higher still during the pro-
gression of gonadotrophin-dependent puberty. At puberty the 
uterus is located deep within the pelvis. The fundus enlarges rela-
tive to the cervix and the endometrial stripe is more readily visual-
ised as a midline echogenic stripe. Ultimately the uterus assumes 
adult proportions and demonstrates the typical post-pubertal ‘pear-
shaped’ configuration. The ultrasound appearances of the develop-
ing uterus are summarised in Table 72.2.

Detailed reference tables are available with normative data for 
uterine length, width and volumes.3 Many centres do not routinely 
document volume calculations as the uterus changes shape with 
time and it is arguable whether a reliable estimate can be made 
using the formula for a prolate ellipsoid.

Developmental anomalies of the uterus  
and vagina

Congenital uterovaginal malformations
In the general population, the prevalence of congenital uterine and 
vaginal anomalies is unknown but estimated to be around 0.5% for 

uterine and 0.025% for vaginal anomalies.11 Anomalies are caused 
by alterations in the development or fusion of the Müllerian ducts. 
Detailed classifications of congenital anomalies have been pub-
lished.12 A pictorial overview of the main congenital Müllerian mal-
formations is given in Figure 72.6. A more simplified classification 
is presented in Table 72.3.

A small proportion of cases will present in the neonatal period 
as an obstructive pelvic mass lesion with hydrocolpos or in relation 
to a complex urogenital problem at birth such as urogenital sinus 
or cloacal malformation.13,14 The palpable pelvic or abdominal mass 
is due to an obstructed fluid-filled vagina lying between the rectum 
and urinary bladder. A fluid–debris level is not uncommon (Fig. 
72.7). Occasionally the mass may be sufficiently large to cause 
urinary tract obstruction.

Congenital uterovaginal anomalies most often present later in 
childhood and adolescence. A high incidence of decreased fertility 
and obstetric complications is common. Presenting symptoms 
include delayed onset of menarche, primary amenorrhoea or cycli-
cal pelvic pain at the onset of menarche. A pelvic mass may occur 
as a result of haematocolpos or haematometrocolpos. Obstructive 
Müllerian anomalies (imperforate hymen, vaginal septa, genital 
tract atresias and stenosis) preclude the outflow of menstruation 
allowing the collection of blood in the uterus and the vagina, 
increasing the likelihood of retrograde menstruation. Imperforate 
hymen (Fig. 72.8) is usually not associated with any other Müllerian 
abnormality and occurs as a result of incomplete canalisation of the 
urogenital sinus with the Müllerian system.15 Imperforate hymen 
cannot be differentiated from a low transverse vaginal septum by 
ultrasound. Transverse vaginal septum is not associated with other 
urological or Müllerian anomalies. Longitudinal vaginal septum is 
variable and ranges from no symptoms to cyclic pain and abnormal 
bleeding. This condition is usually associated with uterus didelphys 
(Fig. 72.9), absent or hypoplastic ipsilateral kidney16 and rarely mul-
ticystic dysplastic kidney.17

Müllerian agenesis
The most common form of Müllerian duct dysgenesis is Mayer–
Rokitansky–Kuster–Hauser (MRKH) syndrome, with combined 
agenesis of the uterus, cervix and upper vagina. Atypical configura-
tions may be encountered which are not readily classified by ultra-
sound. MRI is particularly useful in defining complex anatomy.

Cloacal anomalies
The cloaca is a terminal portion of the fetal hindgut and is a common 
channel for genital secretions, faecal residue and urine. Failure of 
the urorectal septum to partition the cloaca into rectum, vagina and 
urethra results in a persisting cloacal malformation (Fig. 72.10). An 
imperforate anus and single perineal opening in a newborn female 
should immediately alert the clinician to the presence of a cloacal 
malformation. An ultrasound of the pelvis and urinary tract is 
required prior to urgent surgical treatment. A defunctioning colos-
tomy is formed to alleviate bowel obstruction and prevent faecal 
contamination of the renal and gynaecological tracts. Spinal ultra-
sound and echocardiography should be performed to look for asso-
ciated defects following surgery.

Disorders of sexual differentiation

Ultrasound is the method of choice for screening the neonate with 
ambiguous genitalia. Ultrasound provides a rapid, accurate and 
non-invasive means of identifying the presence or absence of a 
uterus, which is normally well visualised in the neonatal period.

Great sensitivity is required towards the parents and carers 
during this often distressing period. It is crucial not to make pre-
liminary pronouncements as to the likely gender of the child being 
assessed based solely upon the imaging findings. Best practice is to 
defer to the multidisciplinary team involved in the child’s overall 
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Figure 72.5 Normal uterine appearance at various 
developmental stages (longitudinal sonograms). A: Neonate 
showing a relatively large uterus with (B) prominent endometrial 
stripe (between callipers) under the influence of maternal 
hormones. C: Inverted pear-shaped uterus in a 9-week-old girl. 
D: Prepubertal uterus also referred to as ‘tubular’. E: Zoomed 
image confirming no visible endometrium. F: Showing uterine 
growth and visible endometrial stripe during adrenarche (arrow).  
G: Plump ‘pear-shaped’ post-pubertal uterus.
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care. Assigning a correct gender for the baby is complex and will 
require evaluation of a combination of investigations including  
hormonal profiles, chromosomal analysis, sonographic findings, 
additional radiology where indicated (genitography and MRI) and 
occasionally gonadal biopsy. The aim is to provide an accurate 
gender as soon as is practicable. The role and timing of surgical 
intervention for ambiguous genitalia remains controversial.18

Children with ambiguous genitalia requiring imaging assess-
ment include:
n female phenotypes with clitoromegaly and/or fused labia
n female phenotypes found to have a gonad present in a hernial 

sac
n male phenotypes with bilateral impalpable testes and perineal 

hypospadias
n male phenotypes with unilateral undescended testis with 

hypospadias.
Children with an appropriate family history should also be 

assessed.19 Various types of intersex states have been described 
(Table 72.4).

Female pseudohermaphrodites are genetic females (46,XX) who 
possess ovaries but with masculinised external genitalia. This is the 
most frequent cause of ambiguous external genitalia. The most 
common underlying cause is congenital adrenal hyperplasia, a 

Figure 72.6 The various types of congenital abnormalities of 
uterovaginal formation. A: Normal vagina and uterus. B: Double 
vagina and uterus (uterus didelphys). C: Single vagina and double 
uterus. D: Bicornuate uterus. E: Bicornuate uterus with rudimentary 
left horn. F: septate uterus. G: unicornuate uterus. (Reproduced 
with permission from Moore KL, Persaud TVN. The Developing 
Human. Clinically Oriented Embryology, 6th Edition. Philadelphia: 
WB Saunders; 1998.)
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Table 72.2 Uterine dimensions, volumes and morphology in neonates and throughout childhood

Uterine 
length (cm)

Uterine fundal 
width (cm) Endometrial stripe

AP fundus/ 
cervix ratio Uterine shape

Neonate (visible 
94%)

2.3–4.6 1.2 (range 
0.8–2.1)

Echogenic stripe seen 
in 98%

1 : 2 Tubular (58%)
Inverted pear shape (32%)
Fundal narrowing relative 
to cervix as oestrogen 
levels fall

Prepubertal 2.5–4.0 Less than 1.0 Rarely visible 1 : 1 Tubular
Post-pubertal 5.0–8.0 1.6–3.0 Visible echogenic stripe

Cyclical endometrium 
as seen in adult 
menstrual cycle

2–3 : 1 Pear-shaped

Data summarised from Garel et al.9

Table 72.3 Simplified classification of congenital 
abnormalities of uterovaginal formation

Organogenesis Inadequate 
development of one 
or more Müllerian 
ducts (Müllerian 
agenesis/dysgenesis)

Uterine agenesis 
(MRKH)
Uterine hypoplasia

Fusion Lateral fusion defect
Vertical fusion defect

Bicornuate
Uterus didelphys 
(Fig. 72.9)
Unicornuate uterus 
with a rudimentary 
horn
Cervical atresia
Vaginal septa
Imperforate hymen

Septal 
resorption

Failure of resorption Septate uterus
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spectrum of inborn errors of adrenogenital metabolism resulting in 
faulty enzyme(s) which normally mediate the production of corti-
sol; and results in an abnormal increase in circulating fetal andro-
gens. The external genitalia are abnormal with fusion of the 
labioscrotal folds, urethral folds and clitoromegaly. A urogenital 
sinus is usually present in such cases and there may be accompany-
ing characteristic enlargement of the adrenal glands (Fig. 72.11).20

The role of ultrasound in all cases of intersex is to confirm the 
presence and location of Müllerian and gonadal structures. The 
presence of the uterus and ovaries indicates a female pseudoher-
maphrodite whilst absence indicates a male pseudohermaphrodite. 
Müllerian abnormalities may be associated with renal anomalies 
such as ipsilateral renal agenesis. Ultrasound of the kidneys and 
adrenal glands should therefore also be performed in all cases. 
Identifying the location of the gonads is also important. In general 
an ovary is not located within or below the lower inguinal canal 
unless in a hernia (Fig. 72.12). Gonads found within the lower 
inguinal region or scrotum should be considered to be testes.

Although exceedingly rare, the next most likely intersex state for 
a genetic female (46,XX) is a true hermaphrodite. True hermaphro-
dites are manifested by the presence of an atypical gonad referred 
to as an ovotestis which contains both ovarian follicles and testicu-
lar tubular tissue. Sonographically an ovotestis lacks the uniform 

Figure 72.7 Hydrocolpos and hydrometrocolpos. A: Longitudinal sonogram in a newborn female with a large fluid-filled mass (*) 
behind the urinary bladder showing typical sonographic appearances of a distended vagina. B, C: Longitudinal (B) and transverse (C) 
sonograms in a 12-year-old girl showing a fluid–debris level in the distended vagina at the onset of menstruation.
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Figure 72.8 Imperforate hymen. Longitudinal sonogram showing 
a fluid-distended vagina in a 13-year-old girl confirmed at surgery to 
be an imperforate hymen.
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are dysfunctional. In mixed gonadal dysgenesis a testis is present 
along with an abnormal streak gonad. Patients with mixed gonadal 
dysgenesis may show considerable anatomical variation, depend-
ing on the duration and level of anti-Müllerian hormone production 
by the dysgenetic gonad(s). Most will at least retain a rudimentary 
uterus. A fallopian tube is often present on the side of the streak 
gonad. The fallopian tube normally regresses on the side of the 
testis due to the effects of local anti-Müllerian hormone.

Gonadal dysgenesis can be found in patients with Turner’s  
syndrome. Sonographic studies in patients with chromosomal 
mosaicism, such as 45XO/46,XX, show a spectrum of findings 
which range from infantile uterus with absent ovaries to normal-sized 
uterus and gonads. Patients with the 45XO karyotype typically have 
elongated ‘streak gonads’ consisting of connective tissue with  
few germ cells that are not seen on ultrasound.22 In these patients, 
the size and configuration of the uterus remains prepubertal  
(Fig. 72.13).

In Turner’s syndrome infantile gonads are present at birth. 
During childhood the gonads often regress and may be absent at 
puberty. A small increased risk of germ cell tumour, 

echotexture of the normal testicle and will contain follicles. The 
usual combination is paired ovotestes or ovotestis-ovary.21

Male pseudohermaphrodites are genetic males (46,XY) with female 
external genitalia and apparent female gender identity. The main 
causes are testosterone deficiency due to:

n inborn errors in the adrenogenital enzymatic production of 
testosterone

n absent or ineffective end-organ androgen receptors referred to 
as androgen insensitivity syndrome (AIS; also known as 
testicular feminisation syndrome) with normal to high 
circulating testosterone levels.

As testicles are present anti-Müllerian hormone is produced and 
Müllerian structures involute. The mesonephric ducts do not  
differentiate. The testes fail to descend and external genitalia  
range from complete female phenotype to ambiguous genitalia 
with hypospadias.

Gonadal dysgenesis is characterised by variable involution of 
Müllerian structures due to the absence or diminished production 
of anti-Müllerian hormone. In pure gonadal dysgenesis both gonads 

Figure 72.9 Uterus didelphys. A: Transverse sonogram showing double uterine cavities (arrows) which are best seen on transverse 
imaging. B, C: Axial (B) and coronal (C) T2-weighted MRI in the same patient showing uterus didelphys.
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Figure 72.10 Cloacal malformation. Newborn female with imperforate anus. A: AP radiograph showing absent sacrum and T5 
hemivertebra. B: High-resolution sonogram showing abnormal morphology of the conus typical of caudal regression (‘cut off’ appearance). 
C: Longitudinal sonogram showing a fluid–debris level within a distended viscus (cloaca) and distal left ureteric dilatation. A defunctioning 
colostomy was performed immediately following the scan.
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Table 72.4 Image findings in disorders of sexual differentiation

Genotype
Gonadal 
phenotype

Müllerian 
phenotype

External 
genitalia

Female pseudohermaphrodite
 Congenital adrenal hyperplasia
 Elevated maternal hormones

46,XX Normal ovaries Normal uterus and 
vagina

Virilised

Mixed gonadal dysgenesis
Turner’s syndrome

45,XO
45,XO/46,XX*
Turner’s with Y: increased 
risk of gonadoblastoma

Testis and streak
Absent or streak 
ovaries
* (may appear normal)

Persisting infantile 
uterus
* (may appear 
normal)

Female

True hermaphrodite 46,XX + mosaics
46,XY with Y line

Testicle and ovaries
Ovotestis

Uterus normal in 
10%

Male

Male pseudohermaphrodite
 Androgen insensitivity
 Impaired testosterone production
 Congenital adrenal hyperplasia (rarely)

46,XY Normal male gonads 
or crypto-orchid 
testes

Absent uterus and 
cervix

Female or 
ambiguous

gonadoblastoma, has been reported in the presence of Y chromo-
some material in patients with Turner’s syndrome.23 Other associa-
tions include horseshoe kidney.

Disorders of sexual maturation

Precocious puberty
Precocious puberty in a girl is defined as the development of  
secondary sexual characteristics or gonadal maturation before the 

age of 8 years. The pelvic sonographic findings of disorders of 
premature sexual maturation are described below and summarised 
in Table 72.5.

Central precocious puberty (isosexual)
Precocious puberty may be referred to as ‘central’ or  
gonadotrophin-dependent when it is identical to normal puberty 
but occurs prematurely due to the early activation of the hypotha-
lamic-pituitary-gonadal axis resulting in elevated levels of FSH and 
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Figure 72.11 Congenital adrenal hyperplasia and urogenital 
sinus. A, B: Schematic diagrams showing (A) normal and (B) 
persisting urogenital sinus. C: Contrast genitogram depicting a 
urogenital sinus. D: Axial sonogram showing characteristic 
‘cerebriform’ enlargement of the adrenal gland in congenital adrenal 
hyperplasia. (A, B reproduced with permission from Moore KL, 
Persaud TVN. The Developing Human. Clinically Oriented 
Embryology, 6th Edition. Philadelphia: WB Saunders; 1998.)

D

C

Figure 72.12 Inguinal ovary. High-resolution colour Doppler 
image showing an inguinal hernia containing an ovary.
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measurement of uterine volume had a reported sensitivity and 
specificity of 100% (cut-off value, 1.8 mL), while ultrasound deter-
mination of ovarian volume had a sensitivity of 82% and a specifi-
city of 95% (cut-off value, 1.2 mL) in the detection of early central 
precocious puberty in a comparative study of patients with preco-
cious puberty, premature thelarche and control group.25

Pseudoprecocious puberty (pseudosexual)
Pseudoprecocious puberty or gonadotrophin-independent  
precocious puberty is characterised by low levels of FSH and LH. 
Gonadotrophin-independent causes of precocious puberty include 
premature thelarche, premature thelarche variant, isolated 
menarche, McCune–Albright syndrome and hypomelanosis of Ito. 
The condition is also caused by autonomous oestrogen production 
from an ovarian or adrenal tumour (Fig. 72.14). The most common 

Figure 72.13 Turner’s syndrome. A: Longitudinal sonogram showing prepubertal appearance to the uterus. B: Oblique sonograms 
showing a ‘streak’ ovary.

A B

Figure 72.14 Pseudoprecocious puberty. Oblique sonogram in 
a 3-year-old girl presenting with precocious puberty showing a 
complex ovarian tumour mass (arrow) and marked endometrial 
hypertrophy (arrowhead).

The role of ultrasound in evaluation of sexual maturation

• Pelvic ultrasound is the mainstay of imaging for the evaluation of 
pubertal dysfunction.

• A thorough ultrasound examination should include the uterus, 
both ovaries, kidneys and adrenal glands.

• Ovarian morphology can be used as an index of gonadotrophin 
secretion.

• Uterine volume and endometrial thickness provide a measure of 
oestrogen secretion.

• Uterine artery Doppler has also been advocated in assessing 
pelvic maturation.26

Table 72.5 Sonographic findings in precocious puberty

Ovaries Uterus

Precocious 
puberty

Stimulated Large
Adult pear shape
Endometrial stripe present

Pseudoprecocious 
puberty

Unstimulated Small
Prepubertal tubular shape
No endometrial stripe

Isolated premature 
thelarche

Unstimulated Small
Prepubertal tubular shape
No endometrial stripe

Isolated premature 
adrenarche

Unstimulated Small
Prepubertal tubular shape
No endometrial stripe

LH. Most cases are idiopathic. Gonadotrophin-dependent causes 
include hypothalamic tumours and cysts, low-dose cranial irradia-
tion and primary hypothyroidism with elevated FSH secretion.

Ultrasound in central precocious puberty shows large multi-
follicular ovaries.24 Multicystic or multifollicular morphology is 
usually present in girls with central precocious puberty, and in girls 
with normal puberty. Uterine enlargement and endometrial prolif-
eration occurs due to gonadal oestrogen secretion. Ultrasound 
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failure is seen in patients with variants of Turner’s syndrome, 
gonadal dysgenesis, galactosaemia or following pelvic irradiation.

Disorders of menstruation

Amenorrhoea
Primary amenorrhoea affects less than 1% of adolescent girls. Sec-
ondary amenorrhoea is much more common than primary amenor-
rhoea. The causes of amenorrhoea are listed in Table 72.6.

Patients with primary amenorrhoea show the prepubertal 
appearance of the uterus and ovaries. Those with secondary amen-
orrhoea can show a marked regression in the size of the uterus and 
ovaries such as in anorexia nervosa where the ovaries become qui-
escent and show no follicular activity. Pelvic ultrasound is a suitable 
method for determining the ‘target’ or ‘ideal’ weight required for 

ovarian lesions to present with pseudosexual precocious puberty 
are granulosa theca cell tumours. The uterus is large and there is 
endometrial proliferation. Ultrasound may also detect large follicu-
lar ovarian cysts that are functional27 and are easily distinguished 
from tumours and those of mixed echogenicity.

Isolated premature thelarche
Premature thelarche is isolated breast development without pro-
gression through puberty. Breast development often has an atypical 
appearance with relatively immature nipple development, is 
usually asymmetric, and not beyond Tanner stage 3 (Fig. 72.15).28 
The uterus is usually normal. Girls with premature thelarche have 
been shown to show no significant difference in pelvic ultrasound 
measurements when compared with age-matched controls.25

Isolated premature adrenarche
Premature adrenarche is the premature development of pubic or 
axillary hair with no other signs of puberty. The uterus and ovaries 
are generally normal. Polycystic ovarian morphology has been 
demonstrated in 8 of 12 girls examined with premature 
adrenarche.2

Pubertal delay
It is generally accepted that puberty is delayed when there is no 
sign of pubertal development by 15 years of age in girls. The initial 
imaging of a female with delayed puberty should include assess-
ment of bone age and pelvic ultrasound.

Constitutional delay in growth and puberty occurs in patients 
with delayed bone age but who have always grown at a normal rate 
for their bone age and so would be expected to have a delay in the 
onset of puberty. This normal variation is often familial. Puberty 
usually begins by the time the bone age reaches 11 years in girls. 
Ultrasound demonstrates normal uterus and ovaries (usually 
multifollicular).

Low gonadotrophin levels (hypogonadotrophic hypogonadism) 
are often seen in chronic serious illness such as cystic fibrosis, ano-
rexia nervosa and Crohn’s disease. Central causes of gonadotrophin 
deficiency include central nervous system cysts and tumours, idi-
opathic hypopituitarism, growth hormone deficiency and acquired 
hypothyroidism. Elevated gonadotrophins (hypergonadotropic 
hypogonadism) result from primary gonadal failure. Ovarian 

Figure 72.15 Premature thelarche. A: High-resolution ultrasound of a 2-year-old presenting with cyclical breast enlargement showing 
premature breast bud development. B: Colour Doppler flow image showing normal relatively avascular breast bud.

A B

Table 72.6 Causes of primary and secondary amenorrhoea

Primary amenorrhoea

• Chromosomal abnormalities: Turner’s syndrome
• Congenital obstruction of the genital tract (e.g. imperforate 

hymen), uterovaginal atresia
• Disorders of sexual differentiation such as testicular feminisation 

syndrome
• Hypothalamic lesion
• Neoplasm: virilising tumours, pituitary tumour
• Drugs: androgens

Secondary amenorrhoea

• Pregnancy/Breastfeeding
• Contraceptives
• Stress
• Medication: chemotherapy drugs, oral corticosteroids, 

antidepressants and antipsychotics
• Radiotherapy
• Chronic illness
• Endocrine: polycystic ovarian syndrome, adrenal hyperplasia and 

tumours, hypopituitarism, hypothyroidism
• Low body weight: anorexia or bulimia
• Excessive exercise



CHAPTER 72 • The paediatric uterus, ovaries and testes

1482

Imaging of amenorrhoea

• Abnormalities of the pituitary gland or hypothalamus are best 
evaluated with MRI.

• Adrenal hyperplasia and masses are initially best assessed with 
ultrasound, if abnormal MRI should be considered in favour of  
CT scan.

• The main role of pelvic ultrasound is to identify the presence, 
shape, size and maturation of the uterus, vagina and ovaries 
looking for genital causes of amenorrhoea

recovery of ovarian function and resumption of menstruation. 
Underweight patients tend to have smaller volume, immature 
ovaries. Normalised ovaries indicate favourable outcome and phys-
ical recovery.29 More recently an algorithmic approach in sono-
graphic assessment of pelvic maturity has been advocated in 
determining an individual’s healthy weight in the management of 
anorexia nervosa.30

Polycystic ovarian syndrome

Polycystic ovarian syndrome (PCOS) should not be confused with 
polycystic ovaries (PCO), which are a distinct morphological entity 
(see next section). The main clinical features of PCOS are distur-
bances of menstruation, hyperandrogenism (elevated luteinising 
hormone levels with reduced follicle-stimulating hormone levels) 
and obesity. Androgen excess and ovarian dysfunction are central 
to the condition. High androgen levels result in ovarian stromal 
hyperstimulation with an increase in the number of atretic antral 
ovarian follicles. Other associations include hyperinsulinaemia, 
insulin resistance and metabolic syndrome in adolescence.

Consensus criteria have been developed and refined in establish-
ing the clinical diagnosis of PCOS. Not all clinical, biochemical and 
sonographic features are required to make the diagnosis. The 1990 
National Institutes of Health criteria31 define androgen excess 
and ovarian dysfunction in the absence of other causes as  
consistent with PCOS. Latterly the typical appearances of the ovary 

Figure 72.16 Polycystic ovarian syndrome. High-resolution oblique sonograms showing the characteristics features of PCOS. 
A: Enlarged ovary with abundant central echogenic stroma. B: Necklace of multiple peripheral small follicles (2–8 mm in diameter).

A B

on ultrasound have been considered important criteria for the diag-
nosis of PCOS in adolescents with suggestive clinical features. The 
2003 Rotterdam criteria32 require two of the following three criteria 
for a diagnosis: chronic oligo-anovulation, biochemical or clinical 
evidence of hyperandrogenism and a polycystic appearance on 
ovarian ultrasound (Fig. 72.16). The aetiology of PCOS is unknown. 
The condition manifests at puberty. It has been speculated that 
abnormalities of ovarian androgen production which mediate 
PCOS may occur in the fetus or during childhood.34

Polycystic ovaries

The incidence of PCO in the normal adult population is 22–
25%.33PCO morphology as defined on ultrasound includes one or 
more of the following features35 (Fig. 72.17):

Figure 72.17 Multifollicular ovary. High-resolution oblique 
sonogram showing characteristic appearances of a multifollicular 
ovary in early pubertal development.
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Figure 72.18 Neonatal ovarian cyst showing a single septation 
and no other internal echoes.

n ovaries with an increased ovarian volume (>10 cm3)
n a necklace of follicles with at least 12 follicles around the 

periphery of the ovary measuring between 2 and 9 mm
n increased quantity of hyperechoic stroma.

Transabdominal ultrasound has revealed bilateral enlarged 
ovaries (8–14 mL) in up to 70% of symptomatic patients and has 
demonstrated that the follicles are usually peripherally located but 
may also be scattered throughout the ovarian stroma.36 Typically 
affected ovaries lose their normal ovoid shape and appear more 
spherical. Normal ovarian volume does not exclude the diagnosis; 
up to one third of adult patients assessed transvaginally with poly-
cystic ovarian morphology had normal ovarian volumes (range 
4–10 cm3).33 PCO has been described in the young as early as 6 years 
of age.37 A single PCO is sufficient for the diagnosis.

If follicular diameter is greater than 10 mm, repeat ultrasound at 
a time of ovarian quiescence should be considered in order to cal-
culate more meaningful ovarian volumes. Transvaginal ultrasound-
based antral follicle counts, which are used to identify polycystic 
ovaries, have been found to have adequate inter-observer and intra-
observer reproducibility.38

Ovarian stromal echogenicity is assessed relative to the uterus 
and may show considerable variation. Increased stromal echogenic-
ity and/or stromal volume are specific to PCO, but it has been 
shown that the measurement of ovarian volume is a reasonable 
surrogate marker for quantification of the stromal volume.35

Other conditions with hyperandrogenism such as premature 
adrenarche and late-onset congenital adrenal hyperplasia may also 
show PCO morphology.

Pelvic masses in the neonate

These can be detected antenatally or present in infancy. The main 
role of ultrasound is in differentiating between a cystic mass or 
solid lesion and to ascribe an organ of origin. The most common 
finding in the neonate is a palpable urinary bladder. If the lesion is 
sufficiently large then determining the origin of the mass becomes 
more difficult and further imaging may be required. The most 
important point to stress is that in most cases ultrasound will be 
sufficient to characterise the nature and extent of a cystic mass but 
if tumour is suspected then cross-sectional imaging is required. 
Attempts to aspirate a pelvic cyst should not be undertaken until it 
is clear that rare causes of conditions such as meningocele or neu-
roenteric cyst have been excluded (Table 72.7).

Neonatal ovarian cysts
Neonatal ovarian cysts are thought to be functional and arise from 
disordered follicular development under the influence of maternal 
and placental hormones. The vast majority of these will eventually 

Table 72.7 Pelvic mass lesions arising from the female 
neonate

Cystic mass Solid mass

Urinary bladder
Ovarian cyst (Fig. 72.18)
Adnexal torsion (Fig. 72.29)
Enteric duplication cyst (Fig. 72.19)
Meconium pseudocyst (Fig. 72.19)
Hydrocolpos (Fig.72.7)
Cloacal malformation (Fig.72.10)
Veno-lymphatic malformation 
(omental and mesenteric cyst)
Neuroenteric cyst
Anterior meningomyelocele

Sacrococcygeal teratoma
Neuroblastoma
Pelvic kidney

involute without complication. These cysts are frequently detected 
antenatally. Occasionally fetal ovarian cysts may result in polyhy-
dramnios, vaginal dystocia or cyst rupture at delivery.39 Most cysts 
detected at birth are asymptomatic. Postnatal ultrasound follow-up 
should be undertaken for all suspected ovarian cysts.

The ultrasound appearances of uncomplicated neonatal ovarian 
cysts are fairly typical (Fig. 72.18). Simple cysts are unilocular, 
elliptical or spherical anechoic lesions, with a barely perceptible 
wall. The differential diagnosis for simple ovarian cysts includes 
enteric duplication cyst and mesenteric cyst. Duplication cysts have 
typical features; the so-called ‘double wall sign’ (Fig. 72.19) due to 
enteric mucosa and the hypoechoic muscularis in 50% of cases. If 
present, a small ‘daughter cyst’ (Fig. 72.20) in the wall of the 
primary cyst is a specific sign suggestive of an ovarian cyst.40 
Omental cysts may bleed and can be indistinguishable from 
complex ovarian cysts. An omental cyst should be considered in a 
female neonate with a complex cystic mass in whom both ovaries 
are visualised.41

Neonatal ovarian cysts may present as complex lesions second-
ary to haemorrhage or rarely salpingotorsion, the risk of torsion 
being higher in larger cysts. These cysts may rupture or even ampu-
tate and migrate from the usual pelvic location. Complex cysts 
show specific characteristics such as a debris–fluid level, septa of 
variable thickness, a retracting clot, fibrotic mural nodule, calcifica-
tion and echogenicity mimicking a solid appearance (Fig 72.21). 
Ovarian tumours are so rare in infants that a haemorrhagic ovarian 
cyst should be considered even when the mass appears solid.

Ovarian cysts may present as an abdominal mass in the neonatal 
period and if sufficiently large result in life-threatening pulmonary 
compression, bowel or urinary tract obstruction.42 The management 
of most neonatal ovarian cysts is expectant and conservative. Serial 
ultrasound follow-up is all that is required until the cyst regresses 
and involutes spontaneously. If large (over 5 cm) and simple 
(unilocular, echo-free and without significant mass effect), they 
may be aspirated under ultrasound guidance. The cyst fluid is high 
in oestrogens. Management of larger cysts may rarely require  
surgical intervention.

Adnexal cysts in the older child

Prepubertal ovarian cysts
Microcysts, defined as cysts up to 9 mm in diameter, are frequent 
in the prepubertal girl, and increase in number with advancing 
age.43 A simple, anechoic, thin-walled follicular cyst up to 10 mm 
diameter should be considered a normal finding. Larger ovarian 
cysts are uncommon in prepubertal girls but may result from 
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Figure 72.19 Non-ovarian neonatal pelvic cystic masses. A: Longitudinal sonogram of an enteric duplication cyst containing multiple 
internal echoes. The characteristic ‘gut signature’ or ‘double wall’ sign is present (arrow). BL, urinary bladder; UT, uterus. B: Transverse 
sonogram showing a thick-walled meconium pseudocyst with multiple complex internal echoes and debris.

A B

Figure 72.20 Ovarian cyst. High-resolution longitudinal sonogram 
showing a simple ovarian cyst (LO) containing a small internal 
daughter cyst (arrow).

failure of involution of follicles stimulated by intermittent release 
of gonadotrophins from the developing pituitary gland.44 Prepuber-
tal cysts like neonatal cysts are follicular in origin; the vast majority 
will resolve spontaneously. Larger cysts in this age group may be 
associated with sexual precocity and may require more extensive 
evaluation.45 Cysts in this age group should be observed only if: (1) 

the cyst is clearly of ovarian origin, (2) the cyst is not complex, (3) 
alpha-fetoprotein (AFP) and beta human chorionic gonadotrophin 
(β-hCG) levels are normal, (4) the patient is asymptomatic, and (5) 
the cyst decreases in size.46

Prepubertal cysts should decrease in size over a period of a 
couple of weeks. Once a decrease in size is documented at 2- to 
3-weekly follow-up, monthly ultrasound should be considered 
until resolution. Whilst the risk of malignancy is very low, any 
prepubertal ovarian cyst that does not decrease in size, persists or 
is complex merits a surgical opinion.

Ovarian cysts in adolescence
Cystic lesions of the adolescent ovary most commonly occur as a 
result of ‘dysfunctional’ ovulation and persistence of the remaining 
follicle. Most girls present with menorrhagia, irregular menstrual 
cycles and occasionally a palpable mass. Follicular cysts develop in 
the first half of the menstrual cycle. These are typically anechoic, 
thin-walled, around 2 to 3 cm in diameter and usually resolve 
during the second half of the menstrual cycle (Fig. 72.22). If ovula-
tion does not occur, follicular cysts can continue to grow under 
hormonal stimulation, occasionally to very large sizes. Functional 
ovarian cysts in adolescence may also arise from persistence of the 
corpus luteum formed from a ruptured follicle. Corpus luteum 
cysts can grow up to sizes in excess of 6 cm and may rupture, 
leading to significant intraperitoneal haemorrhage. Most follicular 
and corpus luteum cysts resolve spontaneously. The vast majority 
of patients will require ultrasound follow-up alone. A minimum of 
2 to 3 months or menstrual cycles of ultrasound follow-up has been 
suggested by some; other authors recommend observation for 
longer periods of time in the asymptomatic patient.47 Large cysts 
that do not resolve are at higher risk of torsion and haemorrhage. 
Complex cysts in the adolescent are most often due to haemorrhage 
into a functional cyst (see below) but excluding neoplasia (most 
usually a benign mature ovarian teratoma) is difficult by imaging 
alone. If AFP and β-hCG levels are normal then the risk of malig-
nancy is low.46 Surgery is reserved for patients with refractory 
symptoms and non-resolving cysts (large simple cysts and complex 
cyst of any size). Surgery may be laparoscopic or open, ovary  
conserving (cyst aspiration, cystectomy and cyst fenestration)  
or radical.46
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Figure 72.22 Dominant follicular ovarian cyst. Transverse 
sonogram showing a prominent left ovarian follicular cyst which 
resolved on follow-up scan after 4 weeks.

Figure 72.21 Neonatal ovarian cyst. A: Longitudinal postnatal sonogram of an antenatally detected pelvic cyst showing a complex 
thin-walled right adnexal cyst containing a large amount of debris and relatively poor through-transmission. B: Coronal T2-weighted MRI in 
the same patient confirming a right ovarian cyst (arrow) with a large fluid–debris level (study performed without anaesthetic or sedation).

A B

Haemorrhagic ovarian cyst
Complex cysts in the adolescent are most often due to haemorrhage 
into a functional cyst. Bleeding into a follicle can occur during the 
first 2 to 3 weeks of the menstrual cycle or into a luteal cyst at the 
end of the menstrual cycle. Acute, severe lower abdominal or pelvic 
pain coinciding with the mid-cycle is the typical clinical presenta-
tion. Enlarged haemorrhagic cysts are less likely to spontaneously 
resolve, increasing the risk of intraperitoneal rupture or adnexal 
torsion. Cyst rupture may result in significant intraperitoneal haem-
orrhage and hypovolaemic shock.

Ultrasound findings depend on the age of haemorrhage within 
the cyst (Fig. 72.23). Acute intracystic haemorrhage may appear 

isoechoic to ovarian stroma resulting in apparent uniform ovarian 
enlargement. Recent cyst haemorrhage may contain numerous thin 
echoes and shows increased through-transmission (comparable to 
transmission seen through the urinary bladder) reflecting the 
underlying cystic structure. Other described sonographic findings 
that suggest haemorrhage into a cyst include a complex heterogene-
ous mass, changes associated with clot retraction/lysis, fluid–debris 
level, septa, calcification in the cyst wall and pelvic free fluid.48 
Complex cysts in the adolescent girl should always raise concern 
for dermoid cysts or other neoplasms. Differentiating a haemor-
rhagic cyst from a tumour or endometrioma is often difficult.

Paraovarian cysts
Paraovarian cysts are not true ovarian masses. They arise from 
mesothelial, mesonephric (Wolffian) or paramesonephric (Mülle-
rian) structures adjacent to a normal ipsilateral ovary (Fig. 72.2). 
They usually occur in the mesosalpinx between the ovary and fal-
lopian tube. The cysts are thin-walled and anechoic. Paraovarian 
cysts are difficult to correctly identify prospectively by transab-
dominal ultrasound.49 More recently transvaginal scanning has 
been advocated in differentiating paraovarian cysts, hydrosalp-
inges and peritoneal inclusion cysts,50 although this is not appropri-
ate in most children. MRI can obviate the need for TV scanning in 
sonographically indeterminate adnexal masses.51

Ovarian neoplasms

Ovarian neoplasms are extremely rare, accounting for less than 1% 
of all paediatric tumours. Approximately half of all lesions of the 
ovary in childhood are neoplastic. Only a small proportion (10–
30%) of neoplastic lesions contain malignant elements.

Primary paediatric ovarian tumours can be categorised into three 
broad groups based on the cell type of origin:52

n Germ cell tumours predominate and may be further 
subdivided based on the differentiation of the malignant cells 
(teratoma is the most common subtype) (Fig. 72.24).
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Figure 72.23 Haemorrhagic ovarian cyst. A: Longitudinal sonogram in a 16-year-old girl showing fluid–debris level in the left adnexa. 
B: Oblique sonogram in another 16-year-old girl presenting with suspected acute appendicitis showing a right ovarian fluid–debris 
level. Both scans show that lesions show reasonable through-transmission and posterior acoustic enhancement suggestive of an 
underlying cyst.

A B

Figure 72.24 Ovarian dermoid. A: Transverse sonogram in a 
15-year-old girl with prior right malignant ovarian germ cell tumour 
revealing an echogenic focus (arrowhead) corresponding to fat in 
the left ovary (arrow); serum alpha-fetoprotein was not elevated.  
B: Axial contrast-enhanced CT in the same patient showing a 
fat-containing left ovarian dermoid lesion (arrow). C: Long-term 
follow-up axial T2-weighted MRI image showing stable appearances 
in the left adnexa (arrow).
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Figure 72.25 Ovarian sex cord stromal tumour. Longitudinal 
colour Doppler sonogram showing a part solid, part cystic left 
ovarian tumour.

Figure 72.26 Malignant germ cell tumour. A: Longitudinal sonogram showing a mixed echotexture mass lesion found to occupy most 
of the abdomen and pelvis. The bright echogenic areas represent calcification, intermediate echogenic areas correspond to fat and smaller 
echo-poor areas represent cyst or necrosis reflecting that the tumour arises from all three germ cell layers. B: Coronal reformatted image 
from a contrast-enhanced CT showing the large abdominopelvic mass lesion and ascites.

A B

are malignant and these are associated with elevated serum AFP 
levels. Ultrasonically they can have a characteristic appearance, 
with highly reflective areas of calcification from teeth and bone, 
hyperechoic fat and hypoechoic cystic areas. Fat–fluid levels may be 
seen. Occasionally teratomas are predominantly solid (Fig. 72.26). 

n Epithelial cell tumours (thecomas, fibromas, gonadoblastomas, 
serous and mucinous cystadenoma and malignant serous or 
mucinous cystadenocarcinoma), which are most common in 
adults but only account for approximately 15% of ovarian 
tumours in children and are extremely rare prior to menarche.

n Sex-cord stromal tumours (granulosa theca cell tumours and 
Sertoli–Leydig cell tumours) are tumours of low malignant 
potential which account for approximately 15% of ovarian 
tumours (Fig. 72.25).

Rarely, ovarian tumours may be functional hormone-secreting 
tumours such as granulosa theca tumours associated with  
pseudoprecocious puberty and andrenoblastoma associated with 
virilisation. Leukaemia, lymphoma, mesothelioma, metastatic neu-
roblastoma and gonadoblastoma account for the small remaining 
group of tumours.

Whatever the tumour type, most patients will present with local-
ised disease. Common presenting symptoms are fairly non-specific 
and include abdominal pain and fullness. A palpable mass may be 
present. A degree of urinary tract and gastrointestinal obstruction 
is seen if the tumour is sufficiently bulky. Acute pain should alert 
the clinician to the possibility of associated ovarian torsion or recent 
tumoral haemorrhage.

Germ cell tumours – teratomas
Benign cystic teratomas are the most common ovarian tumours. 
Teratomas may be mature, immature or malignant. In general, the 
greater the proportion of immature elements the more aggressively 
the tumour is likely to behave locally. The risk of a malignant ter-
atoma is greater the younger the child. Around 30% of teratomas 
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regional lymph nodes for nodal spread and the solid viscera of the 
abdomen to look for hepatic metastases. Pelvic rhabdomyosarcoma 
will usually present as a heterogeneous soft tissue mass within the 
vagina or uterus (Fig. 72.27). The solid portions will show colour 
flow. The hypoechoic regions correspond to areas of ulceration, 
haemorrhage and necrosis. Obstructing lesions can lead to a build-
up of fluid in the uterine cavity. Ultrasound is a very useful screen-
ing tool but is insufficient for accurate local staging, which will 
require MRI with its multiplanar capabilities and superior soft 
tissue contrast resolution. Following a tissue diagnosis other staging 
investigations are required, including CT scan of the thorax and 
bone scan to look for distant metastases. Treatment relates to 
tumour stage and ranges from local excision of the tumour to 
radical hysterectomy with pelvic exenteration following neo-
adjuvant chemotherapy with or without radiotherapy or 
brachytherapy.55

Other malignant tumours
Clear cell carcinoma of the cervix and vagina is a very rare tumour 
in the paediatric population. Many of these tumours were associ-
ated with prior maternal intrauterine diethylstilbestrol exposure. 
These tumours present in similar fashion to rhabdomyosarcoma 
and are sonographically indistinguishable.

Endodermal sinus tumour (yolk sac tumour) of the vagina is an 
extremely rare and highly malignant form of germ cell tumour that 
is found exclusively in children less than 3 years of age.56

Pelvic pain

Gynaecological causes of pelvic pain
Lower abdominal and pelvic pain is a common indication for ultra-
sound examination in the paediatric population. Pelvic pain in  
children is often a fairly non-specific clinical symptom. Adnexal 
pathology seen commonly in adults is becoming much more preva-
lent in adolescents. The sonographer should keep in mind the pos-
sibility of pregnancy (ectopic or otherwise), tubo-ovarian abscess as 
a complication of pelvic inflammatory disease and endometrioma 
in the differential of pelvic pain or adnexal mass lesion in the ado-
lescent. These topics are covered in detail in the relevant adult 
chapters (see Chapters 35 and 39).

Adnexal torsion
Adnexal torsion (ovarian, tubo-ovarian or tubal) is defined as 
partial or complete rotation of the ovarian vascular pedicle result-
ing in obstruction to venous outflow, lymphatic circulation and 
arterial inflow. If this persists, arterial perfusion eventually becomes 
sufficiently compromised resulting in adnexal infarction. Tubo-
ovarian torsion is an uncommon surgical emergency that may occur 
in both pre- and postmenarchal girls. The presenting signs and 
symptoms are frequently non-specific. The condition mimics other 
causes of acute abdomen and delays in diagnosis and treatment are 
not uncommon.

Ovarian torsion can be associated with a lead point such as a 
physiological cyst or tumour. Ovarian cysts usually occur during 
menarche or in the first year of life. Tumour associated with torsion 
is typically seen in adolescents, most commonly a benign mature 
cystic teratoma. In-utero torsion is not usually associated with an 
identifiable lead point.

Ultrasound is the mainstay of imaging in the evaluation of 
ovarian torsion. Ultrasound enables identification of a lead point 
and provides real-time functional information concerning per-
fusion. The role of imaging is in establishing a prompt diagnosis 
ultimately leading to timely surgical treatment. Surgical manage-
ment may be conservative with ovarian detorsion for a viable ovary 
or radical with adnexectomy for established adnexal infarction.57

In general tumour markers and imaging are sufficient to make the 
diagnosis. Surgical treatment is dependent on the risk of malig-
nancy. Resection of a benign mass with ovarian conservation is the 
treatment of choice, preserving chances for future fertility.53

Other malignant tumours
The sonographic appearances of ovarian tumours are heterogene-
ous. Most benign tumours are complex masses that are hypoechoic 
with avascular peripheral mural nodules, which may mimic acous-
tic shadowing. Malignant tumours are complex, often vascular soft 
tissue masses with central necrosis (Fig. 72.25). Other features of 
malignancy include ill-defined and irregular borders with thick 
septa or papillary projections. Other than ovarian teratoma none of 
the ovarian tumours can be reliably differentiated from a haemor-
rhagic or torted ovarian cyst.

The overall role of ultrasound in the assessment of pelvic masses 
is principally to delineate the size, extent and organ of origin of the 
pelvic mass. Ultrasound enables evaluation of the contralateral 
ovary, the omentum, and is useful in evaluating for local nodal 
spread and for hepatic metastases. Pelvic free fluid in the pouch of 
Douglas and ascites are well seen on ultrasound. Complications 
such as hydroureteronephrosis can also be accurately depicted. In 
addition to ultrasound, preoperative cross-sectional imaging is 
required for staging purposes and may include contrast-enhanced 
computed tomography (CT) or MRI. MRI is particularly useful in 
assessing local disease extent and cystic lesions but CT remains a 
valid technique to evaluate solid lesions and to assess for nodal 
disease, omental involvement and distant metastases. If imaging 
suggests locally invasive disease then preoperative chemotherapy 
is recommended prior to surgery. Intraoperative staging remains 
the current gold standard.53

Vaginal and uterine tumours

Rhabdomyosarcoma
Rhabdomyosarcoma is the most common malignant neoplasm of 
the lower female genital tract during childhood and adolescence, 
accounting for approximately 4–6% of all malignancies in this age 
group. The peak incidence is bimodal, with an initial peak between 
2 and 6 years of age and a further peak in the second decade of life.

Presenting symptoms may include vaginal discharge or irregular 
vaginal bleeding. Tumour can also present as a prolapsing fleshy 
mass at the introitus. Vaginal lesions have a better prognosis than 
cervical lesions. Outcome is dependent upon tumour size, local 
extent at the time of presentation and histological subtype; embryo-
nal is the most common subtype with the most favourable outlook. 
The botryoid variant of embryonal rhabdomyosarcoma often 
presents in infancy as a submucosal polypoidal mass, arising from 
the vagina or urinary bladder and rarely from the uterine cervix. 
The usual location is the anterior vaginal wall just below the  
cervix. The typical appearances are of a polypoidal mass resembling 
a cluster of grapes within a hollow structure.54

The role of ultrasound is to delineate the size, extent and vascu-
larity of tumour mass. Ultrasound is also useful for evaluating the 

The role of ultrasound in evaluation of pelvic masses

• Principal role is as a screening tool and long-term imaging 
surveillance in treated patients.

• Define echotexture; origin, extent and relationship of mass to 
normal pelvic structures.

• Delineate complications such as urinary tract obstruction and 
hydrocolpos.

• Detect local lymph node involvement.
• Evaluate distant spread: hepatic metastases.



Uterus and ovaries

1489

uterus; in turn adjacent adnexal structures may also become  
compromised. The uterus will often deviate towards the  
affected ovary.

Colour Doppler imaging can be useful in assessing ovarian via-
bility. Preservation of central venous flow in tubo-ovarian torsion 
has been reported to be an indicator of ovarian viability.60 The 
presence of intraovarian flow may indicate the affected ovary is  
still viable, particularly if central; however, intraovarian arterial 
flow cannot exclude torsion. The ovary may also receive collateral 
supply from the uterine artery. The presence of intraovarian artery 
flow may simply reflect acute, intermittent or partial torsion result-
ing from initial occlusion of the ovarian vein without compromise 
of arterial inflow. Absence of arterial flow in the twisted vascular 
pedicle may indicate that the ovary is not viable but is not a reliable 
finding.58

Pelvic free intraperitoneal fluid results from lymphatic and 
venous congestion or haemorrhagic infarction with intraperitoneal 
haemorrhage.

The sonographic findings in tubo-ovarian torsion are dependent 
upon:

n the degree of vascular compromise
n presence of a lead point.

The most consistent finding in ovarian torsion is the presence 
of a unilateral enlarged ovary with or without a solid hypoechoic 
or hyperechoic adnexal mass (Figs 72.28 and 72.29). Ovarian 
enlargement occurs due to congestion. The volume ratio of the 
torted adnexa compared to that of the normal side can predict if 
there is an underlying ovarian mass which may potentially be the 
lead point of the torted ovary.58 Multiple peripheral cortical folli-
cles (8–12 mm in size) in an enlarged ovary are an uncommon but 
highly specific sign of ovarian torsion and are thought to relate to 
vascular compromise causing transudation of fluid into the folli-
cles.59 A torted ovary may be normal, particularly in younger chil-
dren. Torsion of the ipsilateral fallopian tube usually appears as 
an echogenic tubular structure leading from the ovary to the 

Figure 72.27 Vaginal rhabdomyosarcoma. Two-year-old girl presenting with vaginal bleeding and fleshy material bulging the introitus. 
A: Transverse sonogram and (B) transverse colour Doppler image showing a pelvic heterogeneous mass lesion with colour Doppler flow 
thought to be within distended uterus or vagina. C, D: Sagittal T2 (C) and coronal T1 (D) post intravenous gadolinium MR confirming an 
enhancing vaginal mass.

A B
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Vaginal bleeding or discharge in the absence of pubertal develop-
ment may be due to the presence of vaginal trauma or foreign body. 
Ultrasound will often demonstrate a retained vaginal foreign body 
either directly as acoustic shadowing or indirectly with slight 
indentation on the posterior wall of the urinary bladder.61 Under 
most circumstances direct visualisation will normally be required 
if a foreign body is suspected. The main role of ultrasound is  
to exclude a significant lesion such as gynaecological tract 
malignancy.

PAEDIATRIC TESTIS

Ultrasound is well established in the assessment of scrotal abnor-
malities in the adult and paediatric population. The most common 
clinical manifestations in the male child are pain, swelling, palpable 
mass or ‘redness’. Ultrasound provides an objective assessment and 
allows selection of patients that need urgent treatment.

Ultrasound imaging technique

No preparation is required for imaging the genitourinary tract  
in the paediatric population. The patient is supine with a towel 
supporting the scrotal sac in the older child. The testes are readily 
examined using a linear high-frequency transducer with a suitable 
footprint, with copious amounts of warm ultrasound gel. The 
scrotal contents are examined with both B-mode and colour Doppler 
ultrasound.

Normal anatomy of the testis

The testis should always be present in the scrotal sac. On occasion 
a retractile testis may be seen at the external inguinal ring area; it 
is important to distinguish it from a distal inguinal canal unde-
scended testis. The normal testis is of medium level reflectivity, 
with the epididymis seen as a separate entity and of slightly higher 
reflectivity. Testicular echogenicity increases with the development 
of germ cell tissue, usually after 8 years of age. The tunica albuginea 
appears as a thin high reflective line surrounding the testis and the 
mediastinum testis is a thin high reflective line coursing across the 
testis (Fig. 72.30). The appendix testis and appendix epididymis 
may be identified in the presence of a hydrocele. Colour Doppler 
flow depicting the intra-testicular vessels is not always present in 

Non-gynaecological causes of pelvic pain
Appendicitis, appendix abscess, inflammatory bowel disease from 
Crohn’s disease, renal colic and Meckel’s diverticulum are impor-
tant and relatively common non-gynaecological causes of right iliac 
fossa pain. These topics are covered in much greater depth in the 
paediatric gastrointestinal and renal imaging sections of this book 
(see Chapters 70 and 71).

Vaginal discharge

Vaginal bleeding in the neonate is unusual. Maternal hormones can 
stimulate endometrial hypertrophy, seen on ultrasound as a promi-
nent midline endometrial stripe which is then shed once maternal 
hormonal influence subsides. The diagnostic yield of pathology 
from ultrasound in these patients is very low. A normal ultrasound 
examination confirming a lack of ovarian and adrenal pathology 
with a normal sized uterus should be reassuring to all concerned. 
Follow-up is not required unless symptoms persist.

Figure 72.28 Ovarian torsion. Oblique sonogram in 14-year-old 
girl presenting with acute right iliac fossa pain showing an enlarged, 
echogenic, adnexal mass with a small peripheral follicle (arrow). 
Intralesional colour flow was not seen. This was later confirmed at 
laparoscopy to be a torted ovary.

Figure 72.29 Neonatal ovarian torsion. Transverse sonogram 
showing a complex ovarian cyst. An antenatal torsion may show a 
calcific focus in the wall of the cyst.

Figure 72.30 Normal testis. The ‘spectacle’ view of the testes in 
a pubertal boy demonstrating the mid-level reflectivity. The 
mediastinum testis (arrow) is seen, with some prominence of the 
rete testis; a normal appearance.
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Figure 72.32 Hydrocele. The right testis is outlined by anechoic 
fluid (arrow), representing a hydrocele.

Inguinal-scrotal hernia
The passage of intestinal loops or omentum or both into the scrotal 
sac constitutes an inguinal-scrotal hernia, more common on the 
right. Clinical findings are normally conclusive; ultrasound may be 
reserved for difficult cases. The ultrasound features of omentum are 
those of a highly reflective structure whereas loops of bowel may 
demonstrate peristalsis.68

Congenital torsion
Prenatal torsion of the testis is rare, with a necrotic testis present at 
birth. On ultrasound, the affected testis may be small and highly 
reflective or enlarged and of low reflectivity, containing multiple 
cystic spaces.69 There may be an associated simple anechoic or 

the normal infant testis, and is more reliably detected as the testicu-
lar volume increases at puberty.62,63

Congenital anomalies

Cryptorchidism
Failure of the normal descent of the testes through the inguinal 
canal during the seventh month of intrauterine life is a common 
problem in male infants, which manifests as a unilateral or bilateral 
empty scrotum.64 The undescended testis may lie anywhere along 
the line of descent. The incidence is estimated at 3–4% of full-term 
male births rising to 30% in premature male births, falling to 0.8% 
at one year; 80–90% will be in the inguinal canal and in 10% of cases 
both testes are affected (Fig. 72.31). Complications that arise with 
the undescended testis include testicular atrophy, infertility and an 
increased incidence of malignant change. Ultrasound may be used 
to search for the undescended testis lying at or near the inguinal 
canal but is less successful in locating an intra-abdominal testis; 
MRI should be used for localising an intra-abdominal testis.65,66 The 
kidneys should also routinely be imaged to assess for urological 
anomalies as there is an association with duplex collecting systems, 
renal agenesis, hypoplasia and malrotation.

Hydrocele
This is the most common cause of a scrotal mass in an infant; it may 
be either congenital or acquired and unilateral or bilateral (Fig. 
72.32). Acquired hydroceles may be secondary to inflammation, 
trauma, torsion or tumour and usually occur in the older child. In 
the younger child, at closure of the processus vaginalis, a variable 
amount of fluid may be trapped between the visceral and parietal 
layers of the tunica vaginalis, forming a stable hydrocele. The fluid 
should be anechoic and unilocular; debris and septations suggest 
an inflammatory or traumatic aetiology. With a persistent patent 
processus vaginalis the hydrocele may vary in size, requiring 
surgery to close the patent processus vaginalis. A stable hydrocele 
usually reabsorbs before the age of 2 years. In rare cases, a painful 
hydrocele may be the presenting symptom of appendicitis if a per-
sistent patent processus vaginalis allows pus to track down into the 
scrotal sac.67

Figure 72.31 Inguinal testis. A: An oval-shaped mid-level reflectivity undescended testis (between cursors) lying in the left inguinal canal. 
B: A low reflective oval-shaped inguinal testis (arrow); the testis has infarcted and is no longer viable with total absence of colour Doppler 
flow signal.

A B
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Varicocele
A varicocele is an abnormal dilatation of veins in the pampiniform 
plexus, mostly found on the left in older children over the age of 9 
years.73 A cause must be sought in the younger child (Fig. 72.34). 
On ultrasound the veins appear as anechoic tubular structures 
along the spermatic cord, with reflux demonstrated on colour 
Doppler during the Valsalva manoeuvre. A varicocele may cause 
testicular growth arrest74 and treatment may be indicated.

Acute scrotum

Ultrasound of the scrotal sac and its contents can be extremely dif-
ficult in the child presenting with pain. The asymptomatic side 
should be examined first to obtain the child’s confidence and a 
baseline image for comparison with the affected side.

Epididymo-orchitis
Inflammation of the epididymis is normally the consequence of 
infection, but may arise following trauma, reactive to spermatic 
cord torsion or testicular appendage torsion.75 The epididymis is 
enlarged and of high reflectivity on ultrasound with an increase in 
colour Doppler flow76 (Fig. 72.35). Isolated orchitis is rare, often 
causing irregular areas of low reflectivity within the testis. Isolated 
orchitis is normally associated with the mumps virus, whereas 
infection of the epididymis often spreads to the testis resulting in 
epididymo-orchitis and is bacterial in origin.77 Epididymo-orchitis 
following bacterial infection in sexually active boys, if florid and 
untreated, may be complicated by abscess formation and testicular 
infarction. Renal anomalies such as a duplex collecting system with 
insertion of the ectopic ureter into the vas deferens or seminal vesi-
cles must be excluded.78

Spermatic cord torsion
Spermatic cord torsion occurs most commonly in infants and ado-
lescents, 12–18 years of age. The testis rotates like a ‘bell-clapper’ 
due to a narrow mesenteric attachment extending from the sper-
matic cord to the testis and epididymis.79 Only 30% of boys who 
present with acute scrotal pain will have spermatic cord torsion, as 

Figure 72.33 Testicular microlithiasis. Bilateral testicular 
microlithiasis seen as foci of high reflectivity without the presence of 
acoustic shadowing (arrows).

Figure 72.34 Varicocele and tumour. A: The left testis (arrowhead) is normal with evidence of dilatation of the veins at the level of the 
left pampiniform plexus (arrow) in a child 4 years of age complaining of scrotal pain. B: Ultrasound of the left flank demonstrates a large 
heterogeneous mass (arrow) arising from the left kidney (arrowhead), causing obstruction of the pelvicalyceal system; a nephroblastoma.

A B

complex mixed reflective hydrocele. An inguinal hernia is invari-
ably present. Increased blood flow is seen within the periphery of 
the scrotum, with no flow demonstrated in the testis on colour 
Doppler ultrasound.

Cystic dysplasia
Cystic dysplasia is a rare congenital anomaly. Multiple irregular 
anechoic cystic spaces can be seen along the mediastinum testis  
on ultrasound.70,71 As with most congenital testicular disorders, 
the renal tracts must be examined. Cystic dysplasia is associated 
with ipsilateral renal agenesis, renal duplication and multicystic 
dysplastic kidney.69

Testicular microlithiasis
Testicular microlithiasis is asymptomatic and is an incidental 
finding on ultrasound (Fig. 72.33). The areas of microcalcification 
appear as bright non-shadowing foci. There is an association of 
testicular microlithiasis with cryptorchidism, alveolar microlithia-
sis, Klinefelter syndrome and primary malignancy of the testis. 
Ultrasound surveillance has been suggested.72
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Figure 72.37 Torsion of an appendix testis. A high reflective 
appendix testis (arrow) surrounded by fluid-containing echogenic 
debris in a child with intermittent scrotal pain.

help.62,63 Intermittent torsion and incomplete torsion may produce 
normal, increased or decreased blood flow on Doppler ultrasound. 
Ultrasound is not therefore always reliable in diagnosing testicular 
torsion and care must be taken in dismissing the diagnosis in the 
child who presents with an acutely painful scrotum and has a 
normal ultrasound.79

Torsion of the testicular appendix
The appendix testis lies at the upper pole of the testis in the groove 
between the testis and head of the epididymis and is best seen in the 
presence of a hydrocele (Fig. 72.37). The appendix measures between 
1 and 7 mm in length and is of similar reflectivity to the epididymal 
head.83 Torsion of the testicular appendix is more common than 
testicular torsion, occurring in boys between the ages of 3 and 13 
years.84 Patients present with pain at the upper aspect of the testis, 
with a small bluish nodule; the ‘blue-dot’ sign. In torsion of the 
appendix, ultrasound of the testis is normal with low resistance arte-
rial blood flow on Doppler ultrasound. Often there is an inflamma-
tory reaction in the epididymis, which is enlarged, and hyperaemic.85 
The appendix itself tends to be of higher reflectivity although 30% 
are of reduced reflectivity with a surrounding reactive hydrocele.86 
No surgical intervention is required and the condition settles.

Testicular trauma
Testicular trauma results from a direct blow to the testis, from 
sporting activity, straddle accident or a motor vehicle accident (Fig. 
72.38). Ultrasound appearances are variable depending on the 
extent of injury. Extra-testicular haematomas may be large and of 
high reflectivity in the acute stage, becoming smaller and anechoic 
with time. An intra-testicular haematoma may be high or low reflec-
tive, depending on the age, often associated with a complex hetero-
geneous haematocele.87 If the margins of the testis are poorly 
defined, a testicular rupture may be present which requires surgery 
to repair the disordered tunica albuginea.88

Scrotal tumours

The prevalence is estimated at 2.0 cases per 100 000 boys manifest-
ing as a painless swelling. Ultrasound is able to distinguish the 
location of the tumour as intra-testicular or extra-testicular. The 
most common extra-testicular tumour is a rhabdomyosarcoma and 
the most common intra-testicular tumour is a yolk sac tumour. 
Intra-testicular tumours account for 1% of all solid paediatric 
tumours and peak before the age of 3 years.89

a cause, requiring surgery. Early surgery is the preference rather 
than relying on imaging to differentiate between spermatic cord 
torsion and other causes of acute scrotal pain; testicular salvage is 
more likely if the patient is treated within 6 hours.80 Ultrasound 
appearances are variable depending on the duration of symptoms 
and the degree of twisting of the spermatic cord. In the early phase 
(<24 hours’ duration) the epididymis and testis are enlarged and 
blood flow within the affected testicle may be absent or reduced. 
After 24 hours, no blood flow is seen on colour Doppler ultrasound, 
and the testis becomes of high reflectivity and heterogeneous due 
to haemorrhage and infarction81 (Fig. 72.36).

In the paediatric population the ultrasound diagnosis of testicu-
lar torsion is even more problematic than in the adult patient.82 
There is often asymmetry in the blood flow in the normal underde-
veloped testes and comparison with the unaffected side may not 

Figure 72.35 Acute epididymitis. An ultrasound image of the tail 
of the epididymis (arrow) in a child with a painful scrotum 
demonstrating a thickened epididymal tail.

Figure 72.36 Testicular torsion. A heterogeneous enlarged testis 
(arrow) with a small hydrocele (arrowhead) in a patient with scrotal 
pain of 24 hours’ duration. There is no colour Doppler signal 
present in the testis.
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that invades the epididymis and testis with increase in colour 
Doppler flow. Long-term survival is best in patients under the age 
of 10 years with disease confined to the scrotum92 and depends on 
histological type.

Other extra-testicular tumours

Epididymal benign tumours in children include epididymal cysts, 
spermatocele and adenomatoid tumours. The latter is rare in chil-
dren, often seen as a smooth mass in the poles of the epididymis, 
with colour Doppler flow identified.

Systemic disease with scrotal involvement

In children, Henoch–Schönlein purpura may cause acute pain sec-
ondary to haemorrhagic orchitis seen on ultrasound as non-specific 
bilateral focal hyporeflective areas, scrotal wall thickening, epidi-
dymal enlargement and a reactive hydrocele.93 Clinical history and 
presence of purpura suggests the diagnosis, with up to 37% testicu-
lar involvement reported. Acute haemorrhagic oedema of infancy 
presents with similar findings seen in Henoch–Schönlein purpura 
but affects children less than 2 years of age. Acute idiopathic scrotal 
oedema occurs as a sudden onset of a painful swollen scrotum in 
children between 4 and 7 years which resolves spontaneously. 
Ultrasound demonstrates thickening of the scrotal wall, with 
increased colour Doppler flow but with normal underlying testis 
and epididymis.94

Intra-testicular tumours

Germ cell tumours

Germ cell tumours, which are divided into seminomatous and non-
seminomatous, are the commonest primary testicular tumours. 
Seminomatous tumours are rare in children, whereas 80% of  
non-seminomatous tumours present in children under the age of 2 
years.90,91 A yolk sac tumour (infantile embryonal carcinoma) pro-
duces alpha-fetoprotein (AFP) exclusively and is the most common 
cell type in children. On ultrasound, the testis may be enlarged or 
the tumour may appear as a focal low or high reflective mass (Fig. 
72.39). Focal or diffu se areas of increased vascularity may also be 
seen along with cystic change as a consequence of areas of necrosis. 
Teratoma is the next most common tumour in children, benign in 
the prepubertal child and allowing tissue-sparing surgery, but 
malignant in the adolescent and requiring orchidectomy.

Non-germ cell tumours

Leydig cell tumours are the most common stromal tumour. The 
peak age for presentation is 4 years and these children tend to 
present with precocious puberty. Sertoli cell tumours usually 
present around 18 months and tend to be benign.

Lymphoma and leukaemia

Less than 10% of testicular tumours are metastatic deposits, most 
commonly from lymphoma or leukaemia. Primary testicular lym-
phoma is very rare. The testes are enlarged with infiltration dif-
fusely or focal hypoechoic in nature; often imaging is non-specific.

Extra-testicular tumours

Rhabdomyosarcoma

A rhabdomyosarcoma is a malignant tumour which may involve 
the spermatic cord, epididymis or testis. The majority occur in the 
first two decades of life, and appear as a low reflective solid mass 

Figure 72.38 Testicular trauma. There is disruption to the normal 
contour of the lower aspect of the right testis (arrow) in a child with 
a straddle injury. Surgical exploration demonstrated disruption to 
the tunica albuginea.

Figure 72.39 Testicular tumour. A focal testicular lesion (arrow) 
in the lower aspect of the testis representing a yolk sac tumour.

Testis

• Ultrasound is not successful in locating the intra-abdominal testis.
• Hydrocele is the commonest cause of a scrotal mass in the 

infant.
• Ultrasound diagnosis of testicular torsion is difficult in the 

paediatric population.
• Torsion of the testicular appendix is more common than testicular 

torsion.
• Germ cell tumours may present at ultrasound with a focal mass 

or a diffusely enlarged testis.
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Musculoskeletal imaging with ultrasound is now a well-recognised 
technique used by both radiologists and sonographers.

In the paediatric setting the absence of ionising radiation and the 
ability to visualise soft tissues and joints make this a useful tool in 
the assessment of a number of musculoskeletal pathologies.

TECHNIQUE

When scanning children it is often necessary to be opportunistic in 
order to acquire the best images. Children can be unpredictable and 
uncooperative and, although it is important to have a routine for 
scanning an area, it is also important to recognise areas of interest 
beyond the area in focus. This allows the assessment of pathology 

Caren J. Landes

as early as possible during the scan before the infant or child 
becomes restless.

For superficial musculoskeletal imaging it is appropriate to use 
the highest frequency transducer available; usually this is in the 
form of a 17 MHz probe. A small footprint transducer, often known 
as a ‘hockey stick’ probe and usually with a frequency of 15 MHz, 
can be invaluable in paediatric imaging.

For older children and for the visualisation of deeper structures 
a lower-frequency transducer may be useful.

Other considerations during scanning should be the application 
of colour Doppler and in some instances pulsed wave. The use of 
extended field-of-view settings that allow the operator to visualise 
an area larger than the footprint of the transducer has uses in the 
limbs in particular.

There should also be the capacity to perform measurements, such 
as lengths, volumes and angles, including hip angles in the assess-
ment of developmental dysplasia of the hip (DDH).

HIPS

Developmental dysplasia of the hip (previously congenital dyspla-
sia of the hip) is a term applied to abnormal development of the  
hip joint.

In the normal hip the femoral head lies within the acetabulum as 
a ball in socket joint. In developmental dysplasia the acetabulum is 
poorly developed, resulting in a less secure joint. The femoral head 
becomes mobile within the joint and may be subluxed or com-
pletely dislocated.

Infants with clicky hips at the neonatal assessment according to 
a Barlow or Ortolani test (Fig. 73.1) should be screened for DDH, 
as should other infants with risk factors for DDH (Table 73.1).

Girls are three times more likely to be affected than boys and the 
left hip is four times more likely to be affected than the right (prob-
ably related to the left occiput anterior fetal lie in utero).1

Early detection and intervention has been shown to dramatically 
improve outcome and in 1969 a national UK screening programme 
was introduced to clinically assess at-risk infants.2–4

The femoral head is unossified in infants and starts to ossify 
between 6 and 12 months of age.

Plain radiography will demonstrate the ossified portion of the 
acetabulum, but will not show the unossified femoral head, and it 
is widely recognised that ultrasound is the best method for assess-
ment of DDH.

Ultrasound will show the non-ossified cartilage of the femoral 
head and its relationship to both the ossified and unossified com-
ponents of the acetabulum. It also allows multiplanar and dynamic 
assessment of stability (Fig. 73.2).

Unfortunately once the femoral head begins to ossify and causes 
acoustic shadowing, ultrasound becomes less useful.

There is, however, no universally agreed method for hip ultra-
sound. At least two methods are available as described by Graf5 
and Harcke.6



CHAPTER 73 • Paediatric musculoskeletal imaging

1498

Clinical examination of the infant hip  
(Fig. 73.1)

Barlow test
The hip is held in flexion with the leg abducted. In this position, 
posterior pressure (push) is applied to determine whether the hip 
moves posteriorly out of the acetabulum, thus indicating 
instability.

Ortolani test
The hip is held in flexion with the leg abduction. In this position 
anterior pressure (pull) is applied to the hip. Movement of the hip 
over the acetabulum indicates a dislocated hip and assesses 
reducibility.

Ultrasound examination of the infant hip

In infants under 6 months of age a high-frequency linear array 
transducer should be used. This is often a broadband frequency 
such as 12 MHz.

Graf technique
This requires a practised technique and is not to be undertaken 
sporadically by untrained operators.

Graf assessed acetabular morphology and devised a classification 
system based on the angles of inclination of the bony and 

It is acknowledged that ultrasound is operator dependent and it 
is important that the operator involved in the screening programme, 
whether it be a radiologist or a sonographer, is performing hip scans 
on a frequent, regular basis.

Sonographic anatomy

In infants the hyaline cartilage of the femoral head is echo-poor 
with fine vascular echoes throughout. The ossification centre of the 
femoral head is visible on ultrasound several weeks before it can 
be demonstrated radiographically,6 although the age of ossification 
can vary widely.

In the normal hip, the femoral head should be seated within the 
bony acetabulum formed by the ossification centres of the ilium, 
ischium and pubis, which are separated by the triradiate cartilage 
(Fig. 73.2).

This cartilaginous roof is predominantly echo-poor hyaline car-
tilage except for a small reflective fibrocartilaginous tip.7 The 
iliofemoral ligament and hip joint capsule cannot generally be sepa-
rated on ultrasound and appear as a common reflective band lateral 
to the femoral head.

Sometimes curvilinear echoes can be seen outlining the capital 
femoral epiphysis during movement of the hip. This is thought to 
represent small bubbles of nitrogen within the joint space (the 
vacuum phenomenon).8

Figure 73.1 The position of the infant and examiner for the 
Barlow/Ortolani test.

Figure 73.2 Ultrasound of the normal hip showing the femoral 
head within the joint and the landmarks for the measurement of the 
alpha angle.

Table 73.1 Risk factors for developmental dysplasia of 
the hip (DDH)

Breech presentation
A family history of DDH
Oligohydramnios
Talipes
Spinal dysraphism
Arthrogryposis
Generalised ligamentous laxity
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Table 73.2 Ultrasound assessment of the infant hip

Technique Assessment Classification

Graf Static Bony/cartilaginous roofs
Modified 
Graf

Static Bony/cartilaginous roofs
Femoral head is centred 
within the acetabulum

Harcke Dynamic Position and stability of 
femoral head

Terjesen Dynamic Femoral head coverage

cartilaginous roofs.5,9,10 Graf recommends that the baby is supported 
in a lateral decubitus position using a special cradle. The hip is 
positioned in approximately 20° of flexion and slight internal rota-
tion: this represents the neutral position for an infant and brings the 
femoral head, neck, greater trochanter and acetabulum into the 
same plane (Fig. 73.3). The transducer is positioned over the greater 
trochanter and held parallel to the cradle and long axis of the body 
to obtain a coronal image of the acetabulum showing its maximum 
depth (Fig. 73.3).

Precise positioning is essential to acquire the standard image for 
interpretation.

The cardinal landmarks are:
n the inferior edge of the ilium
n the lateral margin of the ilium projected as a horizontal line
n the acetabular labrum.

The chondro-osseous junction should also be visible as a linear 
echo below the femoral head (Fig. 73.4).

Figure 73.3 The Graf cradle used to support a baby in the lateral 
decubitus position for ultrasound of the hip.

Figure 73.4 A coronal neutral diagram of a developmentally 
mature hip (Graf type I) showing the cardinal landmarks that define 
the standard plane. Gmed, gluteus medius; Gmin, gluteus minimus; 
L, labrum; HC, hyaline cartilage; IL, ilium; TC, triangular cartilage; 
ISC, ischium; GT, greater trochanter; CFE, capital femoral 
epiphysis; COJ, chondro-osseous junction.

Gmed

Gmin
HC

L

GT

CFE

IL

TC

ISC

COJ

Figure 73.5 Graf’s alpha and beta angles. Diagram showing 
lines drawn on a coronal neutral image of a developmentally mature 
hip to define Graf’s alpha and beta angles.

�

�

The alpha angle (Fig. 73.5)
This measures the depth of the acetabulum.

The baseline is drawn along the straight lateral margin of the 
ilium from the point where the perichondrium meets the ilium and 
a second line is drawn from the inferior point of the iliac bone 
tangential to the bony acetabulum (the bony roof line).

The alpha angle is the angle between these two lines. A small 
alpha angle indicates a shallow acetabulum.

Graf also describes a beta angle between the baseline and the 
cartilaginous roof line, to assess the degree of superior displace-
ment of the femoral head, but this is not commonly measured or 
reported.

The beta angle cannot be measured in a dislocated hip.

Graf type I (Fig. 73.6)
The hip is developmentally mature.

The acetabulum is deep with a steeply inclined bony acetabular 
roof.

The bony roof is well developed with a sharp ossific rim. The 
cartilage roof is long and narrow and extends over the femoral 
head.
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Figure 73.7 Graf type IIa/IIb. The alpha angle is 50–59°. 
The classification is determined by the age of the patient.

Figure 73.8 Graf type IIc. Deficient bony roof. The alpha angle is 
43–49°.

The alpha angle is >60°.
These patients have a described risk of developing dysplasia in 

later infancy, but coexisting hip instability does not appear to be a 
predictive indicator.11

Graf type IIa (Fig. 73.7)
A shallow acetabulum in an infant under 3 months of age may 
simply reflect physiological immaturity.

The bony roof is deficient due to delayed ossification and the 
ossific rim is rounded. The cartilage roof covers the femoral head.

The alpha angle is 50–59°.
A recent meta-analysis revealed that between 84% and 95% of 

these will develop normally without treatment11 within 3 months.

Graf type IIb

Appearances are equivalent to those in Graf IIa in a patient of 
greater than 3 months of age.

A shallow acetabulum in an infant over 3 months of age is con-
sidered to be dysplastic, but stable.

The alpha angle is 50–59°.
This requires referral to the orthopaedic surgeons for treatment.
The appearance is equivalent to Graf type IIa and the age of the 

patient differentiates the types.

Graf type IIc (Fig. 73.8)
The bony roof is deficient with a rounded/flat ossific rim. The 
cartilage roof covers the femoral head.

A shallow acetabulum in an infant of any age where the alpha 
angle is 43–49° requires assessment of stability and immediate 
treatment.

Figure 73.6 Graf type I. The alpha angle is >60° and the hip is 
developmentally mature.
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Graf type D

The bony roof is severely deficient with a rounded/flat ossific rim. 
The cartilage roof is compressed and the hip is at risk of dislocation.

There is a shallow acetabulum with an alpha angle of between 
43° and 49° that is inherently unstable.

Graf types IIIa, IIIb, IV (Fig. 73.9)
The hip is dislocated.

The alpha angle is less than 43°.
The bony roof is deficient with a flat ossific rim. The types are 

differentiated by the position of the cartilaginous roof.

Figure 73.9 Graf type III. The hip is dislocated. The alpha angle is 
<43°. FH, femoral head.

Pitfalls

There are several technical pitfalls to be aware of:
n Slight flexibility of the acetabular labrum occurs in normal 

hips when the femoral head is manipulated and should not be 
mistaken for instability.12

n Anterior angulation of the transducer results in an apparent 
reduction in femoral head coverage.

n Posterior angulation of the transducer results in an apparent 
increase in femoral head coverage.

n Caudocranial angulation of the transducer can make a normal 
hip appear dysplastic.

n Dorsoventral angulation of the transducer results in a concave 
contour of the ilium representing the gluteal fossa.

n It is important to note that although it is possible to make a 
normal hip appear abnormal on ultrasound, it is not possible 
to make an abnormal hip appear sonographically normal.

Modified Graf technique
Rosendahl et al. described a technique where the femoral head is 
centred within the acetabulum on the ultrasound image.11

The Harcke technique
This is a dynamic assessment of the hip with application of stress 
manoeuvres similar to the techniques used during clinical 
examination.6,13

The hip is scanned in the coronal and transverse planes with the 
baby supine.

There are four steps.

Step 1: coronal neutral

This view is equal to the coronal view advocated by Graf but 
Harcke and colleagues advocate a visual subjective assessment 
without the use of specific measurements.6

Step 2: coronal flexion (Figs 73.10 and 73.11)
This view is similar to the coronal neutral view except that the hip 
is flexed to 90°.

The transducer is moved anteriorly and posteriorly relative to the 
standard mid-acetabular plane in order to evaluate the entire hip.

An image is obtained over the posterior lip of the triradiate car-
tilage in which a normally located femoral head is not visible; visu-
alisation of the femoral head implies posterior dislocation.

Table 73.3 Graf classification of hip dysplasia

Graf type Acetabulum Alpha angle Patient age Stability Other

Ia Deep >60° Any Stable Developmentally mature
IIa Shallow 50–59° <3 months Stable Physiological immaturity
IIb Shallow 50–59° >3 months Stable Dysplastic
IIc Shallow 43–49° Any May be unstable
D Shallow 43–49° Any Unstable

TYPES IIIA, IIIB AND IV ARE DISTINGUISHED BY THE APPEARANCE OF THE CARTILAGE ROOF

Graf type Acetabulum Alpha angle Patient age Stability Cartilage roof

IIIa Shallow <43° Any Dislocated Displaced up
Echo-poor

IIIb Shallow <43° Any Dislocated Displaced up
More reflective than femoral head

IV Shallow <43° Any Dislocated Interposed
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Figure 73.12 Normal hip, transverse flexion view. ‘U’ 
configuration of normal transverse flexion view of a neonatal hip. 
FM, femoral metaphysis; CFE, capital femoral epiphysis; P, pubis; 
ISC, ischium.

P

CFEFM

ISC

Figure 73.13 Normal hip, transverse flexion view. A: Transverse flexion view of a normal hip showing ‘U’ configuration. B: Similar view 
in an older baby with visible ossification centre of the capital femoral epiphysis.

A B

With the infant relaxed and the transducer held over the posterior 
lip of the triradiate cartilage, firm but gentle pressure is applied to 
the knee in both an anterior and posterior direction, i.e. a push–pull 
movement.

In an unstable hip the femoral head will appear over the posterior 
lip of the triradiate cartilage with the application of posterior pres-
sure (push).

Step 3: transverse flexion (Figs 73.12 and 73.13)
The baby is moved into a supine oblique position with the hip 
flexed to 90°.

The transducer is held in a transverse plane posterolaterally over 
the hip.

The normal appearance is a ‘U’ configuration with the femoral 
capital epiphysis central to the femoral metaphysis and the ischium.

When dislocated the femoral capital epiphysis cannot be seen 
within the ‘U’.

Figure 73.10 Normal hip. Normal image obtained over the 
posterior lip of the triradiate cartilage in a coronal flexion view of a 
neonatal hip. The femoral head should not be visible. IL, ilium;  
TC, triangular cartilage; ISC, ischium.

TC

ISC

IL

Figure 73.11 Normal hip, coronal flexion view. Normal image 
obtained over the posterior lip of the triradiate cartilage in a coronal 
flexion view.
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The image acquired is of the acetabulum at the centre of the 
triradiate cartilage.

The bony acetabulum consists of the larger ischial portion poste-
riorly and the anterior pubic portion, with the two portions con-
nected by the echo-poor triradiate cartilage. The femoral head is 
normally positioned centrally within the acetabulum with its mid-
point approximately over the triradiate cartilage. There should be 
no echoes between the femoral head and the bony acetabulum.

As with the Graf method, this technique requires skilled, prac-
tised operators.

Terjesen technique
Terjesen describes a dynamic technique that assesses femoral head 
coverage.

The infant lies supine with the leg in the neutral position and the 
hip slightly flexed.

The transducer is positioned over the lateral aspect of the hip and 
images are acquired in the longitudinal and transverse planes.

As with the Graf technique, a baseline is drawn. Further lines are 
drawn tangential to the medial junction of the femoral head with 
the acetabular fossa and through the lateral margin of the acetabu-
lum parallel to the long axis of the transducer. Femoral head cover-
age is defined as the distance between the baseline and the medial 
line divided by the distance between the medial and lateral lines 
multiplied by 100.

The lower limits of normal are defined as 46% in boys and 44% 
in girls.11

The irritable hip

The commonest cause of an irritable hip is transient synovitis, but 
the differential diagnosis includes septic arthritis, Perthes disease 
and slipped capital femoral epiphysis.

Ultrasound is a useful first-line investigation in the assessment 
of a limping child.

If a joint effusion is identified it is the clinician’s role to narrow 
the differential diagnosis. Transient synovitis can be treated con-
servatively, whereas septic arthritis requires prompt intervention 
and treatment.

The patient lies supine with both legs straight and in the neutral 
position. The transducer is placed anteriorly in a parasagittal 
oblique orientation along the femoral neck.14,15 It is important to 
ensure that the proximal femoral shaft is visible in the scan plane, 
to avoid a false negative scan (Fig. 73.16).

Both hips should be scanned during the same examination.
Dual imaging is useful in demonstrating both hips side by side 

for comparison.

Transient synovitis
In transient synovitis there is inflammation of the synovial lining 
of the hip joint, often with a joint effusion.

Transient synovitis typically affects children of between 2 and 10 
years of age. The aetiology is unknown but there is sometimes a 
history of recent upper respiratory tract infection. The pain is 
decreased at rest and usually resolves within a few days, but the 
effusion may persist, generally resolving within 4–11 days.16

Ultrasound is extremely sensitive for the detection of a hip joint 
effusion, and relies on visible displacement of the hip joint capsule 
(Fig. 73.17). The normal hip joint capsule is seen as a continuous 
concave reflective line paralleling the anterior aspect of the femoral 
neck and capital femoral epiphysis. Synovial thickening or an effu-
sion causes the joint capsule to become convex and bulge anteriorly. 
Synovial thickening is often seen both anterior to the fluid collection 
and in the synovial reflection along the femoral neck.

The anteroposterior diameter (anterior capsular distance) of the 
effusion can be measured and provides a reproducible objective 
assessment.

Posterior stress on the adducted hip during examination can 
cause an increase in the gap between the femoral head and acetabu-
lum, indicating instability/subluxation.

Anterior stress on the abducted hip, as in the Ortolani test, allows 
visualisation of relocation of the hip.

Step 4: transverse neutral (Figs 73.14 and 73.15)
The hip is in the neutral position and the hip is scanned 
transversely.

Figure 73.14 Normal hip, transverse neutral view. Normal 
transverse neutral view of a neonatal hip. CFE, capital femoral 
epiphysis; P, pubis; TC, triangular cartilage; ISC, ischium.

CFE

P ISC

TC

Figure 73.15 Normal hip, transverse neutral view.



CHAPTER 73 • Paediatric musculoskeletal imaging

1504

Joint effusion fluid is usually anechoic, but may contain fine 
echoes depending on the cellular content of the fluid. The appear-
ance of the fluid is not a reliable indicator for distinguishing 
between transient synovitis and septic arthritis. If there are clinical 
concerns the joint fluid should be aspirated for culture.

Legg–Calvé–Perthes disease
This condition usually affects children between 3 and 12 years of 
age with a peak incidence of 5–8 years and a slight male preponder-
ance. Around 15% of cases are bilateral.17

Although ultrasound has a theoretical role in the diagnosis and 
follow-up of Legg–Calvé–Perthes disease, in practice plain radiog-
raphy, magnetic resonance imaging (MRI) and nuclear medicine 
studies are more sensitive and specific.

The initial diagnosis is made clinically and with plain X-rays, but 
ultrasound may be the initial investigation of a child with hip pain 
or a limp. It is therefore imperative that the hip is examined in its 
entirety, including the femoral capital epiphysis (Fig. 73.19).

The earliest sonographic sign is that of a joint effusion.
The features that help to differentiate Legg–Calvé–Perthes disease 

from transient synovitis are:

1. thickening of the joint capsule
2. mild contralateral capsular distension
3. a joint effusion that persists for more than 2 weeks.

On ultrasound the unossified cartilage of the femoral head is 
hypoechoic, whereas the ossification centre is seen as a band of high 
echogenicity with posterior acoustic shadowing.

The margin of the femoral ossification centre can be defined with 
ultrasound and ultrasound can be used to identify irregularity, flat-
tening or fragmentation. In the more chronic phases of the disease 
ultrasound can identify new bone formation earlier than the plain 
radiograph and may also identify recalcification.

In this instance the strong echoes of the necrotic bone disappear 
and are replaced by less reflective material that extends over the 
epiphysis and shows gradual increase in ossification.

In the more acute stage of the condition the articular cartilage 
becomes thickened and this increases with progressive collapse of 
the femoral head.

Slipped femoral capital epiphysis
Conventional radiography remains the first-line investigation for 
suspected slipped upper femoral epiphysis (SUFE) and any child 

A difference of greater than or equal to 2 mm between the left 
and right hips can also indicate a joint effusion, but it should be 
considered that joint effusions can be bilateral.

The interface sign is where an additional line is seen anterior to 
the echo-poor cartilage of the femoral head, corresponding to the 
junction between the cartilage of ossification and the articular car-
tilage (Fig. 73.18). The interface sign is absent in the presence of a 
joint effusion.

Figure 73.17 In the presence of a joint effusion at the hip the 
joint capsule is distended and the capsule is lifted away from the 
proximal femoral shaft.

Figure 73.18 Joint fluid. Image showing the interface sign 
representing the extra interface (arrow) between articular cartilage 
and joint fluid.

Table 73.4 Anterior capsular distance (ACD)

Age ACD: upper limit of normal

<4 years 5 mm
4–7 years 6 mm
8 years 7 mm

Source: Graf and Wilson.12

Figure 73.16 Ultrasound of the normal hip including the 
proximal femoral shaft.
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Figure 73.19 Legg–Calvé–Perthes disease. A: Image showing irregular, flattened and fragmented capital femoral epiphysis compared 
to B: the normal contralateral side.

A B

Figure 73.20 Slipped capital femoral epiphysis. On the left 
the epiphysis is normally aligned with the femoral metaphysis.  
On the right the epiphysis is stepped posteriorly in relation to  
the metaphysis.

Hip ultrasound

Use a linear probe

CDH: Graf technique: Position the hip in flexion and internal 
rotation

Align the transducer parallel to the body

Identify the landmarks

Measure the depth of the acetabulum with 
the alpha angle

Hip effusion Align the probe with the femoral neck

Include the proximal femoral shaft in the 
field of view

Examine both hips

Perthes The femoral head becomes irregular/
flattened/fragmented

The joint capsule becomes thickened

SUFE Malalignment of the proximal femoral 
epiphysis with the proximal femoral 
metaphysis

over 8 years of age presenting with hip pain should have antero-
posterior and frog lateral views of the pelvis in the first instance.

SUFE can occur in younger children who present with hip pain 
and have ultrasound as the initial investigation. It is therefore 
important to assess the alignment of the femoral capital epiphysis 
relative to the femoral metaphysis during routine ultrasound exam-
ination of the hip18 (Fig. 73.20).

If there is suspicion on ultrasound, anteroposterior and frog 
lateral X-rays should be acquired. Prompt diagnosis is essential to 
allow prompt orthopaedic intervention and avoid long-term com-
plications such as avascular necrosis.

PAEDIATRIC TRAUMA

Conventional radiography remains the best initial investigation for 
suspected bony injury. Ultrasound should, however, be the initial 
investigation for most suspected soft tissue injuries in children. This 
may be subsequently supplemented by MRI.

Ultrasound is also useful in instances where there may be trauma 
to non-ossified cartilage.

Acute trauma

Conventional radiographs may not demonstrate physeal fractures 
in young children with non-ossified epiphyses or apophyses.

Ultrasound can show extension of the fracture line through the 
epiphysis or show epiphyseal displacement with transphyseal 
fractures.

The apophysis is a focal area of ossification at the periphery of 
the bone. It ossifies in cartilage and has a cartilaginous connection 
to the adjacent bone. In the immature skeleton the apophyseal 
growth plate is a point of particular weakness. Apophyseal avul-
sion injuries typically occur at a bony prominence that serves as a 
tendon or ligament attachment site, for example at the anterior 
inferior iliac crest, with a peak incidence for injury between 10 and 
20 years of age, i.e. when the apophyseal growth plate is just closing 
or just after radiographic closure.

In these cases the radiograph may be normal and ultrasound may 
be helpful in identifying apophyseal displacement or associated 
intramuscular injury.

Sonography may also be useful in diagnosing fracture com-
plications. An avulsed ischial tuberosity may lead to long-term 
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Sinding-Larsen and Johansson independently described the 
disease of apophysitis at the inferior pole of the patella with abnor-
mality within the proximal third of the patellar tendon. This usually 
occurs in children aged 10–14 years who are involved with jumping 
sports.

Ultrasound shows fragmentation of the inferior pole of the patella 
and focal thickening and heterogeneity within the proximal patellar 
tendon.20 Small focal echoes may be seen consistent with calcifica-
tion within the tendon.

A sleeve fracture can occur with avulsion of the extension mecha-
nism at the inferior pole of the patella. This is usually visible on a 
plain radiograph, but can also be detected sonographically.

Ultrasound is particularly useful in assessing overuse injuries to 
the soft tissues.

The unfused growth plate is a particular weak point in the skel-
eton and will often fracture before the soft tissues are damaged.

Children and young adults involved in sports can, however, 
present with superficial tendon pathology. The tendon at the point 
of insertion is most commonly affected. Sonographic findings 
include fluid around the tendon/within the tendon sheath, thicken-
ing of the tendon and loss of the normal homogeneous signal  
(Fig. 73.21).

In young people involved in running or jumping activities the 
tendons around the ankle joint are commonly affected, whilst the 
Achilles and popliteal tendons are less often involved.

Throwing sports such as cricket or racquet sports can cause injury 
to the tendons and soft tissues of the glenohumeral joint. Rotator 
cuff tears are uncommon in paediatrics, and when present are often 
associated with os acromiale or joint instability.

Muscle injury

Ultrasound is particularly useful in assessing muscle injuries in 
children. Unlike MRI, ultrasound is readily available, can be used 
in the acute setting and does not require sedation or anaesthesia.

Young children may present with a soft tissue lump without  
a history of specific trauma. Ultrasound is not only useful for  
the diagnosis of haematomas or muscle tears but also in identifying 
the subsequent complications, including infection and myositis 
ossificans.

Muscle tears

In the presence of a tear the normal architecture of the muscle is 
disrupted by an area of increased echogenicity. This is seen as a 

morbidity due to sciatic nerve entrapment and in these circum-
stances ultrasound may show the precise relationship of the fracture 
callus to the sciatic nerve. Infection of fracture haematomas is a 
recognised complication following muscle and tendon avulsion 
injuries and can be diagnosed with ultrasound.

Accessory ossification centres can cause confusion on a radio-
graph. Ultrasound can be used to differentiate them from fractures. 
An accessory ossification centre will be seen as a small, highly 
reflective focus within the cartilage of the adjacent bone, without 
disruption of this cartilage.

A fracture will be associated with disruption of the cartilage and 
in the acute phase is also associated with soft tissue swelling or a 
haematoma.

Non-accidental injury

The Standards for Radiological Investigations of Suspected Non-
accidental Injury issued jointly by the Royal College of Radiologists 
and the Royal College of Paediatrics and Child Health in March 
2008 state that there are case reports of the use of ultrasound in the 
identification of subperiosteal haematomas in occult rib fractures 
and around fractures prior to any radiographically visible signs of 
healing.

The guidance also states that the use of ultrasound in the inves-
tigation of bony injury has not been validated in suspected non-
accidental injury and cannot be advocated as a primary tool for the 
investigation of bone injury.19

Overuse injuries

Repetitive microtrauma in children can lead to conditions affecting 
bone, cartilage and soft tissues that are specific to the immature 
skeleton, but affect children of different ages differently. Repetitive 
trauma that causes apophysitis at a tendon insertion site in a young 
child will often cause tendinitis in an older child.

Osgood–Schlatter disease is a clinical diagnosis, based on anterior 
knee pain localised to the tibial tuberosity, assumed to occur fol-
lowing repetitive traction trauma. Affected children are typically 
very active and aged between 10 and 15 years, with a peak inci-
dence at 13–14 years.

Ultrasound can be useful in atypical cases, where it can identify 
fragmentation of the tibial tuberosity apophysis, swelling of the 
overlying cartilage and focal thickening and heterogeneity of the 
patellar tendon. In some cases there may be a fluid collection deep 
to the inferior aspect of the patellar tendon representing pretibial 
bursitis.20

The cartilage changes usually occur first and are followed by 
tendon or bursal abnormalities, and if detected, changes in the latter 
structures are an indication of more severe or well-established 
disease.

The tibial apophysitis and associated swelling has a compressive 
effect on the distal tendon, elevating it towards the anterior tibial 
plateau. The pretibial bursa acts as a shock absorber and the 
repeated injury with movement causes inflammation of the tendon 
and bursa. Rarely, a true avulsion of the tibial tuberosity epiphysis 
can be demonstrated with ultrasound.

Figure 73.21 An anechoic fluid collection adjacent to the 
tendon fibres, with associated synovial thickening.

Trauma

Muscle tear Disruption of the normal alignment of the muscle 
fibres with a focal area of echogenicity

Haematoma Mixed echogenicity lesion with disruption of the 
muscle fibres

No abnormal vascularity within the lesion

Foreign bodies Highly reflective focus with posterior acoustic 
shadowing
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diffuse area of abnormality without mass effect, with or without 
associated soft tissue swelling (Figs 73.22 and 73.23).

Interval scanning reveals gradual resolution of the changes.
If there is concern, cross-sectional imaging with MRI is helpful 

but biopsy of the abnormal area may be the only definitive way of 
excluding a malignancy.

Haematoma (Figs 73.24 and 73.25)

A haematoma will appear as a mixed echogenicity mass within the 
muscle, causing distortion of the muscle fibres. The adjacent tissues 
may be oedematous or show signs of reactive inflammation.

There should be no evidence of increased vascularity within a 
haematoma on colour Doppler imaging. This helps to distinguish 
it from other more sinister soft tissue lesions, but is not conclusive. 
The mass may show central anechoic areas consistent with areas of 
fluid as well as more echogenic foci consistent with localised 
haemorrhage.

The lesion will change in appearance and morphology over time, 
but should not progress unless there has been repeated trauma or 
there is an underlying bleeding disorder. Large, unresolving lesions 

Figure 73.22 Muscle tear. The normal muscle architecture on the 
left and disruption of the fibres on the right due to a muscle tear.

Figure 73.23 Extended field-of-view technique to demonstrate 
the tear.

Figure 73.24 A large haematoma in the triceps muscle.

Figure 73.25 Colour flow imaging is useful in identifying 
vascularity within the lesion. This helps to distinguish between 
haematoma and tumour, but is not definitive.

should be carefully examined to exclude an underlying vascular 
malformation.

Foreign bodies

Imaging in trauma is a large part of paediatric radiology and iden-
tification and location of foreign bodies is a frequently requested 
investigation.

Large, radio-opaque foreign bodies are easily detected on plain 
radiographs.

Ultrasound is particularly useful in locating small, non radio-
opaque foreign bodies, such as wood, thorns and other vegetable 
matter and even in visualising small fragments of glass.21 Wooden 
foreign bodies as small as 2 mm in the soft tissues of the hand or 
foot can be located with a sensitivity of 90–100% and a specificity 
of 97–100%.22–24

Ultrasound can be used to more specifically locate large radio-
opaque foreign bodies and position them in relation to adjacent 
structures, such as blood vessels. Sonography can also provide intra-
operative guidance to surgeons, but caution should be applied not 
to mistake air within the soft tissues for a removable foreign body.
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injury, but clinical concern regarding an evolving soft tissue mass 
makes exclusion of a sinister lesion at an early stage very valuable. 
Ultrasound can identify calcification as early as 7 days post injury 
and can provide the necessary reassurance.

INFECTION

Superficial soft tissues

Infection of the superficial soft tissues causes disruption of the 
normal planes between the skin and the subcutaneous fat. In cel-
lulitis the subcutaneous fat becomes thickened and echogenic  
(Fig. 73.28).

Ultrasound can be used to identify focal fluid collections within 
the soft tissues. These are typically anechoic or hypoechoic and may 
have poorly defined margins. The collection may extend across the 
planes between fat, skin and muscle.

Pyomyositis

Pyomyositis may develop following trauma or as a result of hae-
matogenous spread of infection and should be considered in immu-
nocompromised patients with unexplained pyrexia and limb pain.

Differentiation between haematoma and intramuscular infection 
can be difficult as the appearances are similar and range from focal 
thickening with disruption of the normal muscle architecture to a 
discrete anechoic or hypoechoic collection. Once identified, the true 
extent of the infection is best assessed by MRI, but sonographic 
follow-up is useful where MRI availability is limited.

Osteomyelitis

A subperiosteal collection may be the first indicator of osteomyelitis 
in a child (Fig. 73.29) and can precede radiographic features of 
osteomyelitis by several days.24 This appears as a thin margin of 
fluid below the dark periosteal layer overlying the bone, and is not 
usually seen in older patients or adults where the periosteum  
is more strongly adherent to the bone. The typical sites affected  
are proximal femur, distal tibia, proximal humerus and distal 
radius/ulna.17

Foreign bodies appear on ultrasound as highly reflective foci. 
They typically demonstrate posterior acoustic shadowing, most 
notable when the foreign body is orientated perpendicular to the 
ultrasound beam (Figs 73.26 and 73.27).

Oedema or granulation tissue may develop around the foreign 
object, particularly around vegetable matter and chronic foreign 
bodies, and can cause a reflective halo that increases the visibility 
of the foreign body. These appearances will change over time and 
the foreign body will become less reflective as the inflammatory 
mass increases.

Myositis ossificans

The commonest site for myositis ossificans is the quadriceps femoris 
muscle. The radiographic appearances become definitive at 3–4 
weeks after an injury when a characteristic cleavage plane can be 
seen between the area of calcification or ossification and the adja-
cent bone.

The typical centrifugal calcification or circumscripta pattern can 
be seen on computed tomography at about 2–3 weeks following 

Figure 73.26 With foreign bodies it is important to assess the 
whole area. There are two foreign bodies within the soft tissues of 
the knee on this scan.

Figure 73.27 A wooden splinter within the soft tissues, seen 
as a linear area of focal echogenicity with posterior acoustic 
shadowing.

Figure 73.28 Diffuse thickening of the subcutaneous fat with 
multiple small areas of low echogenicity throughout the tissue 
consistent with oedema.
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Intervening bone within the distraction gap is visible on plain 
radiographs at approximately 8 weeks, whereas on ultrasound 
reflective foci appear by approximately 2 weeks. These foci are 
initially disorganised within the developing matrix, but start to 
align longitudinally by 4 weeks, developing into reflective bone 
continuous with the cortex at the bone ends and with a character-
istic concave contour by 8 weeks.25 This intervening new bone 
progresses to form a dense cortical line with posterior acoustic 
shadowing. Cystic spaces may develop within the distraction gap 
and interrupt new bone formation. These can be identified and even 
aspirated under ultrasound guidance.26

During the early stages of distraction when the edges are still well 
defined, ultrasound can provide accurate measurement of the dis-
traction gap without the magnification created by conventional 
radiographs. Subsequently, new bone formation obscures the 
margins of the osteotomy.27 Unfortunately, because of its limited 
field of view, ultrasound is less sensitive than radiography for the 
assessment of alignment.28 Ultrasound can thus reduce the need for 
conventional radiographs in lower limb lengthening patients but 
cannot replace radiography entirely.

MASSES

Children frequently present with soft tissue ‘lumps’ that are not 
associated with trauma or other signs or symptoms.

Assessment of these with ultrasound is quick, simple and can be 
very reassuring. Equally ultrasound can be used to differentiate 
between those that need further imaging and those that do not.

Prior to examination with ultrasound it is pertinent to ask the 
patient or parent to localise the area of pathology. If appropriate, 
clinical examination prior to sonographic evaluation can be 
invaluable.

Normal anatomical variation

Chest wall asymmetry or intermittent soft tissue swelling of a 
periphery can easily be assessed with ultrasound.

Prominent or bifid ribs can be defined and compared with the 
contralateral side and reassurances given regarding the absence of 
a soft tissue mass or sinister lesion. In these cases it is important to 
ensure that the echogenic cortex of the rib is intact and that the 
overlying soft tissues are not swollen or distorted (Figs 73.30 
and 73.31).

In more established infection ultrasound may show cortical 
breech or an associated pyomyositis or septic arthritis.

Doppler ultrasound can be used to assess disease progression. It 
has been reported that persistently increased vascularity around the 
periosteum, despite antibiotic therapy, is an indication for surgical 
intervention.

MONITORING LEG LENGTHENING 
PROCEDURES

Leg lengthening involves surgical resection of a portion of the dia-
physis with progressive distraction of the opposing ends until a 
satisfactory length has been achieved.

Imaging is required to evaluate the intervening new bone forma-
tion and to help determine the rate of distraction. If distraction is 
too slow premature fusion may occur, whereas if distraction is too 
rapid new bone formation may be inadequate.

In order to avoid significant radiation doses ultrasound can be 
used in place of serial radiographs to assess new bone formation in 
leg lengthening procedures.

The external fixation device often makes radiography technically 
difficult and can obscure the area of interest; this is less of a problem 
for sonography, especially if a small footprint probe is used.

Figure 73.29 In osteomyelitis a subperiosteal collection may be 
the first radiological sign.

Figure 73.30 Bifid rib. A transverse section through an area of 
chest asymmetry due to a bifid rib on the left. Note the visualised 
structures are intact and undistorted.

Infection

Superficial infection Disruption of the distinct planes 
between the tissues

Pyomyositis Mixed echogenicity mass within 
the muscle with a focal area 
of low echogenicity

Osteomyelitis Subperiosteal collection below 
the anechoic periosteum 
layer

Septic arthritis Fluid within the joint

Distension of the joint capsule
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bruit, but may present as an unexplained mass without specific 
clinical features.

Ultrasound, with Doppler imaging, is particularly useful in 
assessing these lesions.

These lesions may be predominantly vascular or lymphatic, but 
may be mixed. The vascular lesions appear as serpiginous, com-
pressible, low-echogenicity masses with variable colour flow seen 
within the low-echogenicity areas (Figs 73.34 and 73.35). The lym-
phatic portions of the mass will not show colour flow, but will 
appear as anechoic cysts. Sometimes the loculi may be reflective or 
show fluid or debris levels due to haemorrhage or infection.

Vascular/lymphatic malformations may be superficial, but may 
be deep within the soft tissues. Usually their extent can be defined 
with ultrasound, particularly with the use of panoramic imaging, 
but occasionally these are extensive malformations requiring MRI 
to determine their complexity.

Figure 73.31 A longitudinal view of the left-sided bifid rib. 
There is no evidence of a soft tissue mass.

Figure 73.32 A thin-walled multiloculated synovial cyst 
(ganglion) arising from the midcarpal joint.

Figure 73.33 Baker’s cyst. A thin-walled unilocular cyst in the 
popliteal fossa with no visible communication with the joint on  
this scan.

Doppler assessment of the area is useful in excluding a vascular 
malformation.

Intermittent swelling can be difficult to assess if the child presents 
for ultrasound during a quiescent episode. At this point it is helpful 
to exclude an underlying mass or vascular lesion and to ensure 
normal architecture of the tissues at the site of the swelling.

Colour Doppler should be applied to the area to exclude abnor-
mal vascularity or signs of inflammation.

If further reassurance is required a repeat scan at the time of 
swelling is indicated.

Ultrasound is relatively non-invasive and requires no radiation 
exposure. It is almost always appropriate to examine the contralat-
eral limb or adjacent structures for comparison, but it should be 
noted that pathology can be bilateral and that both sides may be 
abnormal.

Cysts

These can often be defined by their size and location.
Ganglions are small, well-defined synovial cysts that are most 

commonly associated with the small joints of the wrist and hand. 
They are usually less than 2 cm in diameter and are seen as well-
demarcated anechoic cysts with posterior acoustic enhancement. 
The cyst may be unilocular or septated, but does not typically 
contain debris or echogenic material (Fig. 73.32).

Ganglions are very common in adults, but as many as 15% are 
seen in patients under 21 years of age.

Baker’s cysts are synovial cysts arising from the posteromedial 
aspect of the knee joint, that typically present as a painless swelling 
in the popliteal fossa. They can occur in isolation or following 
trauma, but may be associated with inflammatory arthropathy in 
the knee joint. As with ganglions of the hand, popliteal cysts are 
typically thin-walled, anechoic and may be uni- or multilocular 
(Fig. 73.33). They arise between the semitendinosus and medial 
head of gastrocnemius and there may be a visible communication 
with the joint.

Baker’s cysts can rupture and present with acute pain behind the 
knee. Ultrasound may show a fluid collection tracking between the 
muscle bundles, with associated diffuse soft tissue swelling and loss 
of definition of the muscle planes on the symptomatic side.

Vascular/Lymphatic malformations

Vascular lesions may have the classical clinical appearance of a 
superficial soft tissue swelling with a bluish hue and an audible 
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Sternocleidomastoid tumour29

This is a lesion of uncertain aetiology also known as fibromatosis 
colli. It may be related to birth trauma and typically presents in 
infants at about 2–3 weeks of age as a firm swelling in the neck, 
with or without torticollis.

On ultrasound a localised swelling of the sternocleidomastoid 
muscle can be seen at the site of the palpable mass. There is distor-
tion of the alignment of the muscle fibres but the structure of the 
muscle is usually maintained. These appearances represent fibrosis 
of the muscle (Fig. 73.36). This is usually unilateral and comparison 
with the normal, contralateral side can be useful.

These lesions typically regress spontaneously within a few 
months.

Lipoma

Lipomas are uncommon in children, but do occur and show the 
same appearances as in adulthood.

The mass is of relatively high echogenicity with posterior acoustic 
shadowing, it is well defined and located within the subcutaneous 
fat. There is absence of abnormal colour flow and the adjacent 
structures are normal (Figs 73.37 and 73.38).

Figure 73.34 A relatively low-echogenicity lesion within the 
subcutaneous tissues of the abdominal wall.

Figure 73.35 Colour Doppler scan of a soft tissue lump. 
The marked vascularity is characteristic of a vascular malformation.

Figure 73.36 Diffuse swelling and increased echogenicity 
within the sternocleidomastoid tumour, without loss of the 
normal fibrous architecture.

Figure 73.37 A well-defined chest wall lipoma.

Figure 73.38 A more diffuse lipoma within the fibres of the 
gastrocnemius muscle.
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Figure 73.39 There is disruption of the superficial fat at the 
site of a recent immunisation in keeping with localised fat necrosis.

Figure 73.40 Soft tissue mass. Normal appearances on the right, 
with a large soft tissue mass disrupting the soft tissue planes on 
the left.

Masses

Normal anatomical variants Normal echogenicity of the soft 
tissues with no focal 
pathology

Synovial cyst Well-defined, anechoic 
structures associated with a 
joint

Vascular malformation Multiloculated, serpiginous 
anechoic structure with 
increased vascularity

Lipoma Focal area of increased 
echogenicity within the 
subcutaneous fat or muscles

Sarcoma Mixed echogenicity mass with 
irregular margins that extends 
across the tissue planes

Abnormal vascularity within the 
lesion

Fat necrosis can be seen following immunisation and may present 
with a palpable lump or with a focal indentation of the skin.

On ultrasound the area will appear as a superficial area of irregu-
lar low echogenicity within the subcutaneous fat. There should be 
no abnormal colour flow and no extension into the deeper tissues 
(Fig. 73.39).

Any superficial mass that extends into the muscle layer should 
be diagnosed with caution. Follow-up ultrasound is certainly  
warranted to assess any change and if there are concerns MRI  
is justified.

Sinister lesions

Soft tissue sarcomas or even bony sarcomas may present as a pal-
pable lump and ultrasound may be the primary investigation.

Any lesion that has ill-defined margins, extends across the differ-
ent tissue planes and has abnormal vascularity should raise con-
cerns and be investigated further and without delay (Fig. 73.40).

The presence or absence of calcification should be noted and the 
adjacent bony cortex should be examined to define any cortical 
breech or associated periosteal reaction.
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1077f, 1081, 1082f
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pancreatic, 306–309, 307f–310f, 309b
small bowel, 380, 381f
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syndrome (AIDS)
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Alagille’s syndrome, 216, 1371–1372, 1374f
Albumin-coated microbubbles, 80
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hepatitis, 121–122, 122f
pancreatitis risk, 294, 301
tumour ablation, 859–860

Alcoholic liver disease, 216
Aliasing, 28, 41, 41f, 74–75
α-Fetoprotein (AFP)

cirrhosis screening, 115–116
hepatoblastoma, 1360–1361
hepatocellular carcinoma screening, 154

5-Alpha reductase agents, 581
Amaurosis fugax, 941–942, 965
Amenorrhoea, 1481–1482, 1481t, 1482b
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Trauma (AAST)
liver injury scale, 835–836, 835t
renal trauma, 839, 839t
spleen trauma, 837–838, 838t
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classification, 921

Amnion, 745, 745f, 750, 750f
Amoebic colitis, 391–392, 400, 400f
Amoebic liver abscess, 126–127, 127f–128f, 

145–146, 1364–1365
Amoebomas, 400
Amplitude, 3, 4f
Amplitude modulation/power modulation 

(PM/AM), 82, 82f
Ampullary carcinoma, 263
Amyloid

liver, 117
renal, 452, 452f

Amyloidosis, 1134
Anal canal, 405–409

anatomy, 406–407, 406f
anorectal tumours, 407–408, 407f
sepsis, 408, 408f
sphincters see Anal sphincters
trauma, 408, 408f
ultrasound technique, 405–406

Anal sphincters, 406–407, 406f
abnormalities, 409, 409b
solitary rectal ulcer syndrome, 409
traumatic injury, 408

Anaplastic carcinomas, thyroid, 879–880, 
880b, 880f

Anastrozole, 706
Anconeus epitrochlearis, 1141–1143
Androblastoma, ovarian, 678
Anencephaly, 746–747
Aneurysm Detection and Management 

(ADAM) Veterans Affairs 
Cooperative Study Group, 775

Aneurysms
aortic see Abdominal aortic aneurysms; 

Aorta, aneurysms
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in children, 1301–1302
dilatation, 1198
of the extremities, 1117
haemodialysis access, 1222
hand/wrist, 1066–1067
hepatic artery, 192, 192f
iliac artery, 779, 780f
mycotic, 775, 779
peripheral arterial disease, 1211, 1212f
popliteal artery, 1117, 1198, 1211, 1212f
portal vein, 189
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pulsatile neck masses, 974
renal, 495–496, 496f
renal arteries, 482–483, 483b, 483t
splanchnic arteries, 791–792, 791f
splenic artery, 342, 342f, 791–792, 791f
splenic vein, 342
tibial vessels, 1105
transcranial Doppler ultrasound, 982, 982f
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Angiomyoleiomas, 1121
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in children, 1461–1462
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renal, 490, 502, 509–512, 509f–511f, 512b
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Angiosarcomas, 1121

breast, 997
spleen, 334, 336f
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1103–1105
neurovascular bundle, 1105
posterior, 1093–1095, 1094b, 1095f–1096f, 

1101–1103
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Annular ligament, 1046
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1062f
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anatomy, 976
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1105, 1105f
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Antiplatelet drugs, 170
Antral dyskinesia, 1386
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ectopic, 1399
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see also Anal canal

Anxiety in biopsy patients, 848
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abdominal see Abdominal aorta
aneurysms, 773 (see also Abdominal aortic 

aneurysms)
dissection, 789

Aortic valve disease, 971f
Aortocaval fistulae, 795
Aperture control, 21, 21f
Apophyseal injuries, 1505
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acute, 389–392, 390f, 392b
in children, 389
differential diagnosis, 391–392
mesenteric lymphadenopathy, 389–390, 

391f
occasions, 389
perforation, 391, 391f
pitfalls, 391–392

in children, 389, 1395, 1396f–1397f, 
1397–1398, 1399b

diagnostic efficacy, 1398
isolated granulomatous, 394
stump, 394, 394f

Appendicoliths, 389–390, 390f
Appendicular artery, 388
Appendix, 388–394

abscess, 391, 392f, 1397, 1397f
adenocarcinoma, 393
anatomy, 388, 389f–390f
appendicitis see Appendicitis
carcinoid tumour, 392–393
in children, 1395–1398
Crohn’s disease, 394, 394f
inflammation see Appendicitis
lymphoma, 393
mucocele, 392, 393f
phlegmon, 391, 392f
retrocaecal, 1398, 1398f
tumours, 392–393, 393f
ultrasound technique, 388–389, 389f

Appendix testis, 595, 597f, 598
Aqueous humour, 940–941
Arachnoid cyst, 1279–1280, 1284
Arcade of Frohse, 1044
Arm

muscles, 1139, 1140t, 1141f
peripheral arterial disease, 1212–1214

occlusive arterial disease, 1214
Raynaud’s disease, 1214, 1219f
Takayasu’s arteritis, 1214, 1218f
thoracic outlet syndrome, 1213–1214
ultrasound investigation, 1212–1214, 

1216f
Artefacts, 61–76

beam edge, 1126, 1127f
beam width, 72–74, 72f–73f, 73b
Chinese hat, 73, 74f
comet-tail, 68, 69f
contrast imaging, 88, 88f

Doppler, 88
flash, 1126, 1127f
grating lobe, 73, 73f
mirror image, 65–67, 67f
missing echoes, 63, 63f
multiple echoes, 65–68, 67f–68f
noise, 61, 61b

gain-related, 62f
structured, 62f

propagation, 88, 88f
ranging, 74, 75f
refractive, 68–70, 70f–71f
reverberation, 67–68, 68b, 69f

simple renal cysts, 487, 487f
in rheumatological ultrasound, 1126, 1127f
scattering, 61–63, 62f
shadowing, 64f

edge, 65, 66f
and increased sound transmission, 

64–65, 64f, 65b
reflective, 65f
refractive, 65, 66f
types of, 64t

specular interfaces, 61–63, 62f, 64b
testis, 595–598
in three-dimensional scanning, 75
time sampling problems, 74–75, 74b
velocity errors, 68–72, 70f, 70t, 71b

Arteriography
hypertension in children, 1455–1456
penis, 625–626

Arteriovenous fistula
acquired, 192
in children, 1301–1302
orbital, 960–961
post-renal biopsy, 457, 457f
post-renal transplantation, 538–539, 541f
renal, 481, 481b, 481f

congenital, 481–482, 482f–483f
post-traumatic, 481f

traumatic, 1212, 1216f
upper limb, 1241

Arteriovenous malformations, 1120
in children, 1301, 1351
congenital, 1284
renal, 481–482, 482f–483f, 495–496, 507
and renal cell carcinoma, 513
transcranial Doppler ultrasound, 982
uterine, 695–696, 696f, 711–712

Artery bypass, vein mapping, 1248–1249
Arthritis

mimics, 1133–1134
monitoring disease progression, 1132–

1133, 1132b
ultrasound features of, 1127–1131
see also specific types

Arthrography, magnetic resonance see 
Magnetic resonance 
arthrography

Arthropathy, inflammatory, 1025
Arthroplasty, hip, 1071–1072, 1072f
A-scan, eye, 941, 942f
Ascariasis

biliary, 266, 266f
gallbladder, 250–251

Ascaris lumbricoides, 250–251, 266
Ascites, 808–812, 808f–809f, 811f

bowel loops in, 810–811, 810f–811f
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in children, 1401, 1401f
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loculated, 811, 811f
malignant, 812, 812f–814f
in ovarian tumours, 678
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Asherman’s syndrome, 697, 709
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Aspiration, 1169

abscess, 1192, 1193f
cystic lesions, 1192–1193
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see also Drainage techniques
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965–966
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in children, 1339–1340
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Atherosclerosis
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imaging, 788
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clinical overview, 1081
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Attenuation, 11, 11t, 13b
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991
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classification, 172
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anatomy, 976
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steering, 19f, 20, 42, 43f
width of, 17

Beam width artefacts, 72–74, 72f–73f, 73b
Behçet’s syndrome, 379t
Benign lymphoepithelial lesions (BLELs), 

904–905, 906b
Benign prostate hyperplasia/hypertrophy 

(BPH), 579–581, 580t, 581f–582f,  
583t

Benign sternomastoid tumour of infancy, 
1302, 1303f

Berardinelli-Seip syndrome, 116
β-human chorionic gonadotropin (β-hCG), 

758
Bezoars, 1387, 1387f
Biceps femoris, 1075, 1091, 1091f
Biceps tendon

anatomy, 1043, 1044f
dislocation, 1039, 1039f–1040f
injury, 1048, 1048f–1049f
long head of

anatomy, 1030
fatty atrophy, 1039, 1039f

normal, 1032f
pathology, 1037–1039, 1039f

Bicipital groove, 1030–1031, 1032f
Bicipitoradial bursitis, 1050, 1050f
Bifid median nerve, 1159, 1160f
Bile

echogenic, 240–241, 241f–242f
leaks, post-liver transplantation, 212,  

221
milk of calcium (limy), 240
volume increase, 256

Bile ducts, 94–95
anastomosis, strictures, 211, 212f
anatomy, 227, 229f, 234f
ascariasis, 266, 266f
biliary epithelial dysplasia of, 150
Caroli’s disease, 264–265, 266f
in children, 1356–1375
cholangiocarcinoma, 156–160
choledochal cysts, 263–264, 265f–266f
choledocholithiasis see Choledocholithiasis
diameter changes, rapid, 255–258

dilatation, 254–255, 254f–256f, 1372
post-liver transplantation, 211, 220, 221f
ultrasound signs, 254, 255f
without jaundice, 255

gallbladder distension, 256–258, 257f
gas in, 259, 260f
hypoplasia, 216
injury, intraoperative ultrasound, 279
jaundice see Jaundice
measuring, 189, 234–236, 235f
neoplasms, 261–263, 261f–265f, 1372–1375
normal anatomical variants, 227–228, 

234f–236f
obstruction, 1372

pancreatitis complications, 299
without dilatation, 255

oriental cholangiohepatitis, 265–266
pathology, 253–267
sclerosing cholangitis, 267, 267f
spontaneous perforation, 1370, 1373f
stones see Choledocholithiasis
strictures, 212f

Biliary ascariasis, 266, 266f
Biliary atresia

congenital extrahepatic, 216
extrahepatic, 1368–1369, 1369f–1370f

Biliary atresia-splenic malformation 
syndrome, 1368–1369, 1370f

Biliary cirrhosis, 115, 116f, 154
post-liver transplantation, 216

Biliary epithelial dysplasia of the intrahepatic 
bile ducts, 150

Biliary sludge, 240–241, 241f–242f, 1375, 1375f
Biliary system

cystadenocarcinoma, 161
cystadenoma, intrahepatic, 149–150
hypoplasia, 1371–1372
rhabdomyosarcoma, 1374f

Biliary tree
anatomy, 228f
endoscopic ultrasound, 236, 236f
intraoperative ultrasound, 279–280, 280f
laparoscopic ultrasound, 236, 273
liver transplantation complications, 

211–212, 220–221, 221f
normal anatomy, 227
ultrasound technique and appearance, 

228–236
Bilirubin, 1367
Biometry

eye, 958, 958f
first trimester, 748–749

Biomicroscope, ultrasound
eye, 942

Biopsies, 1169
bone lesions, 1191–1193, 1192f
breast, 1000–1002, 1001t, 1002f
cervical lymph nodes, 934–935, 935b
coaxial technique, 850
core see Core biopsy
fine-needle aspiration see Fine-needle 

aspiration (FNA)
general principles, 847–853
hepatocellular carcinoma, 154
large-bore vacuum-assisted, 1001–1002, 

1001t
liver, 167–170

complications, 170, 170b
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image-guided approach, 167–168, 168f
indications, 169, 169b, 169f
patient management, 170, 170b
percussion-palpation approach, 167
quality of specimen, 168–169
technique, 167–169, 168t
type of needle, 168

lungs, 1017–1018
needle guides, 852, 852f
needle tip visualisation, 850–852, 851b, 

851f–852f
omental, 720–722, 721b, 721f

complications, 722
method, 720–721
rationale, 720

pancreas, 290, 318–319, 318f, 319b
complications, 318–319
indications, 318
results, 318
techniques, 318

patient selection/preparation, 847–848
post-procedural care, 853
pre-procedural assessment, 848
procedural planning and ergonomics, 852, 

852f
prostate, 587–591, 589b

abscess/cyst drainage, 591
post-prostatectomy bed, 590–591, 591f
principles, 587–590, 590f
seminal vesicles/ejaculatory ducts 

injection, 591
renal, 455–458

complications, 456–457, 457f
contraindications, 455–456
indications, 455–456
renal transplant, 457–458
technique, 456, 456f

safety/complications, 853
small bowel, 385, 386f
soft tissue masses, 1191–1192, 1191b, 1192f
specimen handling, 852–853, 853f
spleen, 345
track seeding, 853
Tru-cut, 318

Birth-related brain injury, 1285, 1289f
Birth weight, epidemiological studies, 56
Bladder, 550–571

adenocarcinoma, 561–562
anatomy, 550–551
cancer, 561, 562t

invasion from adjacent tumours, 
565–566, 566f

staging, 563–564, 563b, 564f–565f
tumour detection, 562–563, 563f
tumour follow-up, 564–565, 565f

catheter balloon puncture, 569
in children, 1409, 1413f–1414f, 1422–1428
colour duplex imaging: ureteric jets, 551, 

553f
conduits, 568
contrast imaging, 85, 552–553
development, 1407–1409, 1408f
diverticula, 566, 567t, 1425, 1429f
ears, 1425, 1429f
emptying (residue), 553–556
endocavity ultrasound, 551
endometriosis, 568
extrinsic masses, 567–568, 567f

fistulae to the, 566, 567t, 568
flowmetry, 554–555, 555f
flow patterns, 555–556, 555b
foreign bodies, 556–558, 558f–559f
gross anatomy, 550
harmonic imaging, 551–552
infection, 568, 568b
inflammation, 568
leiomyosarcoma, 562
lower urinary tract symptoms, 553, 553b
lumen, 556–559
lymphoma, 562
masses, 561–566
megacystis, 1425
metastases, 562
microscopic anatomy, 550–551
neck, cysts, 581
neurogenic, 1425, 1430f
normal sonographic appearance, 576
outflow obstruction, 560, 562b, 562f

pelvi-ureteric dilatation, 436–438
partial resections, 568
pathology outside the bladder, 566–568
postoperative conditions, 568
pregnancy-related pathology, 568
procedures, 569
rhabdomyosarcoma, 562
squamous cell cancer, 561–562
stones, 556, 557f
suprapubic catheterisation, 569
transabdominal imaging, 551, 552f
transitional cell carcinoma, 431
trauma, 569, 569b, 841
tumours, 561–566
ultrasound technique, 1409, 1413f–1414f
urachus, 559, 561f
ureteroceles, 558–559, 560f–561f
urothelium, 551
volume, 553–556

assessment, 1413f
estimation, 554f

accuracy of, at different volumes 
and in bladder shapes, 554

calculating, 554b
technology comparisons, 554

wall, 560
thickness, 1414f

Blake’s pouch cyst, 1279–1280
Blood clot

pelvi-ureteric dilatation, 434
see also Thrombosis

Blood flow see specific organs; specific vessels
Blood supply

ovaries, 648
prostate, 574
seminal vesicles, 574
small bowel, 371
uterus, 649
see also specific organs; specific vessels

B-mode imaging, 17f, 18b
aortic dissection, 789
artefacts in, 61–76
hypoxic ischaemic encephalopathy, 1266
image processing, 23, 23f, 25b
instrumentation, 25b
parameters, 32, 34–40, 39b

adaptive processing, 38–40
depth, 36, 37f

dynamic range, 36, 36f–37f
focus, 36, 38f
frequency, 36
gain, 34, 35f
harmonics, 37, 38f
spatial and frequency compounding, 

37–38, 39f
time gain control/depth gain control, 

35, 35f
zoom, 36–37, 38f

penis, 623–624
Peyronie’s disease, 628
priapism, 627
principles, 17–18
pulse-echo cycle, 17f
scanners, 32, 39b

Bochdalek hernias, 1348–1349, 1350f
Bone-at-focus thermal index (TIB), 54
Bone(s), 1029

erosions see Erosions
implications of heating, 53
lesions, biopsy, 1191–1193, 1192f

Bosniak renal cyst classification system, 488, 
488t, 489f, 492

Bowel
large see Colon
small see Small bowel

Boxer’s knuckle, 1060–1062
Brachial artery, 1043, 1213, 1216f
Brachialis muscle, 1043
Brachial neuritis, 1037
Brachial plexus, 911–912, 912f
Brachytherapy

ocular melanoma, 952–953
tumour ablation, 860, 860f

Brain
neonatal see Neonatal brain
see also specific anatomical areas

Brain death evaluation, 983, 1290, 1290f
Branchial cleft cyst, 908, 908b, 909f–910f
Branchial cysts, 905, 1296–1297, 1297f–1298f
BRCA1-related tumours, 996
Breast, 987–1004

abscess, 989, 989f
benign pathology, 987–993, 989b

cystic lesions, 987–989, 988f–989f
solid lesions, 989–993, 990f–992f

cancer see Breast, malignant pathology
complex sclerosing lesions, 992–993
core biopsy, 1001, 1002f
equipment, 987
fat necrosis, 988, 988f
fibroadenoma, 990–991, 990f
fine-needle aspiration, 1001
galactoceles, 988, 988f
hamartoma, 991
implants, 1000, 1000f
infection, 989
large-bore vacuum-assisted biopsy, 

1001–1002
lipoma, 991, 991f
malignant pathology, 993–1000, 993b, 994f

angiosarcoma, 997
assessment of response after 

chemotherapy, 999
axilla, 997–999, 998f–999f
BRCA1-related tumours, 996
classification, 993–996
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contrast imaging, 993
cribriform carcinoma, 995
diagnostic techniques, 993
Doppler imaging, 993
ductal carcinoma in situ, 996, 996f
ductal carcinoma of no special type, 

993–995
elastography, 993
focality, 997
impalpable, 1002
intraductal extension, 997, 998f
invasive carcinomas, 994f
lobular cancer, 995
medullary carcinoma, 995
metaplastic carcinoma, 996
metastases to the breast, 997, 997f
mucinous cancer, 995
papillary carcinoma, 995, 995f
screening, 999–1000
size, 997
staging operable cancer, 997–999, 

998f–999f
tubular cancer, 995
ultrasound computer-aided 

classification, 993
oil cysts, 988
papillary lesions, 991–992, 992f
papillomas, 992, 992f
phyllodes tumours, 990–991, 991f
radial scars, 992–993
screening, 999–1000
simple cysts, 987–988, 988f
technique, 987
ultrasound-guided biopsy, 1000–1002, 

1001t, 1002f
wire localisations of impalpable lesions, 

1002
Breech delivery, 1330
Brenner (transitional cell) tumours, ovarian, 

674, 674f
Bridging vascular sign, fibroids, 691
British Medical Ultrasound Society (BMUS) 

guidelines, 57–58
Broad ligament, 660
Bronchial walls, 1014
Bronchogenic carcinoma, 1007
Bronchogenic cysts, 1299, 1348, 1348f
Bronchopulmonary sequestration, 1342,  

1343f
Brucellar liver abscess, 126
Brucellosis, 126
Bruits, 965–966
Bruxism, 906
Buccal fat pad, 907, 907f
Buccal region, 898–907, 900f

lymph nodes, 924, 925f
pathology, 906–907

Buck’s fascia, 621
Budd-Chiari syndrome, 193–195, 196f, 202, 

202f, 1367
post-liver transplantation, 215

Bulbar artery, 621
Bursae, 1115–1116, 1134, 1134f

adventitial, 1134
synovial, 1134

Bursitis
ankle, 1102, 1102f
bicipitoradial, 1050, 1050f

deep infrapatellar, 1089
elbow, 1050
in enthesitis, 1131
olecranon, 1050, 1051f, 1134, 1134f
perigluteal, 1184
subacromial, 1036–1037, 1036f

Butterfly wings sign, 808, 809f
Bypass graft, cephalic vein, 1207–1208

C

CA125, ovarian cancer, 680
Caecum, 369–370, 394–395

tumours, 391–392
Caesarean scar ectopic pregnancy, 758, 759f, 

760t
Caesarean section scars, 697, 698f
Calcaneofibular ligament, 1099, 1100f, 1105
Calcification

adrenal, 635
extra-testicular, 611–612
hepatic, 134, 134t, 135f
kidneys, 451, 451b, 451f

cortex, 446
cysts, 491–492, 491f

shadowing, 64–65
soft tissue masses, 1111–1113, 1113b,  

1113f
testicular, 607–608, 608f
thyroid nodules, 870, 871f
tunica albuginea, 611–612, 611f
tunica vaginalis, 611–612, 611f

Calcific myonecrosis, 1115
Calcific tendinitis, 1037, 1037f–1038f
Calculi

bladder, 556, 557f
gallbladder see Gallstones
parotid gland, 904, 904f
pelvi-ureteric dilatation, 430
salivary, 1308
staghorn, 430, 431f
submandibular gland, 895–897, 896f
see also specific areas

Calf vein imaging, 1232–1233, 1232f–1233f
deep vein thrombosis, 1236
problems and pitfalls, 1234b

Caliectasis, 1429
Calyceal diverticula, 493, 494f, 1442f
Calyceal system, dilated, 493, 494f
Campylobacter colitis, 401
Candida albicans

neonatal brain infection, 1274, 1276f
spleen, 339, 340f

Candidiasis
hepatosplenic, 339
liver, 127–128, 128f
renal involvement, 464, 1453, 1455f

Capillary haemangioma, 334, 1120
Captopril isotope renography, 474t–475t, 475
Captopril test, 474t–475t, 475
Carcinoid tumours

appendiceal, 392–393, 393f
gastric, 362, 364f
small bowel, 381, 382f

Cardiac shunts, 77
CARDIOsphere, 79t, 80–81
Caroli’s disease, 264–265, 266f

Carotid arteries
anatomy, 966–967, 976
aneurysms, 974
atheroma, 941–942
atypical symptoms, 966
bifurcation, 967–968, 967f
carotid body tumours, 909, 911f, 974, 975f
direct measurement, 971–972, 971f
disease, in children, 1301–1302
dissection, 966, 974, 974f
Doppler criteria, 969–971, 970t, 971f
epidemiological studies, 966
indications for ultrasound, 965–966, 966b
ischaemic symptoms, 965–966
neonatal brain, 1258–1259, 1259t
occlusion, 973–974, 973f–974f
plaque characteristics, 972–973, 972b, 972f, 

973t
post-endarterectomy follow-up, 966
pulsatile neck masses, 966, 974, 974b, 975f
stenosis, 941–942, 970, 970f, 975t
stents, 974, 975t
in thyroid carcinoma, 873, 873f
transcranial Doppler ultrasound, 976–983
trauma, 966
ultrasound technique, 967–968, 967b–968b, 

967f–968f
Carotid body tumours, 909, 911f, 974, 975f
Carpal joint injection, 1178, 1179f
Carpal tunnel injection, 1177–1178
Carpal tunnel syndrome (CTS), 1057, 

1064–1065, 1064f–1065f, 
1162–1163, 1164f

Cartilaginous lesions in children, 1353–1354
Cataract, 943, 943f
Catheter angiography, 474, 474t
Catheter drainage, 803f, 809–810
Cat scratch disease, 133–134, 1364
Cauda equina, 1318
Caudal regression syndrome, 1327–1328, 

1329f
Caudate nucleus, 1255
Caval filters, 794, 794f
Cavernosal arteries, 621, 622f, 623–624

duplication, 624, 624f
erectile dysfunction, 624

Cavernosography, 625–626
Cavernous haemangioma, 1120

liver, 140–142, 141f–142f
spleen, 334

Cavitation see Acoustic cavitation
Cavum septum pellucidum, 1257, 1280, 1282f
Cavum vergae, 1257
Cellulitis in children, 1352, 1352f
Central precocious puberty, 1478–1480
Central retinal artery, 942
Central retinal vein, 942
Cephalhaematoma, 1285
Cephalic vein, 1043

bypass grafts, 1207–1208
Cerebellum, 1258
Cerebral aqueduct stenosis, 1276–1277
Cerebral arteries, 1258

anatomy, 976
colour Doppler imaging, 977
neonatal brain, 1259t
power Doppler, 977
transcranial Doppler ultrasound, 976, 978
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Cerebral oedema, 1287
Cerebral perfusion reserve, 979
Cerebrospinal fluid (CSF), 1274–1275

flow, 1315
hydrocephalus see Hydrocephalus

Cervical ectopic gestation, 757–758, 758f–759f, 
758t

Cervical lymph nodes, 920–937
biopsy techniques, 934–935, 935f–936f
classification, 921, 922b, 922f
lymphatic circulation, 920–921
malignancy assessment, 927–933

angioarchitecture, 931–932, 932b, 
932f–934f

cortex and hilum, 930, 930f
echotexture, 928–930, 929f–930f
location, 933
margins of the node, 931, 931f–932f
necrosis, 930–931, 931f
shape, 928, 928f
size, 927–928, 928f

miscellaneous conditions involving, 934
normal, in children, 1303–1304, 1304f
structure and function, 920, 921f
ultrasound in seven sweeps, 921–927

anterior cervical nodes, 926–927,  
927f

deep cervical chain/internal jugular 
chain, 924–925, 925f–926f

parotid and buccal region nodes, 924, 
924f–925f

posterior triangle, 926, 926f
submandibular nodes, 922–923, 924f
submental nodes, 922, 923f
supraclavicular fossa/transverse 

cervical chain, 926
Cervical nerve roots, 912, 912f
Cervix, 712–715, 713f

cancer, 714–715, 715f
aetiology, 714
bladder involvement, 568
management, 715
other investigations, 714–715
staging, 715t
symptoms, 714
ultrasound appearances, 714

clear cell tumours, 1488
fibroids, 713, 714f
incompetence, 714
nabothian cysts, 713, 713f
obstruction, 710, 711t, 712f
polyps, 713
scanning techniques, 687
stenosis, 710
symptoms, 688–689
ultrasound anatomy, 653, 653f
variation in age, 649, 649t

Charcot-Marie-Tooth disease, 1166
Chemotherapy

assessment of response after, in breast 
cancer, 999

ovarian cancer, 669, 720
Chest

indications in children, 1339
normal anatomy, 1338–1339
paediatric, 1337–1355
ultrasound technique, 1337–1338, 1338f
wall see Chest wall

Chest wall, 1005–1007
abscess, 1352f
bony lesions, 1006–1007
examination technique, 1005
haemangioma, 1350–1351, 1352f
haematoma, 1352
lesions, 1350–1354
masses, 1350–1353, 1351b
paediatric, 1350–1354
patient position, 1005
peridiaphragmatic lesions, 1007, 1007f
soft tissue lesions, 1005–1006,  

1006f–1007f
technical requirements, 1005
thoracic lymph nodes, 1007

Children see Paediatric patients
Chimney phenomenon, 1006–1007
Chinese hat artefacts, 73, 74f
Chlamydia trachomatis

endometritis, 709
epididymo-orchitis/epididymitis, 614
pelvic inflammatory disease, 682

Cholangiocarcinoma, 156–160, 159f
bile duct, 261–263, 261f–263f
magnetic resonance 

cholangiopancreatography, 236
metastases, 263
post-liver transplantation, 216
pre-liver transplantation ultrasound, 201

Cholangitis
recurrent pyogenic, 265–266
sclerosing, 267, 267f

Cholecystectomy
laparoscopic, 237
in liver transplantation, 1377

Cholecystitis
acalculous, 1375
acute, 243–246

acalculous, 246, 246f
complications, 244
emphysematous, 245–246, 246f
halo sign, 243–244
pericholecystic collection, 244–245,  

245f
signs, 243–244, 244f, 244t

chronic, 246–247, 247f
carcinoma risk, 249–250

gangrenous, 244, 245f
Cholecystitis glandularis proliferans, 247
Cholecystoses, hyperplastic, 247, 248f
Choledochal cysts, 263–264, 265f, 1369–1370, 

1371f–1372f
Choledocholithiasis, 258–261, 258f–261f

diagnosis, 258–259
gallbladder distension, 257f
intraoperative ultrasound, 279–280
presentation, 258

Cholelithiasis see Gallstones
Choleresis, 256
Cholescintigraphy, 237
Cholesterolosis, 247, 248f
Chondroid tumours, thyroid cartilage, 917, 

918f
Chondromatosis, synovial, 1123, 1123f
Choriocarcinomas

testicular, 599–600
uterine, 696

Chorion, 745, 745f

Choroid, 940
detachment, 946
haemangioma, 954, 954f
melanoma, 951–953, 951f–953f
metastases, 953
naevus, 954
osteoma, 954, 954f

Choroidectomy, 952–953
Choroid plexus, 1255

cysts, 1255
Chronic exertional compartment syndrome 

(CECS), 1155–1156
Chronic granulomatous disease, 133
Churg-Strauss syndrome, 379t
Chylothorax, 1344
Ciclosporin

renal transplantation, 539
in renal transplantation, 529–530, 536

Ciliary body, 940
melanoma, 951–953, 953f

Circle of Willis, 977, 1258
Cirrhosis, 111–116, 201f

aetiology, 111, 112t
associated findings, 115, 115f
biliary, 115, 116f, 154
causes of, 111
in children, 1358, 1359f
classification, 111
definition, 111
diagnosis, 112
dysplastic nodules, 115, 115f, 154–156, 156f
echotexture, 112, 113f
hepatocellular carcinoma risk, 153–156, 

155f–156f
liver morphology, 112, 112f
macronodular, 200
micronodular, 200
portal hypertension in, 180–181
portal vein thrombosis in, 188–189
pre-liver transplantation ultrasound, 200, 

200f
regenerating nodules, 112–114, 114f, 

154–156, 155f
screening in, 115–116
sonographic features, 115b
surface nodularity, 112, 113f–114f

Cisterna magna, 1320
mega, 1279–1280

Citrobacter, 1273, 1275f
Clear cell tumours

cervix, 1488
ovarian, 674, 674f
vagina, 1488

Clefts, spinal, 1328–1330
Clergyman’s knee, 1089
Climber’s finger, 1060–1062, 1062f
Clinical-Etiology-Anatomy-Pathophysiology 

(CEAP) classification, 1243, 1243t
Cloaca, 1407–1409, 1408f

anomalies, 1473, 1478f
exstrophy, 1428
malformation, 1428

Clonorchiasis, gallbladder, 251
Clonorchis sinensis, 251, 265–266
Clostridium difficile, 400
Clostridium spp., liver abscess, 124
Clutter, 61
Coagulative necrosis, 930, 931f
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Coats’ disease, 955, 955f
Coccygeus, 647
Coded excitation, 84
Coeliac artery, 789, 790f

stenosis, 789–791, 791f
Coeliac disease, 385
Cogwheel sign, pelvic inflammatory disease, 

682
Colic veins, 388
Colitis

amoebic, 391–392, 400, 400f
in children, 1399, 1400f
differential diagnosis, 399t
granulomatous, 1399
infective, 399–401, 401b, 401f
inflammatory see Crohn’s disease; 

Ulcerative colitis
ischaemic, 399t, 401, 402f
neutropenic, 1399, 1400f
pseudomembranous, 399t, 400–401, 1399, 

1400f
tuberculous, 399–400, 399f, 399t
typhlitis, 399t, 401, 401f
ulcerative see Ulcerative colitis
Yersinia enterocolitis, 399t, 401

Collateral ligaments
elbow, 1045–1046, 1046f, 1051, 1051f
fingers, 1064b
knee

lateral, 1084, 1091
medial, 1084, 1085f, 1090

wrist, 1063–1064
Collateral veins, 1235
Collateral vessel formation, 206–207,  

206f
Collecting duct carcinoma, 517
Colloid cysts, 1309, 1310f
Colon, 394–405

adenocarcinoma, 402
anatomy, 394–395, 395f
ascending, 394–395
in children, 1399–1401, 1399b

colitis, 1399
imperforate or ectopic anus, 1399
necrotising enterocolitis, 1400,  

1401f
neoplasms, 1400–1401
normal anatomy, 1399

colitis see Colitis
congenital abnormalities, 395–396, 395f
descending, 394–395
diverticular disease, 395f–396f, 396–397

right-sided, 397, 397f
duplication cyst, 395–396, 395f
endometriosis, 402, 404f
epiploic appendagitis, 402–405, 405f
haustrations, 395, 395f
intussusception, 402, 405f
lipoma, 402, 404f
lymphoma, 402, 404f
pseudo-kidney appearance, 402, 403f
scanning technique, 394–395, 395f
sigmoid, 394–395
transverse, 394–395
trauma, 841, 842f
tumours, 402, 403f–404f

Colorectal cancer, 275–276
Colour blooming, 88

Colour Doppler imaging, 28–29, 29f–30f
abdominal aorta atherosclerosis, 788
abdominal trauma, 830
acute appendicitis, 389–390, 391f
adenomyosis, 694–695
adrenal glands, 637
aortic dissection, 789
appendix, 1396
artefacts, 88
before aspiration, 1192
biliary tree, 279–280
carotid arteries, 967, 969
cerebral arteries, 977
cervical lymphatic malformations, 

1295–1296
cervical node vascularity, 932
chronic venous insufficiency, 1244
colitis, 1399
colour blooming, 88
Crohn’s disease, 1392
deep vein thrombosis, 1232, 1232t, 

1235–1236
endoleaks, 785, 787f
eye, 942, 942f
gastro-oesophageal reflux, 1384
gestational trophoblastic disease, 696–697
hepatic artery pseudo-aneurysm, 208–209
hepatic veins

occlusion, 195
stenosis, 210–211

hepatocellular carcinoma, 155–156
image processing, 30b
instrumentation, 30b
intussusception, 1390
kidneys

arteriovenous fistula, 481
renal cell carcinoma, 513–517
renal vein thrombosis, 448
simple renal cysts, 487
transplantation, 530–533, 531f
trauma, 840–841

knee joint effusion, 1088
limitations of, 29–30
liver

adenoma, 145
angiomyolipoma, 149f
fibronodular hyperplasia, 142
haemangiomas, 140
transplantation, 199

lung cancer, 1017
ocular melanoma, 951–952
ovaries

lesions, 670
torsion, 668, 1489

pancreas, 288–290, 290f
transplantation, 320
tumours, 309

parameters, 32, 40–44, 44b
beam steering in linear arrays, 42, 43f
box/area size, 42, 42f
filter, 42–44
flow settings - combination controls, 

44, 45f
focus, 42, 43f
frequency/patient type, 41, 42f
gain, 40, 40f
invert, 41, 41f
persistence, 42–44

post-processing, 42–44
power, 40
priority, 42–44, 44f
scale/pulse repetition frequency, 40–41, 

40f–41f
space/time, 42–44, 45f

penis see Penis, stimulated colour Doppler 
ultrasound

peripheral veins, 1229–1232, 1230f–1232f
Peyronie’s disease, 628
portal veins, 179, 180f

stenosis, 209–210
priapism, 627
proliferative haemangiomas, 1300
prostate, 576
retained products of conception, 711
in rheumatological ultrasound, 1132
scanners, 32, 44b
soft tissue masses, 1113
spleen

abscess, 338–339
infarction, 340–342

tendinopathy, 1025
testicular torsion, 617
thoracic disease, 1018
thyroid nodules, 872
transcranial, 85, 979
venous reflux, 1245

Colour fluid sign, 1018
Column of Bertin, 505, 506f

hypertrophied, 1417f
Comedocarcinoma, prostate gland, 589t
Comet-tail artefacts, 68, 69f, 1008, 1008f

thyroid nodules, 872, 872f
Common extensor origin injection, 1053, 

1173–1174, 1176f
Common extensor tendon, 1046, 1046f
Common flexor tendon, 1045, 1046f
Common hepatic duct, 95, 103, 103f
Common peroneal nerve, 1100
Communicating arteries

anterior
anatomy, 976
transcranial Doppler ultrasound, 

976–978
posterior, 1259t

anatomy, 976
aneurysm, 982f
transcranial Doppler ultrasound, 

976–977, 979f, 981f
Communicating cavernous ectasia of the 

intrahepatic ducts see Caroli’s 
disease

Compartment syndromes, 1155–1156
acute, 1155
chronic exertional, 1155–1156

Complete portal tracts (CPTs), 168
Compression stockings, venous 

incompetence, 1246
Compression technique, appendix 

assessment, 388
Computed tomography (CT)

abdominal aorta, 773
aneurysm, 779

adrenal glands, 632, 636, 640, 642
bladder cancer, 562, 564
cervical cancer, 714
cholangiocarcinoma, 158–160
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contrast-enhanced see Contrast-enhanced 
computed tomography (CECT)

elbow loose bodies, 1047
endometrial cancer, 705
epithelioid haemangioendothelioma, 

160–161
erosions, 1129
versus full potential ultrasound in 

abdominal trauma, 832
inguinofemoral hernia, 1077
kidneys

abscess, 496
renal cell carcinoma, 513–517, 523
trauma, 840–841, 1458

kidneys, ureter and bladder, 428
liver

focal lesions, 138
metastases, 151–153
radio-frequency ablation, 172

lung biopsy, 1017–1018
oesophageal cancer, 354
ovarian cancer, 669
paediatric chest, 1337
pancreas, 285

biopsy, 318
pancreatitis

acute, 295–296
chronic, 301–302

tumours, 306
peripheral nerves, 1158
small bowel

ischaemia, 379
obstruction, 384

thymus, 1339
thyroid, 867
transitional cell carcinoma, 518–520, 521f
in tumour ablation, 863
unstable trauma patient, 843
uterus, 687

Computed tomography (CT) angiography
peripheral arterial disease, 1197, 

1200–1201
pulmonary embolus, 1015
renal artery stenosis, 474, 474t–475t

Computed tomography during arterial 
portography (CTAP), 277

Congenital anomalies
liver, 97
prostatic, 579
see also specific anomalies

Congenital cystic adenomatoid malformation 
(CCAM), 1341, 1343, 1344f

Congenital extrahepatic biliary atresia, 216
Congenital generalised lipodystrophy (CGL), 

116
Congenital malformations, neonatal brain, 

1279–1283
Dandy-Walker complex, 1279–1280,  

1281f
destructive lesions, 1283, 1283f
disorders of sulcation and migration, 

1280–1282, 1282f
dysgenesis of the corpus callosum, 1279, 

1281f
holoprosencephaly, 1280, 1282f
tuberous sclerosis, 1282, 1283f

Conjoined twins, 748, 748f
Connatal cysts, 1257–1258

Connective tissue disorders, kidney 
involvement, 453

Conn’s syndrome, 636
Consolidated lungs, 1339–1340, 1341f
Continuous ambulatory peritoneal dialysis 

(CAPD), 454–455
in children, 1444

Continuous wave (CW) Doppler, 15, 26, 27f
peripheral arterial disease, 1199–1200, 

1203b
transducers, 8

Contrast agents, 77–89
bladder, 552–553
breast cancer diagnosis, 993
British Medical Ultrasound Society 

(BMUS) guidelines, 58
cavernous haemangioma, 141–142
clinical applications of, 84–86
diffuse parenchymal liver disease, 104
European Federation of Societies of 

Ultrasound in Medicine and 
Biology (EFSUMB) guidelines, 58

fallopian tube patency, 734–735
generations, 79
history and development, 77
imaging artefacts, 88
kidneys, 467, 470f

acute tubular necrosis, 484
renal cell carcinoma, 513

liver, 84, 85f, 138–139, 139t
diffuse parenchymal liver disease, 104
metastases, 151–153

microbubbles see Gas bubbles
optimisation, 139–140
scanning strategy, 139–140
types of, 78–81, 79t, 81b
World Federation for Ultrasound in 

Medicine and Biology (WFUMB), 
58–59

see also Contrast-enhanced computed 
tomography (CECT); Contrast-
enhanced intraoperative 
ultrasound (CE-IOUS); Contrast-
enhanced ultrasound (CEUS)

Contrast-enhanced computed tomography 
(CECT)

hepatic artery
pseudo-aneurysm, 208–209
stenosis, 208
thrombosis, 205–207

hepatocellular carcinoma, 200–201
portal venous thrombosis, 201
post-transplant lymphoproliferative 

disease, 213
Contrast-enhanced intraoperative ultrasound 

(CE-IOUS), 273
liver metastases, 152–153, 277–278, 

277f–278f
Contrast-enhanced ultrasound (CEUS)

abdominal trauma, 829–830, 832–833, 
832f–833f

bladder, 553
cholangiocarcinoma, 158–160
versus computed tomography in 

abdominal trauma, 832–833, 833f
epithelioid haemangioendothelioma, 

160–161
gallbladder polyps, 249

hepatic artery thrombosis, 206–207
hepatocellular carcinoma, 155–156, 

157f–159f, 200–201
liver

abscess, 124, 125f
lymphoma, 160
radio-frequency ablation, 172, 173f
trauma, 837

neuroendocrine tumours, 314
pancreas, 288, 291f

tumours, 306–309
portal venous thrombosis, 201
renal trauma, 840–841
spleen, 326–327

abscess, 338–339
infarction, 341f
metastases, 334
trauma, 838
tumours, 334–337

in tumour ablation, 863
Contrast resolution, 15
Conus medullaris, 1319
Copper intrauterine devices, 706–707
Coracoacromial ligament, 1030, 1032f
Coracohumeral ligament, 1030, 1032f
Core biopsy, 318

breast, 1001, 1001t
cervical lymph nodes, 935, 935b, 936f
versus fine-needle aspiration, 848
lungs, 1017
needle types, 849–850, 849f, 849t

fully automated sheathed, 850
manual sheathed, 849
Menghini technique, 849
semi-automated sheathed, 849, 850f

Cornea, 938
Coronary artery bypass, vein mapping, 

1248–1249
Coronary ligaments, liver, 93
Coronary vein varices, 183, 184f
Coronoid fossa, 1043
Corpora amylacea, 576
Corpora cavernosa, 621, 622f

air in, 623–624, 623f
Corpus callosum, 1257

dysgenesis of the, 1279, 1281f
Corpus luteum, 662–663, 663f

cysts, 663, 762–763, 762f
Corpus spongiosum, 621, 622f
Cortical necrosis

acute, 452, 452f
in children, 1444

Couinaud classification, 93, 95–96, 179, 180f, 
193

Courvoisier’s law, 256
Cranial bone thermal index (TIC), 54
Cranial sutures, 1254
Cremasteric artery, 594–595
Crescent in doughnut sign, 384, 385f
Cribriform carcinoma, breast, 995
Cricoid cartilage, 914
Crohn’s disease, 371–376, 372b

abscess, 374–375, 375f
activity, 375–376
appendiceal, 394, 394f
in children, 1392–1393, 1393f
clinical features, 372
colonic, 397, 397b, 398f
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differential diagnosis, 399t
inflammatory phase, 397
versus ulcerative colitis, 397b

differential diagnosis, 379b
fat wrapping, 373
fistula, 375, 376f
local complications, 374–375
locoregional lymphadenopathy, 374
stricture, 374, 375f
ultrasound features, 372–374, 372f–374f
vascular changes, 374

Crossover syndrome, 1059
Crown-rump length (CRL), 745, 745f, 749, 

753, 761
Cruciate ganglia, 1186
Cruciate ligaments, 1090
Cruciform bands, 1055–1056
Cryoablation

renal cell carcinoma, 523
tumours, 858–860, 858f–859f

Cryptorchidism, 807, 1491, 1491f
CT see Computed tomography (CT)
Cubital tunnel, 1052
Cumulative pregnancy rates, 730, 731f
Currarino’s triad, 1334, 1335f
Cushing’s syndrome, 636
Cutaneous pits, 1328–1330, 1330f
Cystadenomas

intrahepatic biliary, 149–150
pancreas, 311–312, 311f

Cystic adenoid carcinoma, prostate gland, 
589t

Cystic duct, 95, 103f
anatomy, 227
normal anatomical variants, 227–228

Cystic fibrosis (CF)
in children, 1358–1359
liver involvement, 117–118, 117f, 

1358–1359
microgallbladder, 251
pancreas in, 1380

Cystic hygroma
cervical, 913
parotid gland, 905, 906f
submandibular region, 898

Cystic necrosis, 930
Cystic renal dysplasia, 1439f

in children, 1437–1438
Cystitis, 568, 568b

in children, 1449–1453
Cyst of Morgagni, 595, 597f, 598
Cystoscopy, bladder cancer, 562–563, 565
Cystosis, 1380
Cysts, 1115–1116

abdominal wall, 806b
ablation, 816
acromioclavicular joint, 1039–1040,  

1040f
adrenal, 634–635, 634f, 1464, 1465f
AIDS-related parotid, 905
arachnoid, 1279–1280, 1284
aspiration, 1192–1193
Baker’s see Baker’s cyst
Blake’s pouch, 1279–1280
branchial, 905, 1296–1297, 1297f–1298f
branchial cleft, 908, 908b, 909f–910f
breast, 987–988, 988f
bronchogenic, 1299, 1348, 1348f

choledochal, 263–264, 265f, 1369–1370, 
1371f–1372f

choroid plexus, 1255
colloid, 1309, 1310f
colonic duplication, 395–396, 395f
corpus luteum, 663, 762–763, 762f
dermoid, 674–676, 674f–677f, 676b, 

893–894, 1298, 1298f–1299f
duplication see Duplication cysts
echinococcal, 129–130, 130f–131f, 170
endometrium, 742f
epidermal inclusion, 1116
epidermoid, 602, 603f, 893–894, 894f
epididymal, 608, 609f
ganglion see Ganglion cysts
Gartner’s duct, 716, 716f
hydatid see Hydatid disease
juxtaventricular, 1257–1258
labral, 1037, 1038f
liver, 97–98, 98f, 1363–1364, 1364f
lymphoepithelial, 905, 905f
meniscal, 1091, 1091b, 1091f, 1115–1116
mesenteric see Lymphangiomas
milk of calcium, 492, 511–512, 511f
Müllerian duct, 716
myometrial, 694–695
nabothian, 713
neonatal brain, 1284
neurenteric, 1348
oesophageal, 358–359, 359f
oil, breast, 988
omental, 1483
ovarian see Ovaries, cysts
paediatric, 1510
pancreas

congenital, 1378
neoplasms, 311–313, 311f–314f, 312b

paraovarian, 664, 1485
parathyroid, 887, 1298–1299
parotid gland, 905, 905f
periarticular, 1134, 1134f
pericardial, 1348, 1349f
peripheral nerve compression, 1165–1166, 

1166f
peritoneal inclusion, 697–698, 699f
popliteal see Baker’s cyst
prostate, 579, 580f, 583–584, 583t, 

584f–585f, 591
renal see Kidneys, cysts
retroperitoneal, 821, 822f
sebaceous, 989, 989f
spleen, 337–340, 338t, 339f, 341f, 344
synovial, 1091, 1115
testicular, 605–606, 606f
theca lutein see Theca lutein cysts
thymic, 1298–1299
thyroglossal duct, 893, 1294–1295,  

1295f
thyroid, 870, 870f, 1309, 1310f
transvaginal drainage/aspiration, 722–723, 

722b, 723f–724f
complications, 723
method, 722–723
rationale, 722

tunica albuginea, 606
tunica vaginalis, 606
urachal, 807
vaginal, 716, 716f

Cytomegalovirus
in HIV/AIDS, 132
neonatal brain infection, 1273

D

Damped waveform
limitations of, 477
renal artery stenosis, 476–477, 476t

Dandy-Walker complex, 1279–1280, 1281f
Dartos fascia, 621
D-dimer testing, 1236
Decibels (dB), 23–24
Deep inguinal ring, 802, 803f, 1077
Deep vein thrombosis (DVT)

acute, 1235–1237, 1238f, 1238t
asymptomatic, 1237
and Baker’s cyst, 1089
chronic, 1237–1240, 1238t, 1239f
diagnosis, 1232, 1232f, 1232t
facts, 1228b
lower limb venous imaging, 1227–1228
microbubbles, 1240
monitoring of clot lysis, 1240
and pulmonary embolus, 1015–1016
symptomatic, 1235–1237, 1237f
upper limb venous imaging, 1240, 1240t
Wells clinical score, 1236t

Definity, 79–80, 79t, 80f, 87
Delayed-onset muscle soreness (DOMS), 

1151–1152
Deltoid ligament, 1096, 1097f, 1104
Demodulation, 25, 25f
De Morsier’s syndrome, 1280
Denonvillier’s fascia, 573
Dental abscess, 906, 906f
De Quervain disease, 1060, 1061f
De Quervain’s thyroiditis, 883–884, 884f
Dermal sinuses, 1326–1327, 1327f–1328f
Dermatofibrosarcoma protuberans (DFSP), 

1123
Dermoid cysts, 675f–677f, 676b, 893–894

in children, 1298, 1298f–1299f
ovarian, 674–676, 674f
spinal, 1327f–1328f

Dermoid mesh, 674–675, 675f
Desmoid tumours, abdominal wall, 806, 807f
Destruction-replenishment, 82–84
Developmental anomalies

implications of heating, 53
prostatic, 579

Developmental dysplasia of the hip, 1497, 
1498t

Diabetes mellitus
kidney involvement, 452–453
and peripheral arterial disease, 1198

Dialysis, 454–455
complications, 455, 455f

Diaphragm, 1010
anatomy, 1339, 1339f
crura, 98, 99f, 818
eventration, 1350, 1351f
hernias, 1348–1350, 1350f
inverted, 1010, 1011f
liver transplantation complications, 221
normal, 1007, 1007f
paediatric, 1339, 1339f, 1348–1350, 1349b
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paralysis and paresis, 1350, 1351f
rupture, 1007
trauma, 841

Diastematomyelia, 1325, 1326f
Dicrocoelium dendriticum, 251
Diffraction, 5–6, 6f
Digastric muscles, 891
Dilated pelvicalyceal system, 493, 494f, 518
Dimples, spinal, 1328–1330
Disciform lesions, retina, 948, 948f
Disease-modifying anti-rheumatic drugs 

(DMARDs), 1132
Distal augmentation, peripheral veins, 1231, 

1231f, 1234–1235, 1236f
Distal intersection syndrome, 1059
Distortion, non-linear, 12
Diverticular disease

bladder, 566, 567t, 1425, 1429f
calyceal, 493, 494f, 1442f
colonic, 396–397, 396f

right-sided, 397, 397f
renal pelvic, 493, 494f

Doppler imaging, 13–14, 13f–14f, 14b, 26–30
abdominal trauma, 829
aliasing, 28
aortic dissection, 789
artefacts, 88
arteriovenous fistula, 481
autocorrelator, 29
axillary lymph nodes, 998
breast cancer

diagnosis, 993
response to chemotherapy, 999

carotid arteries, 969–971, 970t, 971f, 
976–983

carpal tunnel syndrome, 1064–1065
cervical lymph nodes, 932, 933f
colour flow see Colour Doppler imaging
continuous wave see Continuous wave 

(CW) Doppler
in ectopic pregnancy, 756–757
endoleaks, 787
eye, 941–942, 942f
frequency estimation and display, 28,  

29f
hepatic artery, 189–192

stenosis, 208
thrombosis, 205–207

hepatocellular carcinoma, 155–156
high pass filtering, 28, 28f
hypoxic ischaemic encephalopathy, 1266, 

1269
inferior vena cava thrombosis, 792
instrumentation, 28b
kidneys, 467, 469–470, 1409, 1412f

abnormalities in hypertension, 475–476, 
478f

acute glomerulonephritis, 484
acute tubular necrosis, 484
arteriovenous fistula, 481
arteriovenous malformations, 482
in children, 1456–1457
chronic renal failure, 484
colour flow map, 469, 469f
disease, 447
haematoma, 495
hepatorenal syndrome, 484
intrarenal vessels, 470–471, 477

main renal trunks, 471–472, 471f–473f, 
477

normal pattern, 469–470
parenchymal disease, 483–484, 484b
renal artery occlusion, 478f
renal artery stenosis, 448, 467, 

474t–475t, 475–477
renal infarcts, 478, 479f
renal vein thrombosis, 479–480
small vessel disease, 484
spectral (pulsed wave) arterial pattern, 

469–470, 470f
technique, 470–472
transplantation, 467–468, 530–533
tubulo-interstitial disease, 484
vasculitis, 484

muscle injury, 1137
ocular melanoma, 952–953
ovaries

endometriosis, 681
haemodynamics, 655
lesions, 670

pancreatic tumours, 309
pelvi-ureteric dilatation, 441
portal hypertension, 181
power see Power Doppler
pulsed wave see Pulsed wave Doppler
pyelonephritis, 460
resolution, 15
in rheumatological ultrasound, 1126,  

1132
shift frequency estimation, 29
transcranial, 85
transducers, 8
transjugular intrahepatic portosystemic 

shunt, 187–188, 188b
uterus haemodynamics, 655

Dorsal dermal sinuses, 1326–1327, 
1327f–1328f

Dorsalis pedis artery, 1207, 1207f
Double-bleb sign, 750, 750f
Double-bubble sign, 1388
Double decidual sign, 751
Double wall sign, 1483
Doughnut sign, 384, 385f, 1390
Drainage techniques, 853–857

abscesses, 1192, 1193f
breast, 989
intra-abdominal, 815
liver, 124, 125f
pelvic see Pelvic abscess drainage

cyst ablation, 856–857
diagnostic aspiration versus, 853
drain fixation, 856, 856b, 857f
drain placement, 854–856, 856f–857f
drain types, 854, 856f, 856t
locking drains, 813
nature of the collection, 854, 854t,  

855f
post-procedural care, 856
pre-procedural assessment, 854
Seldinger technique, 804f, 816
side holes, 813–815
sump drains, 813
Trocar technique, 815–816

Dromedary hump, renal, 505, 506f
Drug delivery, contrast microbubbles, 87
Drusen (hyaline bodies), 948, 948f

Ductal carcinoma in situ (DCIS)
breast, 991, 996, 996f, 1002
vacuum-assisted biopsy, 1002

Duct ectasia, 583–584, 583t, 584f
Ductus deferens, artery to the, 594–595
Ductus epididymis, 594
Duodenum, 365, 366f

atresia, 1388, 1389f
duplication, 1394, 1394f
haematoma, 1394, 1394f

Duplex scanning
abdominal aortic aneurysms, 777–781

abnormal appearance, 777–779, 
778f–780f

distance between renal arteries and 
aneurysm sac, 780

limitations and pitfalls, 781
measurement of aneurysm size, 780, 

781f
normal appearance, 777, 778f
objectives, 777, 777f
patient preparation, 777, 778f
variability of measurement between 

ultrasound and CT, 779
bladder, 551, 553f
peripheral arterial disease, 1200–1207, 

1203b, 1203f–1204f
aorto-iliac and femoropopliteal 

segments, 1206
below-knee segments, 1206–1207, 1207f
reporting, 1207, 1208f
scanning technique, 1205–1206, 

1205f–1206f
peripheral artery bypass grafts, 1209
transcranial, 85

Duplication cysts, 816, 1347b, 1348
duodenal, 1394, 1394f
neonatal, 1483
pancreas, 1378

Dupuytren’s contracture, 1122
Dynamic range, 23–24, 24f
Dynamic scanning

carpal tunnel syndrome, 1064–1065
muscle injury, 1137

Dysfunctional uterine bleeding (DUB), 
688–689

Dysgerminoma, ovarian, 676
Dyslexia, 56–57
Dysmenorrhoea, 688
Dyspareunia, 688, 691

E

Eagle-Barrett syndrome, 1427–1428
Echinococcal cyst, 129–130, 130f–131f, 170

see also Hydatid disease
Echinococcosis see Hydatid disease
Echinococcus granulosus, 129, 339–340
Echinococcus multilocularis, 130
Echo-endoscopes, 351–352, 352f
Echoes

B-mode imaging, 17
definition, 16
dynamic range, 23–24, 24f
liver, 104–105, 106f
multiple, 65–68, 67f
scattered, 61–62
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Echogenic bile, 240–241, 241f–242f
Echogenic fluid, 64–65, 65f
Echogenic swirling sign, 1009
Echovist, 79, 734, 735f
Ectopia lentis, 943, 944f
Ectopic pregnancy, 753b

adnexal findings, 754–756, 755f, 755t
bagel sign, 755f
β-hCG level, 760, 760t
caesarean scar, 758, 759f, 760t
cervical, 757–758, 758f–759f, 758t
complex mass, 755–756, 756f–757f
Doppler ultrasound, 756–757
endometrial appearances, 754f, 754t
heterotopic gestation, 753
incidence, 753
interstitial, 757, 757f–758f, 757t
intraperitoneal fluid, 756, 757f
locations, 753t
methotrexate, 757, 767, 767t
negative ultrasound, 760
non-surgical management, 766–767
normal adnexal regions, 754
ovarian, 758
pregnancy of unknown location, 760, 

760b, 760f, 761t
pseudo-gestation sac, 754, 755f
risk factors, 753
tubal miscarriage, 756, 757f
tubal ring with yolk sac/embryo, 754–755, 

755f–756f
tubal rupture, 756, 756f, 756t
unusual gestations, 757–758, 757f
uterine findings, 753–754, 754f, 754t

Egyptian eye, 1244–1245, 1244f
Ejaculation, retrograde, 580t
Ejaculatory ducts, 574

cysts, 583t, 584f
injection of contrast, 591
normal sonographic appearances, 576–579
obstruction, 584, 585f

Elastofibroma, 1122
Elastography, 12–13

breast cancer diagnosis, 993
pancreas, 288
soft tissue masses, 1113
thyroid nodules, 872

Elbow, 1043–1054
anatomy, 1043–1046, 1046b
anterior compartment, 1043–1044, 1044f
bursitis, 1050, 1050f–1051f
effusion, 1047, 1047f
injection, 1053
interventional techniques, 1173–1175
joint aspiration, 1053
joint injection, 1175, 1177f
lateral compartment, 1046, 1046f
lateral epicondylitis (tennis elbow), 1049, 

1050f
ligament injury, 1051, 1051f
loose bodies, 1047–1048, 1047f–1048f
medial compartment, 1045, 1046f
medial epicondylitis (golfer’s elbow),  

1050
nerve entrapment, 1052–1053, 1052b, 

1052f–1053f
paediatric bony injury, 1051, 1051b, 1052f
posterior compartment, 1045, 1045f

pulled, 1051, 1052f
synovial osteochondromatosis, 1047–1048, 

1048f
synovitis, 1047, 1047f
technique, 1043–1046, 1046b
tendon injury, 1048–1050, 1048f–1049f

Elderly patients, acute appendicitis, 389
Electronic focusing, 21, 21f
Elevation focusing, 21, 22f
Emboli

counting, 979–980, 980f
pulmonary, 1015–1016, 1016b, 1016f

Embryo
appearance in the first trimester, 744–745, 

744f–745f, 745t
heartbeat, 745, 761, 761t
transfer, 737, 737f

Embryology
adrenal glands, 1464
implications of heating, 53
ovaries, 1468–1470
parathyroid, 884
prostate, 572
renal tract, 1407–1409
spine, 1322
testis, 593–594
thyroid, 868–869
uterus, 1468–1470

Embryonal cell carcinoma, testicular, 599–600, 
600f

Emphysema, congenital lobar, 1343–1344
Emphysematous pyelitis, 460
Empty amnion sign, 745, 750, 750f
Empyema, 1009, 1009f

in children, 1346f
Encephalopathy, hypoxic ischaemic, 

1264–1269, 1266b, 1267t, 
1268f–1270f

Endarterectomy, 966
Endoanal ultrasonography, 406
Endocardial border definition (EBD), 79, 

85–86
Endocavity ultrasound

bladder, 551
transducers, 19f

Endocrine development, female, 1470
Endodermal sinus tumours see Yolk sac 

tumours
Endoleaks, 782, 783t, 784b, 784f, 786f–787f, 

787
Endoluminal ultrasound, bladder cancer, 564
Endometrioid tumours, 673, 673f
Endometriomas, 402

abdominal wall, 806, 806f
extraperitoneal, 1117
ovarian, 680–681, 681b, 681f, 730

Endometriosis, 402, 404f
bladder, 568
as a cause of subfertility, 730
ovarian, 680–681, 681b, 681f

Endometritis, 709, 709b, 710f
pelvic inflammatory disease, 682, 682f

Endometrium, 700–712
ablation, 697
anastrozole and, 706
Asherman’s syndrome, 709
cancer, 702–705, 705b

aetiology, 702

diagnosis, 702–705, 702f–705f
management, 705
other investigations, 705
screening, 705
staging, 704–705, 706f, 706t
symptoms, 702

cyst, 742f
in ectopic pregnancy, 754, 754f, 754t
endometriosis see Endometriosis
endometritis see Endometritis
haematometrium and related conditions, 

709–711, 711f–712f
hormone replacement therapy and, 

705–706
hyperplasia, 700, 700b, 700f, 700t, 706
hysteroscopy, 688
intrauterine devices, 706–708, 707f–709f, 

708b
intrauterine synechiae, 709
medications and, 705–706
normal, 699f, 700
oral contraceptive pill and, 705
osseous metaplasia, 732–733, 732f
polyps, 693, 700–702, 701f, 702b, 733, 733f
postpartum uterus, 711–712, 712f
retained products of conception, 696, 

711–712
tamoxifen and, 706, 707f
thickening in early pregnancy, 741, 741f

Endomysium, 1138
Endoneurium, 1158
Endoscopic retrograde 

cholangiopancreatography 
(ERCP)

bile duct calculi, 236
choledocholithiasis, 280
pancreatitis, chronic, 302

Endoscopic ultrasound (EUS)
biliary system, 236, 236f
equipment, 351–352, 352f
general principles, 351b
islet cell tumours, 279
neuroendocrine tumours, 314–315
pancreas, 285, 288–291, 291f–292f

biopsy, 318
pancreatitis

acute, 296
chronic, 302–304

tumours, 309, 310f
upper gastrointestinal tract, 353f

appearance, 352–353
cancer staging, 353–354, 355t, 356f–

357f, 360
clinical indications, 353
equipment, 351–352
oesophagus, 354–360
present and future, 366
stomach, 360–365

Endotension, 783t
Endovaginal ultrasound, bladder, 551
Endovascular aneurysm repair (EVAR), 

abdominal aortic aneurysm, 
781–787, 783f–787f, 783t–784t, 
784b

Endovascular Aneurysm Repair Trial 1 
(EVAR1), 782

Endovenous ablation, 1246–1248
Enhancement, 64, 64f
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Entamoeba histolytica, 126, 400, 1364–1365
Entheseal disease, 1131, 1131b, 1132f
Enthesitis, 1131, 1132f
Enthesopathy, ankle, 1102–1103, 1103f
Enuresis, 1462
Ependymomas, 1333
Epicondylar groove, 1052
Epicondylitis

diagnosis, 1053
lateral, 1049, 1050f
medial, 1050

Epidemiology, safety of ultrasound, 56–57
Epidermal inclusion cysts, 1116
Epidermoid cyst, 893–894, 894f

testicular, 602, 603f
Epididymis

abscess, 615, 615f
adenomatoid tumour, 610, 610f
anatomy, 594
appendage torsion, 617, 618f
cysts, 608, 609f
inflammatory disease, 614–615
leiomyoma, 610
normal ultrasound appearance, 595–598, 

597f
tubular ectasia, 608
vasectomy, 608, 609f

Epididymitis, 614–615, 614f
chronic, 615
tuberculous, 615, 615f

Epididymo-orchitis, 612–615, 615b
paediatric, 1492, 1493f

Epigastric hernia, 804, 804f
Epiglottis, 913, 913f
Epimysium, 1138
Epineurium, 1158
Epiphyses, elbow, 1043
Epiploic appendagitis, 402–405, 405f
Epithelial cell tumours, ovarian, 1487
Epithelioid haemangioendothelioma,  

160–161
Erectile dysfunction, 621–623

arteriogenic, 624
background, 621–623
physiology of the erectile process, 623
priapism, 627, 627b, 627f
veno-occlusive, 624–625, 626f

Erosions, ultrasound features of, 1129, 1129b, 
1130f

Escherichia coli
epididymo-orchitis/epididymitis, 614
liver abscess, 124
renal abscess, 496
urinary tract infection, 1448

Ethanol ablation, parathyroid lesions, 887
European Carotid Surgery Trial (ECST), 965
European Federation of Societies of 

Ultrasound in Medicine and 
Biology (EFSUMB), 58

contrast agents guidelines, 139
contrast-enhanced ultrasound for liver 

metastases, 153
European Society of Hysteroscopy fibroid 

classification, 691
Ewing’s sarcoma, 1110f
Extended field-of-view (EFOV) imaging, 1137
Extensor carpi radialis brevis (ECRB), 1055, 

1056f

Extensor carpi radialis longus (ECRL), 1055, 
1056f, 1058f

Extensor carpi ulnaris (ECU), 1055, 1056f, 
1062

Extensor digiti minimi (EDM), 1055, 1056f
Extensor digitorum brevis (EDB), 1098
Extensor digitorum communis (EDC), 1055, 

1056f
Extensor digitorum longus (EDL), 1097–1099
Extensor hallucis longus (EHL), 1097–1098
Extensor indicis proprius (EIP), 1055, 1056f
Extensor pollicis brevis (EPB), 1055, 1056f
Extensor pollicis longus (EPL), 1055, 1056f, 

1058, 1058f
Extensor tendons, 1055, 1056f

tears, 1057, 1058f
External oblique muscle, 1076
Extra-corporeal shock-wave lithotripsy 

(ESWL), 55
Extradural haematoma, 1285
Extrahepatic biliary atresia (EHBA), 1368–

1369, 1369f–1370f
Extrahepatic duct, 95
Extramedullary haematopoiesis, 507
Extrarenal pelvis, 1412, 1417f
Eye, 938–958

anatomy, 938–941, 939f–941f
biometry, 958, 958f
British Medical Ultrasound Society 

(BMUS) guidelines, 58
choroid, 940

detachment, 946
haemangioma, 954, 954f
melanoma, 951–953, 951f–953f
metastases, 953, 954f
naevus, 954
osteoma, 954, 954f

ciliary body, 940
melanoma, 951–953, 953f

cornea, 938
examination technique, 941–943

A-scan, 941, 942f
Doppler, 941–942, 942f
2D scanning, 941
3D scanning, 943, 943b
ultrasound biomicroscope, 942, 942f

eyeball, 938, 959
foreign bodies, 957–958, 958f
indications, 943, 943b
iris, 940
lens, 943

cataract, 943, 943f
ectopia lentis, 943, 944f
intraocular implant, 943, 943f
trauma, 956, 956f

muscles, 959–960
refracting media, 940–941, 941b
retina, 940, 941f, 943–948

acquired retinoschisis, 947–948, 948f
detachment, 943–947, 944f

choroidal detachment, 946, 947f
conditions mimicking, 947b
exudative, 946
non-rhegmatogenous, 946
posterior vitreous detachment, 

944–945, 945f
proliferative vitreoretinopathy, 

945–946, 946f

rhegmatogenous, 944
traction, 946–947, 947f
vitreoretinal traction, 944–945, 

944f–945f
disciform lesions, 948, 948f
drusen (hyaline bodies), 948, 948f
haemorrhage, 952
tear, 944–945, 945f

sclera, 938, 940f
trauma, 956–958, 956f–958f, 957b
tumours, 951–955
ultrasound features, 938–941
vitreous, 949–950

asteroid hyalosis, 949, 949f
haemorrhage, 952, 956, 956f
persistent hyperplastic primary, 949, 

949f, 955
posterior detachment, 949–950, 

949f–950f
incomplete, 950, 951f

synchysis scintillans, 949
see also Orbit

F

Falciform ligament, liver, 93, 205, 205f
Fallopian tubes

abscess, 682, 683f
hysterosalpingo-contrast sonography for 

patency of, 734–735, 735f
normal development, 1469f
patency of, 734–735, 735f
pelvic inflammatory disease, 682, 

682f–683f
rupture in ectopic pregnancy, 756, 756t
spasm, 735
torsion, 1488–1489

Fascia bulbi, 938
Fasciculi, 1138
Fasciola hepatica, 131, 251
Fascioliasis

acute, 131
gallbladder, 251

FAST see Focused assessment with 
sonography in trauma (FAST)

Fat atrophy, muscle, 1154, 1154f
Fat necrosis, 1115, 1115f

breast, 988, 988f
Fatty infiltration

infraspinatus, 1035, 1035f
liver see Fatty liver

Fatty liver, 105–111, 146–148
causes of, 105
in children, 1359–1360, 1359f–1360f
conditions associated with, 107t
diffuse, 105–106, 108f
focal fatty change, 107, 109f, 110b, 147
focal fatty sparing, 108–110, 109f–110f, 

110b, 147, 148f
histology, 105, 106f
multifocal steatosis, 147–148
non-alcoholic fatty liver disease, 105, 

110–111, 111f
non-alcoholic steatohepatitis, 110–111, 111f
temporal changes, 105, 107f

Female pseudohermaphrodites, 1475–1476
Female sexual cycle, 649, 650f
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Femoral artery, 1229–1230
occlusion, 1205f
stenosis, 1204f–1206f, 1206

Femoral canal, 1079–1080
Femoral hernias, 803–804, 804f, 1079–1080, 

1080f
Femoral neck fracture, 1070
Femoral veins, 1228–1230

duplication, 1234
spontaneous flow, 1230–1231

Femoroacetabular impingement, 1070–1071
Fertility

assessment of, 730–739
and fibroids, 691
hysterosalpingo-contrast sonography for 

tubal patency, 734–735, 734f–
735f, 735b

infertility see Infertility
scanning through an IVF cycle, 735–738

downregulation, 735–736
embryo transfer, 737, 737f
follicular development, 736, 736f
oocyte capture, 736–737, 736f
ovarian hyperstimulation syndrome, 

738, 738f, 738t
subfertility see Subfertility

Fetal anomalies, first trimester, 746–747,  
746f

Fetal heart monitoring, British Medical 
Ultrasound Society (BMUS) 
guidelines, 58

Fibroadenoma, breast, 990–991, 990f
Fibro-adipose septa, 1026
Fibrohistiocytoma, retroperitoneal, 819–820
Fibroids, 668, 689–694, 693b

bridging vascular sign, 691
calcification, 691–692, 692f
as a cause of subfertility, 731–732, 732b, 

732f
cervical, 713, 714f
in early pregnancy, 763, 763f
fertility and, 691
malignant change, 693
necrosis, 692, 693f
nomenclature of site of, 691
pregnancy and, 690, 690f
pyomyoma, 690
risk factors, 689
size and age, 690
subserosal, 691
symptoms, 691
torted pedunculated, 691
treatment, 693–694
ultrasound appearances, 691–693, 

691f–692f
vaginal, 716
vascularity, 693
venetian blind pattern, 691–692, 692f

Fibrolamellar hepatocellular carcinoma 
(FLHCC), 160, 201, 216

Fibrolipoma, filum terminale, 1324
Fibrolipomatous hamartoma, 1166
Fibromas

medullary, 512
ovarian, 678, 679f
plantar fascia, 1106

Fibromatosis, 1122
in children, 1302–1303

congenital generalised, 1302–1303
deep, 1122
infantile (desmoid-type), 1303
palmar, 1122
plantar, 1122
plantar fascia, 1106
superficial, 1122, 1122f

Fibromatosis colli, 1302, 1303f, 1511, 1511f
Fibronodular hyperplasia (FNH), 142–143, 

144f–145f
Fibrosarcoma, 1123
Fibrosis

hepatic, 111, 111f
penile, 628

Fibrotic haemangioma, liver, 141–142, 143f
Field, 6
FIGO staging

cervical cancer, 715t
endometrial cancer, 706t

Filum terminale, 1318
lipoma, 1324, 1324f
tight filum terminale syndrome, 1324–

1325, 1325f
Fine-needle aspiration (FNA)

breast, 1001, 1001t
cervical lymph nodes, 934–935, 935b, 935f
versus core biopsy, 848
general principles, 847–853
lungs, 1017
needle guides, 852, 852f
needle tip visualisation, 850–852, 851b, 

851f–852f
needle types, 848–849, 848b, 849f, 849t
oesophageal cancer, 354
pancreas, 290

biopsy, 318
patient selection/preparation, 847–848
post-procedural care, 853
pre-procedural assessment, 848
procedural planning and ergonomics, 852, 

852f
safety/complications, 853
specimen handling, 852–853, 853f
spleen, 345
thyroid nodules, 882
track seeding, 853

Fistulae
aortocaval, 795
arteriovenous see Arteriovenous fistula
to the bladder, 566, 567t, 568
Crohn’s disease, 375, 376f
dialysis, 455, 455f
haemodialysis access, 1215, 1220t–1221t, 

1223, 1224f
inferior vena cava, 795, 795f
trans-sphincteric, 408

Flash artefact, 1126, 1127f
Flash contrast imaging, 82–84, 83f
Flash frames, 82–83, 83f
Flexor carpi radialis (FCR), 1055–1056, 1056f, 

1059–1060, 1060f
Flexor carpi ulnaris (FCU), 1055–1056, 

1059–1060, 1061f
Flexor digitorum longus, 1096, 1104
Flexor digitorum profundus (FDP), 1055, 

1056f
Flexor digitorum superficialis (FDS), 1055, 

1056f

Flexor hallucis brevis, 1096
Flexor hallucis longus, 1096, 1104, 1106–1107
Flexor pollicis longus (FPL), 1055, 1056f, 

1059f
Flexor retinaculum, 1057
Flexor tendons, 1055, 1056f

tears, 1058–1059, 1059f
Flowmetry, 554–555, 555f
Fluid bronchogram, 1014
Fluid collections

aspiration/drainage, 1192–1193
liver transplantation, 212–213
nature of, in drainage, 801t, 803f, 807–809
peritoneum, 815–816, 816f
retroperitoneum, 821–823, 822t,  

823f–825f
Fluid colour sign, 1008, 1009f
Focal nodular hyperplasia (FNH), 1364f

in children, 1363
Focused assessment with sonography in 

trauma (FAST), 829f
abdominal aortic aneurysm, 775
abdominal trauma, 828–829, 829b, 

829f–830f, 831–832, 843
bladder, 569
versus full potential ultrasound, 831–832
unstable trauma patient, 843

Focused ultrasound, tumour ablation, 859
Focusing

electronic, 21
elevation, 21

Foley balloon catheter, 556, 558f, 569
Follicle(s)

development, 736
rupture, 730

Follicle-stimulating hormone (FSH), 649, 661
in in-vitro fertilisation, 736
menarche, 1472–1473

Follicular neoplasm, thyroid, 876–878, 877b, 
877f–878f

Fontanelles, 1254, 1254f–1255f
Food and Drug Administration (FDA), 51, 57, 

57t
Foot

anatomy, 1098, 1100b
disease processes, 1106–1107, 1107b
interventional techniques, 1187–1190
mass lesions, 1107
pain, 1106–1107
plantar aspect, 1100–1101, 1100f–1101f
short muscles, 1101
technique, 1098, 1098f, 1101b

Footballer’s ankle, 1105
Foramen of Winslow, 93
Forearm muscles, 1140t, 1141, 1142f
Forefoot injections, 1189–1190
Foregut

duplication cysts, 1347b, 1348
malformations, congenital, 1299

Foreign bodies
bladder lumen, 556–558, 558f–559f
eye, 957–958, 958f
granulomas, 1117
localisation, 1190–1191
paediatric, 1507–1508, 1508f
vaginal, 715–716, 1490

Fourier components, 7, 7f–8f
Fournier’s gangrene, 618, 618f
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Fractures
ankle, 1105–1106
greater tuberosity, 1041, 1041f

Frame averaging, 26, 26f
Freiberg’s disease, 1107
Frequencies, 3, 8b, 17–18, 29

analysis, 7
application set-ups, 33

Frozen shoulder, 1037, 1038f
Full potential ultrasound

abdominal trauma, 829–832, 831b, 831f
versus computed tomography, 832
versus FAST, 831–832

Fundamental imaging, 81, 81f
Fungal infection

liver, 127–128, 128f
renal, 464, 465b
spleen, 339

Fungus balls, 434

G

Galactoceles, breast, 988, 988f
Gallbladder

adenomas, 249, 249f
agenesis, 1375
anatomy, 227, 230f–231f
in ascites, 242–243, 242f
biliary sludge, 240–241, 241f–242f
bilobed, 1375
carcinoma, 249–250, 250f–252f
in children, 1356, 1375–1376
cholecystitis see Cholecystitis
contracted, 238–239, 238f
disease in children, 1375
distension, 251, 253f

in jaundice, 256–258
double-arc shadow sign, 238f, 239
ectopic, 1375
empyema, 245
folding, 228, 232f, 1375
function studies, 236
hydrops, 251, 253f

in children, 1375
hyperplastic cholecystoses, 247, 248f
intrahepatic, 228
metastatic deposits, 250, 252f
microgallbladder, 251–253, 253f
microlithiasis, 240–241, 241f
mucocele, 251, 253f
neck of, 230f–231f
normal anatomical variants, 228, 232f, 

1375
parasitic infections, 250–251, 252f
pathology, 236–253
Phrygian cap, 228, 231f
polyps, 247–249, 248f–249f
porcelain, 250, 251f
septa, 228, 232f, 1375
stones see Gallstones
strawberry, 247
tenderness, 244
trauma, 841
ultrasound technique and appearance, 

228–236, 233f, 1375
wall, 228, 233f–234f

gas in, 245–246

lesions in children, 1375–1376
thickening, 242f–243f, 243–244, 243t

in acute liver disease, 120–121, 122f
in ascites, 811, 812f
in chronic liver disease, 200, 200f
spurious, 234f

worms, 250–251
Gallstones, 228, 237–240

carcinoma risk, 249–250
in children, 1375, 1375f
classic appearances, 237–238, 237f–238f
contracted gallbladder, 238–239, 238f
double-arc shadow sign, 238f, 239
versus gas, 233, 234f
movement/layering/floating of, 239–240, 

239f–241f
pancreatitis risk, 294
prevalence, 237
shadowing, 237, 237f–238f

Gamekeeper’s thumb, 1063–1064, 1064f
Gamma curve, 26, 26f
Ganglion cysts, 1116, 1116f

ankle, 1104–1105, 1105f
aspiration, 1178, 1179f, 1192
cruciate, 1186
foot, 1107
Hoffa’s, 1186, 1187f
nerve compression, 1165–1166, 1166f
paediatric, 1510, 1510f
proximal tibiofibular joint, 1091
wrist, 1066, 1066f

Ganglioneuroblastoma, 1466
Ganglioneuromas, 1312, 1313f

in children, 1466
Gartner’s duct cyst, 716, 716f
Gas

bile duct, 259, 260f
gallbladder wall, 245–246
versus gallstones, 233, 234f
portal vein, 189, 191f, 210
vaginal, 716

Gas bubbles
acoustic cavitation see Acoustic cavitation
contrast

albumin-coated, 80
dynamics, 78, 78b
imaging of, 81–84

fundamental imaging, 81, 81f
high MI techniques, 82–84, 83f
low MI techniques, 82, 82f
newer techniques, 84
second harmonic imaging, 81–82, 

82f
lipid-stabilised, 79–80
other potential uses, 86–87
polymer-coated, 80–81
in renal transplantation, 542–547, 

544f–546f, 546b
resonant behaviour of, 78
safety of, 87–88
size, 77–79
targeted, 86–87

deep vein thrombosis, 1240
experimental work associated with, 55
factors affecting incidence of, 55–56
hazards from, 55
high risk situations, 56
in-vivo animal and human effects, 55

modelling, 55
safety, 54–56
shadowing, 64–65

Gastrinomas, 279, 313–314, 316f
Gastrocnemius muscle, 1093
Gastroduodenal artery, 286
Gastrointestinal stromal tumours (GISTs), 

358, 358f, 362, 363f
in children, 1388f
small bowel, 381, 383f

Gastrointestinal tract obstruction, 300
Gastro-oesophageal junction in children, 

1383–1384, 1384f
gastro-oesophageal reflux, 1383–1384,  

1384f
technique and normal anatomy, 1383

Gastro-oesophageal reflux, 1383–1384
Gene delivery, contrast microbubbles, 87
Genioglossus muscle, 913
Geniohyoid muscles, 893
Genitalia, ambiguous, 1473–1478
Genital tract

female
congenital anomalies, 655–659
normal development, 1468–1470,  

1469f
see also specific anatomical areas

Germ cell tumours
mixed, 599, 600f
non-seminomatous, 599–600
ovarian, 1485, 1486f–1487f, 1487–1488
regressed/burnt-out, 600, 601f
seminomatous, 599
testicular, 599–600, 600f–601f, 1494

Germinal matrix haemorrhage, 1260–1263, 
1262f–1265f, 1262t

Gerota’s fascia, 413, 817
Gestational trophoblastic disease (GTD), 

696–697, 696f–697f, 764–765
complete hydatidiform mole, 764, 764f, 

765t
partial hydatidiform mole, 764–765, 765f, 

765t
Gestation sac, 741–743, 742f–743f, 742t, 744t

abnormally low position, 750–751, 751f
pseudo-gestation sac, 754
shape, 750, 751f
size, 750, 750f

Giacomini vein, 1242, 1245
Giant cell tumour of tendon sheath (GCTTS), 

1066, 1067f, 1123
Glaucoma, 943
Glenohumeral joint, 1033f, 1040–1041

effusions, 1040, 1040f
osteoarthritis, 1040–1041
rheumatoid arthritis, 1040f

Glenohumeral ligaments, 1030
Gliding sign, 1008, 1338
Glioma, optic nerve, 962–963
Glomerulocystic kidney disease (GCKD), 

1439
Glomerulonephritis, 445–447, 446f–447f, 449

acute, Doppler imaging, 484
membranous, 478

Glomus tumours, 909–911, 1066–1067
Gluteal insertion injection, 1184–1185, 1185f
Gluteal muscles, 1072–1073, 1075, 1076f
Glycogen storage diseases (GSDs), 116
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Goitre
in children, 1310, 1311f
multinodular, 1310, 1311f

Golfer’s elbow, 1050
Gonadal dysgenesis, 1477
Gonadal stromal tumours, 600–601
Gonadarche, 1470
Gonadotrophin-releasing hormone (GnRH)

in in-vitro fertilisation, 735
in puberty, 1470

Gonads
female see Ovaries
indifferent, 1468
male see Testis

Gout, 1130, 1131f
Gouty tophi, 1117, 1133, 1133f
Gracilis muscle, 1075
Graf technique, hip examination, 1498–1501, 

1499f
alpha angle, 1499, 1499f
beta angle, 1499, 1499f
cradle, 1499f
Graf type D, 1501
Graf type I, 1499–1500, 1500f
Graf type IIa, 1500, 1500f
Graf type IIb, 1500, 1500f
Graf type IIc, 1500, 1500f
Graf type III, 1501, 1501f
Graf type IV, 1501
modified, 1501
pitfalls, 1501

Graft-versus-host disease, 215, 401
Granulomas

foreign body, 1117
silicone, 1000, 1000f
sperm, 608–609, 610f
stitch, 799

Granulomatous colitis, 1399
Granulomatous hepatitis, 132–133
Granulosa cell tumours, ovarian, 677, 678f
Grating lobes, 73, 73f
Graves’ disease, 960

in children, 1310, 1311f
Gray-white matter differentiation (GWMD), 

1266
Greater tuberosity fracture, 1041, 1041f
Grey matter, 1320

injury, 1266
Groin

athletic pain see Athletic groin pain
transducer choice, 1069

Guyon tunnel, 1057
Guyon tunnel syndrome, 1065, 1065f, 1164f
Gynaecological intervention techniques, 

720–729
see also specific techniques

Gynaefix, 707

H

Haemangioendothelioma, 1121, 1362, 1363f
Haemangiomas, 1120, 1121f–1122f

arteriovenous see Arteriovenous 
malformations

capillary, 334, 1120
cavernous see Cavernous haemangioma
chest wall, 1350–1351, 1352f

in children, 1299–1301, 1299f–1300f
choroid, 954, 954f
extra-testicular, 610, 611f
hepatic, 1362, 1363f
infantile/congenital, 901
liver

cavernous, 140–142, 141f–142f
fibrotic, 141–142, 143f

mesenteric, 1403, 1403f
non-involuting congenital, 1301
orbital, 961, 961f
parotid gland, 901, 902f
proliferative, 1299–1301, 1299f–1300f
rapidly involuting congenital, 1301
renal, 512
spleen, 334, 336f–337f

Haemangiopericytomas, 1121
retroperitoneal, 819–820

Haemarthrosis, post-traumatic, 1088
Haematocele, 612, 613f
Haematocolpos, 709, 711
Haematomas

aspiration/drainage, 1192
chest wall, 1005–1006, 1352
duodenal, 1394, 1394f
extradural, 1285
first trimester, 752, 752f
infratentorial, 1285
liver, 148, 149f, 837, 838f
muscle contusion, 1114–1115, 1148
paediatric, 1507, 1507f
paravaginal, 716
peritoneal, 815–816
post-hysterectomy, 697–698, 698f
post-liver transplantation, 212, 221
postoperative, 805
post-renal transplantation, 535, 536f
renal, 495, 496f
retroperitoneal, 821–822, 825f
spleen, 837–838
subchorionic, 752, 752f
subdural, 1285
testicular, 604–605, 605f

Haematometrium, 709–711
post-hysterectomy, 698–700, 699f

Haematometrocolpos, 657, 710–711
Haematopoiesis, extramedullary, 507
Haematosalpinx, 657, 710
Haematospermia, 580t, 584–585, 585f
Haematuria, 838
Haematuria loin pain syndrome, 456
Haemochromatosis, 117
Haemodialysis, 454–455

access, 1214–1223
abnormalities and complications, 

1222–1223
aneurysms, 1222
fistulae, 1215, 1220t–1221t, 1223, 1224f
normal characteristics, 1222
permanent

postoperative assessment, 1218–
1219, 1220f

pre-assessment, 1218–1219, 1219f, 
1220b

pseudo-aneurysms, 1222, 1223f
reporting dialysis fistula examinations, 

1223, 1224f
scanning the access circuit, 1221–1222

sites, 1215, 1216t
steal syndromes, 1222, 1223f
stenoses, 1222, 1222f
temporary, 1215–1218
thrombosis, 1222
volume flow, 1220–1221, 1220f–1221f

Haemo-hydronephrosis, 434
Haemolytic uraemic syndrome, 1399, 1400f

in children, 1443–1444, 1444f
Haemoperitoneum, 833–835, 834f, 837, 844
Haemophilus influenzae, 1273
Haemorrhage

adrenal, 635, 635f, 1464, 1464f
first trimester, 751–753, 752f
germinal matrix, 1260–1263, 1262f–1265f, 

1262t
intraparenchymal, 1285
intrauterine, 751–753
intraventricular, neonatal, 1260–1263, 

1262f–1265f, 1262t
kidneys

cysts, 489f–490f, 490
post-renal biopsy, 456–457, 457f
renal cell carcinoma, 513
transplantation, 535
trauma, 839

and liver biopsy, 170
ovarian cysts, 663–664, 664f–665f, 1485, 

1486f
pancreatitis complications, 299
parenchymal, 1270, 1271f
post-liver transplantation, 212–213, 221
retina, 952
retrohyaloid, 949–950, 950f
small bowel, 1393
subarachnoid, 982, 982f
subchorionic, 752–753, 752f
subdural, 1285
subretinal, 956–957
vitreous, 950, 950f, 952, 956, 956f

Haemorrhagic stroke, 982–983
Haemothorax, 1009

in children, 1344, 1346f
Haglund’s deformity, 1103
Hamartomas

breast, 991
mesenchymal, 1362–1363
spleen, 337, 338f

Hammer toe, 1106–1107
Hamstrings, 1072–1075, 1075f
Hand, 1055–1068

anatomy, 1055–1057
injection of the small joints of, 1179–1180, 

1180f
interventional techniques, 1175–1180
ligament and fibrocartilage disorders, 

1063–1064, 1063f–1064f
lipomas, 1066
space-occupying lesions, 1066–1067, 1067b
technique, 1055–1057
tendon tears, 1057–1059

Handedness, epidemiological studies, 57
Harcke technique, 1501–1503, 1502f–1503f
Harmonic imaging, 8, 13b, 24–25, 24f

abdominal trauma, 829
bladder, 551–552
second, 81–82, 82f

Hartmann’s pouch, 227
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Hashimoto’s thyroiditis, 869, 880, 883f
in children, 1310

Head masses in children, 1294–1314
Heart

anatomy, 77
contrast imaging, 85–86, 86f
disease, hepatic venous waveforms in, 

195–197, 197f
thrombus, contrast imaging, 86, 86f

Heart block, complete, 197
Heating

due to tissue absorption, 52–53
experimental investigation of, 52–53
implications of, 53–54, 54b
mechanisms, 52, 52t
transducer, 53

Helicobacter pylori, 360
Hemidiaphragm, 1007f–1008f, 1008
Henoch-Schönlein purpura, 379t, 1443, 1444f

in children, 1393–1394, 1393f–1394f
scrotal involvement, 1494

Hepatic alveolar echinococcosis (HAE), 130
Hepatic arteries, 189–192

anatomy, 94, 94f, 102, 189, 232f
aneurysms, 192, 192f
flow changes in portal hypertension, 182
hereditary haemorrhagic telangiectasia, 

192, 193f
liver transplantation complications, 205, 

209b
normal anatomical variants, 228, 232f–233f
normal findings, 189–192
pre-liver transplantation assessment, 

202–203, 203f
pseudo-aneurysm, post-transplantation, 

208–209, 209f
scanning techniques, 189
stenosis, post-transplantation, 207–208, 

208f, 220
thrombosis, post-transplantation, 205–207, 

206f–207f, 219–220, 219f
Hepatic ducts, 227

anatomy, 95, 228f
normal anatomical variants, 227–228

Hepatic pedicle, 93
Hepatic veins, 192–197

anatomy, 94–96, 94f–95f, 102–103, 
102f–103f, 192–193, 194f

liver transplant complications, 210–211, 
220

normal anatomical variations, 193–194
occlusion, post-transplantation, 210–211
outflow obstruction, 194–195, 196f
peliosis hepatis, 197, 197f
pre-liver transplantation assessment, 202, 

202f
scanning technique, 192–193
stenosis, post-transplantation, 210–211, 

211f
thrombosis, 194–195, 196f (see also 

Budd-Chiari syndrome)
transit times, 197
veno-occlusive disease, 195, 196f
waveforms, 194, 194f–195f

in cardiac and pulmonary disease, 
195–197, 197f

Hepatitis, 120–123, 121f
acute, 120–122, 121t

alcoholic, 121–122, 122f
in children, 1358t
viral, 120–121, 121t, 122f

in children, 1357, 1358t
chronic, 122–123, 123f

in children, 1357
gallbladder wall thickening in, 243, 244f
granulomatous, 132–133
see also Hepatitis B; Hepatitis C

Hepatitis B
hepatocellular carcinoma risk, 153
post-liver transplantation, 215–216

Hepatitis C
hepatocellular carcinoma risk, 153
and non-Hodgkin’s lymphoma, 160
post-liver transplantation, 215–216

Hepatoblastomas
in children, 1360–1361, 1361f
liver transplantation complications, 221

Hepatocellular carcinoma (HCC), 153–156, 
157f–159f, 201f

arterial neo-angiogenesis, 155–156
basket pattern, 155–156
in children, 222, 1361
and cirrhosis, 153–156, 155f–156f
differentiation from adenomas, 145
diffuse, 155
dysplastic nodules and, 154–156, 156f
fibrolamellar, 160, 201, 216
incidence, 153
intraoperative ultrasound, 278–279, 278f
massive, 155
nodular, 155
percutaneous ethanol injection, 174t
poorly differentiated, 158f
post-liver transplantation, 216, 222
pre-liver transplantation ultrasound, 

200–201
presentation, 155–156
pseudo-capsule, 155
radio-frequency ablation, 174–175, 

174t–175t
regenerating nodules and, 154–156, 155f
screening and surveillance, 153–154
well-differentiated, 155, 156f, 159f

Hepatogastric ligament, 93
Hepatomegaly, 101
Hepatorenal fossa, 413, 808
Hepatorenal syndrome, 453, 484
Hereditary haemorrhagic telangiectasia 

(HHT), 192, 193f
Hereditary neuropathy with liability to 

pressure palsies (HNPP), 
1161–1162

Herlyn-Werner-Wunderlich syndrome, 710
Hermaphrodites, 1476–1477
Hernias, 1076–1081, 1080b

abdominal wall, 801–805, 1081
Bochdalek, 1348–1349, 1350f
diaphragmatic, 1348–1350, 1350f
epigastric, 804, 804f
femoral, 803–804, 804f, 1079–1080, 1080f
incisional, 804, 1081
inguinal, 612, 802–803, 802f

direct, 802–803, 804f
indirect, 802, 803f

inguinal-scrotal, 1491
inguinofemoral, 1076–1079

lumbar, 804
Morgagni, 1348–1349
muscle, 1113, 1114f
myofascial, 1154–1155, 1155f
para-umbilical, 804
parts of, 801, 802f
postoperative, 805, 805f–806f
Spigelian, 804, 1081, 1081f
sportsman’s, 804–805
types of, 802b
umbilical, 804, 1081

Herniography, 1076–1077
Herpes simplex, 1273, 1274f
Heterotaxy syndrome, 330, 331f
Heterotopic gestation, 753
High pass filtering, 28, 28f
Hill-Sachs deformity, 1041, 1041f
Hindfoot injections, 1188, 1188f
Hip

anatomy, 1498, 1498f
anterior capsular distance, 1503, 1504t
arthroplasty, 1071–1072, 1072f
aspiration, 1069–1070, 1181–1184, 1184b, 

1184f
blind aspiration or injection, 1069–1070
capsular thickening, 1070t
clinical examination, 1498
developmental dysplasia of the, 1497, 

1498t
direct needle visualisation, 1070
femoroacetabular impingement,  

1070–1071
Graf technique see Graf technique, hip 

examination
Harcke technique, 1501–1503, 1502f–1503f
injection, 1069–1070, 1071f, 1181–1182
interventional techniques, 1181–1185, 

1182f–1183f
irritable, 1503–1505, 1504f
joint effusion, 1069–1070, 1070f–1071f, 

1070t
labral abnormalities, 1070–1071, 1072f
paediatric, 1497–1505, 1505b
Terjesen technique, 1503
transducer choice, 1069
transient synovitis, 1503–1504, 1504f
ultrasound examination, 1498–1503
ultrasound-guided aspiration,  

1069–1070
Histiocytic necrotising lymphadenitis, 934
Histiocytomas

extra-testicular, 611
malignant fibrous, 1123

Histocompatibility testing, 529
HIV see Human immunodeficiency virus 

(HIV)
Hodgkin’s disease, 263, 263f, 1348f

in children, 1307
liver metastases, 160
spleen in, 331–333
thyroid, 880

Hoffa’s ganglia, 1186, 1187f
Holoprosencephaly, 1280, 1282f
Hormone replacement therapy (HRT), 

705–706
Horseshoe kidneys, 424–425, 425f, 1419–1420, 

1421f
Housemaid’s knee, 1089
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Human chorionic gonadotrophin (hCG), 667
in in-vitro fertilisation, 736
ovarian hyperstimulation syndrome, 738

Human immunodeficiency virus (HIV)-
associated nephropathy, 465

cervical lymph nodes in, 934
and liver disease, 131–132
salivary gland disease in, 1308, 1308f

Human papilloma virus (HPV), 714
Humero-radial articulation, 1043
Humero-ulnar articulation, 1043
Humerus, supracondylar process, 1160
Hürthle cell neoplasms, 878
Hyaline bodies, 948, 948f
HyCoSy see Hystero-contrast-sonography 

(HyCoSy)
Hydatid disease, 129–130, 130f–131f, 170

in children, 1363–1364
hepatic alveolar, 130
presentation, 487
renal, 464, 490–491
renal involvement, 1453–1454
soft tissue involvement, 1117
spleen, 339–340, 341f

Hydranencephaly, 1283, 1283f
Hydroceles, 611–612, 613f

abdominal wall, 805–806
paediatric, 1491, 1491f

Hydrocephalus, 1274–1279, 1277f–1280f
Hydrocolpos, 716, 1473, 1476f
Hydrometrocolpos, 1473, 1476f
Hydromyelia, 1325, 1328
Hydronephrosis, 421, 422f, 1433

in the newborn, 1433
physiological, of pregnancy, 421, 422f
postnatal evaluation of antenatally 

detected, 1433–1434
renal, 493, 494f
in renal transplantation, 542

Hydrops, gallbladder, 251, 253f
Hydrosalpinx

as a cause of subfertility, 733, 733f
pelvic inflammatory disease, 682,  

682f
Hymen, imperforate, 1473, 1476f
Hyoglossus muscle, 891–895
Hyoid bone, 893, 913
Hyperbilirubinaemia

conjugated, 1368
unconjugated, 1367

Hypercalciuria, idiopathic, 1445
Hypereosinophilic syndrome, 134
Hyperoxaluria, 1445
Hyperparathyroidism, 884, 887

in children, 1445
Hyperplastic cholecystoses, 247, 248f
Hyperreactio luteinalis, 667–668
Hypertension

in children, 1455–1457
kidney disease, 449
renal artery stenosis, 448
renovascular see Renal arteries, stenosis; 

Renovascular hypertension
Hypertrophic pyloric stenosis (HPS), 

1385–1386, 1385f
Hypoalbuminaemia, 242–243, 243f
Hypoglycaemia, 1283–1284, 1284f
Hypotension, 843

Hypoxic ischaemic encephalopathy, 1264–
1269, 1266b, 1267t, 1268f–1270f

Hysterectomy, 697–700
fibroids, 693–694
subtotal, 697–700

Hystero-contrast-sonography (HyCoSy), 
653–654, 688, 688f, 734–735, 735f

Hysterography, saline infusion see Saline 
infusion hysterography

Hysterosalpingogram (HSG), 656–657, 658f, 
688, 688f

Hysteroscopy, 688

I

Ileitis, 377, 377f
Ileocaecitis, infectious, 377, 377f
Ileocolic veins, 388
Iliac arteries, 773

aneurysm, 779, 780f
in renal transplantation, 532
stenosis, 1201, 1203f, 1206

Iliac fossae, 369–370, 370f
Iliacus, 647
Iliac veins, 792, 1228

assessment, 1233–1234
in renal transplantation, 532
spontaneous flow, 1230–1231

Ilioinguinal nerve, 1081
Iliopsoas bursal injection, 1185, 1186f
Iliopsoas muscle, 1072–1073, 1073f–1074f
Iliotibial band, 1084, 1085f, 1091
Images, 16–17, 16f

B-mode imaging, 17–18
formats, 18–20, 19f
frame averaging, 26, 26f
memory, 25
processing, 23–26

colour Doppler imaging, 30b
demodulation, 25, 25f
dynamic range, 23–24, 24f
field of view, 25–26
harmonic imaging, 24–25, 24f
image memory, 25
post, 26, 26f
pulse coding, 25, 25f
time gain compensation, 23
zoom, 25–26

quality of, 31
Image speckle, 6–7, 7f
Imagify, 79t, 81
Imavist, 79t, 80
Immunosuppression, renal transplantation, 

529–530
Imperforate anus, 1399, 1399f
Impingement syndrome, shoulder, 1032–1033, 

1033f, 1036b
Inborn errors of metabolism, 1284, 1357–1358
Incidentalomas, thyroid, 881–882
Incisional hernias, 804, 1081
Indifferent gonads, 1468
Inertial (transient) cavitation, 78, 87
Infarcts

neonatal brain, 1269–1272, 1270f, 1272f
omental, 1401–1402, 1402f
prostate, 589t
pulmonary, 1018

renal, 477–478, 478f–479f
splenic, 340–342, 341f, 342t, 838
testicular, 603, 604f, 614–615, 614f

Infections
abdominal aortic aneurysms, 775
abdominal wall, 799–800, 801f
bladder, 568, 568b
breast, 989
colitis, 1399
joint, 1134–1135, 1135b
muscle, 1156, 1156f
neonatal brain, 1273–1274

postnatal causes, 1273–1274, 
1275f–1276f

prenatal causes, 1273, 1274f
pancreatic, 299–301, 300f
parotid gland, 903
pelvi-ureteric dilatation, 434
post-liver transplantation, 215, 215f
renal cysts, 490–491, 490f
spleen, 338–340, 340f
splenomegaly, 332t
see also specific infections

Inferior epigastric vessels, 1077
Inferior mesenteric artery (IMA), 773, 789, 

790f
Inferior oblique muscle, 959–960
Inferior vena cava (IVC), 792–795

abnormal findings, 792–794
anatomy and flow patterns, 792, 792f, 792t
assessment, 1233–1234
caval filters, 794, 794f
fistulae, 795, 795f
liver, 94–95, 94f–95f
liver transplantation, 220, 794, 794f
membranous obstruction, 195
objectives of the scan, 792
portacaval anastomosis, 795f
renal cell cancer propagation into, 480, 

480f
scanning technique, 792, 793f
thrombosis, 792, 793f
tumour obstruction, 793–794, 793f

Infertility
male

evaluation of, 584
obstructive, 580t

see also Fertility; Subfertility
Inflammatory arthritis, 1130
Inflammatory masses

in children, 1303–1307
liver, 1364–1365

Inflammatory pseudo-tumour (IPT), liver, 
131, 150

Inflammatory soft tissue masses, 1116–1117
Infrapatellar bursa, 1089
Infrapatellar fat pad impingement, 1186
Infraspinatus, 1030, 1031f

fatty infiltration, 1035, 1035f
Infundibular stricture, 434
Inguinal canal evaluation, 1077

examination technique, 1077
normal anatomy, 1077
normal ultrasound appearances, 1077, 

1078f–1079f
Inguinal hernia, 612, 802–803, 802f

direct, 802–803, 804f
indirect, 802, 803f
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Inguinofemoral hernias, 1076–1079
bulging, 1079, 1080f
differing imaging modalities, 1076–1077
inguinal canal evaluation, 1077

examination technique, 1077
normal anatomy, 1077
normal ultrasound appearances, 1077, 

1078f–1079f
overview, 1076–1077
postoperative evaluation, 1079, 1080f
pre-hernia complex, 1079
ultrasound appearance of, 1077–1078, 

1078f–1079f
In-plane resolution, 15
Inspissated bile syndrome, 1370, 1372f
Insulinomas, 279, 313–314, 316f
Intensity, 5, 5f
Intensity spatial average, 15
Intensity spatial peak, 15
Intensity spatial peak pulse average, 15
Intensity spatial peak temporal average, 15
Intercostal artery, 1012, 1012f

bleeding, 1013, 1013f
Interference, 5–6, 6f, 8b
Intermenstrual bleeding, 688
Intermittent claudication, 1198
Internal oblique muscle, 1076
Interosseous ligaments, 1101
Interstitial ectopic gestation, 757, 757f–758f, 

757t
Interstitial laser photocoagulation (ILP),  

859
Interstitial nephritis, acute, 451, 452f
Interventional techniques

abdomen, 847–864
joints, 1135
musculoskeletal procedures, 1168–1193

elbow, 1173–1175
foot and ankle, 1187–1190
foreign body localisation, 1190–1191
hip, 1181–1185
knee, 1185–1187
masses, 1191–1193
pelvis, 1180–1181
risks of, 1169b
shoulder, 1170–1173
wrist and hand, 1175–1180

see also specific techniques
Intestines

large see Colon
small see Small bowel

Intracranial pressure, transcranial Doppler 
ultrasound, 980

Intraductal papillary mucinous neoplasm 
(IPMN), 312, 313f

Intradural lipoma, 1324
Intrahepatic biliary cystadenoma, 149–150
Intraocular lens implant, 943, 943f
Intraoperative ultrasound (IOUS), 273–281

clinical applications, 275–280
biliary tree, 279–280, 280f
liver, 275–279, 275f–279f
pancreas, 279, 279f, 291–293, 293f
urology, 280, 280f

contrast-enhanced see Contrast-enhanced 
intraoperative ultrasound 
(CE-IOUS)

equipment, 273–275, 274f

laparoscopic see Laparoscopic ultrasound
techniques, 273–275, 275f

Intraperitoneal fluid, ectopic pregnancy, 756, 
757f

Intrarenal vessels, 470–471, 477
Intrauterine devices (IUDs), 706–708, 

707f–709f
Intravenous urography (IVU), transitional cell 

carcinoma, 518
Intraventricular haemorrhage, neonatal, 

1260–1263, 1262f–1265f, 1262t
Intussusception

in children, 1390–1391, 1392f
colonic, 402, 405f
small bowel, 384, 1391

In-vitro fertilisation (IVF), 667
scanning through a cycle, 735–738, 738b

downregulation, 735–736
embryo transfer, 737, 737f
follicular development, 736, 736f
oocyte capture, 736–737, 736f
ovarian hyperstimulation syndrome, 

738, 738f, 738t
IPMN (intraductal papillary mucinous 

neoplasm), 312, 313f
Iris, 940
Ischaemia

acute, peripheral arterial disease, 1211
liver, 206–207, 207f
lower limb, 1198, 1211
small bowel, 379, 379t
symptoms, 965–966

Ischaemic colitis, 399t, 401, 402f
Ischaemic stroke, 982–983
Islet cell tumours

endoscopic ultrasound, 279
intraoperative ultrasound, 279

J

Jaundice, 253–254
causes of, 253
diagnosis, 253–254
gallbladder distension in, 256–258
medical, 253
neonatal, 1367–1372, 1371b

prolonged, 1368
surgical causes of, 1368–1372

obstructive, 253–255, 254f
in older children, 1372–1375, 1374b
surgical, 253–254

Jejuno-ileal atresia, 1388–1389
Jersey finger, 1058
Joint effusion

ankle, 1104, 1106
elbow, 1047, 1047f
glenohumeral joint, 1040, 1040f
hip, 1069–1070, 1070f–1071f, 1070t, 1503, 

1504f
knee, 1088, 1088f–1089f, 1089b
monitoring, 1132
ultrasound features of, 1129, 1129b,  

1129f
Joint(s), 1029, 1029f

aspiration
elbow, 1053
hip, 1069–1070, 1071f

cysts, 1134, 1134f
effusion see Joint effusion
infection, 1134–1135, 1135b
interventional techniques, 1135
masses, 1133–1134
rheumatological ultrasound, 1126
ultrasound-guided techniques, 1135

Jugular varix, 1301, 1302f
Jugular veins, 908

thrombosis, 908–909, 910f–911f, 1304
in thyroid carcinoma, 873

Jugulodigastric node, 908, 925, 925f
Jumper’s knee, 1084–1086, 1086f
Juvenile nephronophthisis, 1438
Juvenile recurrent parotitis, 905, 905f
Juxtarenal process, 1448, 1451f
Juxtaventricular cysts, 1257–1258

K

Kager’s fat pad, 1093–1094
Kaposi’s sarcoma, 1121
Kasabach-Merritt syndrome, 140, 334, 1301
Kasai procedure, 216, 1369
Kidneys, 413–427

abscesses, 462, 462f, 496–497, 496f–497f, 
1452f

access sites, 415, 415f
acute tubular necrosis, 484
adenomas, 508, 508f

metanephric, 508
papillary, 508

anatomical relations, 413, 414f
anatomy, 413–414, 414f
aneurysms, 495–496, 496f
angiomyolipoma, 509–512, 509f–511f
arteriolar resistance, 469
arteriovenous fistula, 481, 481b, 481f
arteriovenous malformations, 481–482, 

482f–483f, 495–496, 507
atrophy, 425, 426f
autonephrectomy, 463–464, 465f
bifid renal pelvis, 1420, 1422f
biopsy, 455–458

complications, 456–457, 457f
contraindications, 455–456
indications, 455–456
renal transplant, 457–458
technique, 456, 456f

blood flow
changes in pelvi-ureteric dilatation, 

440–441
damped waveform, 476
disturbance (turbulence), 476
increased velocity, 475–476, 476t, 478f

calcification, 451, 451b, 451f, 463–464, 465f
candidiasis, 1453, 1455f
in children, 1409, 1411b

abnormalities, 1418–1420, 1418f
cystic disease, 1435b, 1435t
duplex anomalies, 1420–1422, 1423f
end-stage failure, 1444–1445
fetal lobulation, 1412
infectious diseases of, 1453–1454
malignancy, 1458–1462
normal appearances, 1409–1412, 1416f, 

1416t
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normal sonographic values, 1412–1418
transplantation, 1444–1445
trauma, 1458f

collecting duct carcinoma, 517
collecting system, 413, 421–422, 422f

duplex, 423, 423f
column of Bertin, 505, 506f
congenital solitary, 425–426
congenital variants, 423–426, 426b
contrast imaging, 84–85, 85f, 467, 470f
cortex

calcification, 446
changes in disea25, 446–447
necrosis, 1444
normal ultrasound appearance, 

418–419, 419f–420f
thickness, 415–417, 416f

crossed fused ectopia, 1420, 1421f
cystic dysplasia, 1437–1438, 1439f
cysts, 453–454, 454f, 486–504, 502b

acquired, 498, 498b, 499f
calcified, 491–492, 491f
in children, 1434–1440
classification, 488t, 489f
complicated, 488–492
contrast imaging, 85f
differential diagnosis, 493–498, 

493f–497f, 498b
haemorrhagic, 489f–490f, 490
hereditary, 1439
infected, 462, 490–491, 490f
localised, 498
lymphatic, 493–495, 495f
malignant, 492, 492f, 493b
medullary, 502
milk of calcium, 492
multicystic dysplastic kidney, 498–499, 

499f, 502b
multiple simple, 488, 488f
polycystic kidney disease see Polycystic 

kidney disease
septations, 488
simple, 486–488, 487f–488f, 488b
simple cyst, 1439
syndromal, 1439
tuberous sclerosis, 502, 502b, 502f–503f
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501f, 502b
development, 1407, 1407f–1408f
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1442t, 1443f
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acute cortical necrosis, 452, 452f
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acute tubular necrosis, 449
amyloid, 452, 452f
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98f
connective tissue disorders, 453, 453f
cortical changes, 446
corticomedullary differentiation, 

446–447
diabetes mellitus, 452–453
dialysis patients, 454–455, 455f
end-stage, 454f

glomerulonephritis, 449
hepatorenal syndrome, 453
medical, in children, 1442–1444
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medullary sponge kidney, 450, 450f
nephrocalcinosis, 451, 451f
renal papillary necrosis, 449–450, 450f
renal size, 445
sickle cell disease, 453
ultrasound features, 445–447
vascular disorders, 447–449, 449f

diverticula, 493, 494f
Doppler imaging see Doppler imaging, 

kidneys
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collecting system, 423, 423f

dysplasia, 1437–1438, 1439f
ectopic, 418, 418f, 423–424, 424f–425f, 1419, 

1419f
examination techniques, 415–418, 415b
extramedullary haematopoiesis, 507
extrarenal pelvis, 1412, 1417f
failure

acute, 446f
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in children, 1442–1443
chronic

in children, 1442–1443
Doppler imaging, 484

end-stage, 1444–1445
fetal lobulation, 414, 420, 420b, 1416f
fungal infections, 464, 465b
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haemangioma, 512
haematoma, 495, 496f
hepatorenal syndrome, 484
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hilum, 413
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hypertension see Renovascular 

hypertension
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hypoplasia, 425, 426f
infarction, 477–478, 478f–479f
infectious diseases of, 460–466
intraoperative ultrasound, 280, 280f
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leukaemia, 521
liver transplantation complications, 214
lobar nephronia, 460–462, 461f
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medulla, 418–419, 420f
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vascular aspects, 483–484
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carcinoma
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sarcoma, 521
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small, 475, 475t
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supernumerary, 1418
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transplantation see Renal transplantation
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in children, 1457–1458, 1457f–1458f
classification, 839–840, 839t
general considerations, 838–841
mechanisms of injury, 839–840
ultrasound findings, 840–841, 840f–841f

tuberculosis, 463–464, 465b, 465f, 
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tubulo-interstitial disease, 484
tumours, 478
ultrasound technique, 1409
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vascular anatomy, 468–469, 468f
vascular disorders of, 467–485
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vascular response to disease, 483–484
vasculitis, 484, 1443
vessels, 417–418, 417f, 421–422, 421f, 423f
viral infections, 465b

Kikuchi disease, 934
Kimura disease, 934
Klatskin tumours, 156–157, 261f
Klebsiella pneumoniae

liver abscess, 124
renal abscess, 496

Klippel-Trénaunay syndrome, 334, 336f
Knee, 1084–1092

anatomy, 1084, 1085f–1086f
anterior, 1084–1089
Baker’s cyst, 1089, 1090b, 1090f
biceps femoris, 1091, 1091f
cruciate ligaments, 1090
iliotibial band, 1091
interventional techniques, 1185–1187
joint aspiration, 1185–1186, 1186f–1187f
joint effusion, 1088, 1088f–1089f, 1089b
lateral, 1091
lateral collateral ligament, 1091
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medial, 1090–1091
medial collateral ligament, 1090
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1087–1088, 1087f–1088f, 1088b
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ultrasound examination, 1084
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Kuttner tumour, 897, 897f
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Labral cyst, 1037, 1038f
Lambda sign, 747–748
Laparoscopic ultrasound

biliary tree, 236, 273, 279
equipment, 274, 274f
islet cell tumours, 279
liver, 273
pancreas, 291–293, 293f
radio-frequency ablation, 278–279, 278f
technique, 275
urology, 280

Large-bore vacuum-assisted biopsy, 1001–
1002, 1001t

Large bowel see Colon
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Larynx, 913, 914b

tumours, 917
Lateral epicondylitis, 1049, 1050f

Lateral humeral condyle fracture, 1051
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Lateral meniscus, 1091
Lateral rectus muscle, 959–960
Latero-conal ligaments, 816
Left ventricle, apical thrombus, 86, 86f
Left ventricular opacification (LVO), 79, 85–86
Leg see Lower limb
Legg-Calvé-Perthes disease, 1504, 1505f
Leiomyomas, 1121

epididymis, 610
renal, 512

Leiomyosarcomas
bladder, 562
extra-testicular, 611
malignant, 1121
renal, 521, 523f
retroperitoneal, 819
uterine, 693, 693f
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Lens, 943

cataract, 943, 943f
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intraocular implant, 943, 943f
trauma, 956, 956f
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Levovist, 81, 140
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Lidocaine, 1169–1170
Ligaments, 1028, 1028f
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Ligamentum venosum, 93
Lighthouse phenomenon, 1006–1007
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Lipid-stabilised contrast microbubbles, 79–80
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chest wall, 1005–1006
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gastric, 362, 363f
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liver, 149
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paediatric, 1511–1512, 1511f–1512f
retroperitoneal, 819–820
size and shape, 1110, 1111f
small bowel, 381
spermatic cord, 609, 610f

spinal, 1322–1324, 1323f
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variants, 1119
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in children, 1364–1365, 1364f

acute failure, 199–200, 217
acute fascioliasis, 131
adenoma, 143–145, 145f, 1363
alcoholic disease, 216
amyloid, 117
anatomical variants, 1356–1357
anatomy, 93, 1356

segmental, 95–96, 96b, 179, 180f
variations, 96–98, 96f–98f

angiomyolipoma, 149
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disease, 104, 105f
biliary architecture, 94–95
biliary cystadenocarcinoma, 161
biliary epithelial dysplasia of the 

intrahepatic bile ducts, 150
biopsy, 167–170

complications, 170, 170b
image-guided approach, 167–168, 168f
indications, 169, 169b, 169f
patient management, 170, 170b
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quality of specimen, 168–169
technique, 167–169, 168t
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calcification, 134, 134t, 135f
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measurement, 101, 101f
in children, 1356–1375, 1357f

abscesses, 1364–1365
anatomical variants, 1356–1357
anatomy, 1356
diffuse parenchymal disease, 1357–1360
focal lesions, 1360–1364
inflammatory masses, 1364–1365
jaundice in older children, 1372–1375
neonatal jaundice, 1367–1372
portal hypertension, 1365–1367
technique, 1356
vascular disorders, 1365–1367

cholangiocarcinoma, 156–160
chronic disease, 200–201, 216–217
chronic granulomatous disease, 133
cirrhosis see Cirrhosis
classic lobule, 95
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focal lesions, 138

congenital anomalies, 97
congenital fibrosis, 1360
congenital generalised lipodystrophy,  

116
contrast imaging, 84, 85f, 138–139, 139t

diffuse parenchymal liver disease, 104
Couinaud classification, 93, 95–96, 179, 

180f, 193
cystic fibrosis, 117–118, 117f
cysts, 97–98, 98f

in children, 1363–1364, 1364f
developmental variations, 96–98
diffuse parenchymal disease, 104–119, 

1357–1360
disease

adult polycystic, 97–98, 98f
in children, 1357–1358
diffuse parenchymal, 104–119
metabolic causes, 1357–1358, 1358t

ductal morphology, 102–103, 102f–103f
echinococcal infection, 129–130, 130f–131f
echogenic lesions, 1364
echo pattern, 104–105, 106f
enlarged, 101
epithelioid haemangioendothelioma, 

160–161
fatty see Fatty liver
fetal circulation, 94f
fibrolamellar hepatocellular carcinoma, 

160
fibronodular hyperplasia, 142–143, 

144f–145f
fibrosis, 111, 111f
focal lesions, 138 (see also specific lesions)

benign, 140–150
in children, 1360–1364
contrast imaging, 84

fracture, 835–836
fungal infection, 127–128, 128f
glycogen storage diseases, 116
granulomatous hepatitis, 132–133, 132t, 

133f–134f
haemangioma, 1362, 1363f

cavernous, 140–142, 141f–142f
fibrotic, 141–142, 143f

haematoma, 148, 149f, 837, 838f
haemochromatosis, 117
hepatitis see Hepatitis
hepatocellular carcinoma see 

Hepatocellular carcinoma (HCC)
histology, 169
HIV/AIDS, 131–132, 132t
hypereosinophilic syndrome, 134
infections and inflammations, 120–137
inflammatory masses, 1364–1365
inflammatory pseudo-tumour, 131, 150
intrahepatic biliary cystadenoma, 149–150
intraoperative ultrasound, 275–279, 

275f–279f
metastatic disease, 275–278, 276f–278f
transplantation, 279, 279f

ischaemia, 206–207, 207f
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lipoma, 149
liver acinus, 95
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anatomy, 93, 95–96, 96b
Couinaud classification, 93, 95–96
scanning techniques, 98–100, 98f–100f

lymphatic system, 95
lymphoma, 160, 161f
magnetic resonance imaging, 138
mesenchymal hamartoma, 1362–1363
metabolic disease, 217
metastases, 150–153, 151f–152f

appearance, 150–151
bile duct cholangiocarcinomas, 263
in children, 1362
from colorectal cancer, 275–276
contrast imaging, 85f
detection with contrast-enhanced 

intra-operative ultrasound, 
152–153

from gastrointestinal tract cancers, 150
hypervascular, 150–151
hypovascular, 150–151, 160
intraoperative ultrasound, 275–278, 

276f–278f
from pancreatic tumours, 309, 310f
radio-frequency ablation, 175–176, 175t
and radio-frequency ablation, 172

nodular regenerative hyperplasia, 116, 
117f

normal sonographic features, 105b
parenchyma, 100, 100f

assessment, 104
chronic disease, 200, 200f
diffuse disease, 104–119

peliosis hepatitis, 150
peritoneum, 93
portal lobule, 95
radio-frequency ablation, 171–176, 171b

clinical results, 174–176, 174t–175t
complications, 174
indications, 172–174, 172t
technique, 171–172, 172f–173f

rare lesions
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malignant, 160–161

reduction, 204, 217
reflectivity, 100, 100f

causes of increased, 107t
diffuse parenchymal liver disease, 104, 

105f
Riedel’s lobe, 96, 97f
rupture, 835–836
sarcoidosis, 150
scanning techniques, 98–103, 1356

liver parenchyma, 100, 100f
liver size, 101–102, 101f
liver surface, 101, 101f
segmental approach, 98–100, 99f–100f
vascular and ductal morphology, 

102–103, 102f–103f
schistosomiasis, 128, 129f
sepsis, 206–207, 207f
size, 101–102, 101f
solitary necrotic nodule, 150
steatosis see Fatty liver
surface, 93, 101, 101f
texture, 100
toxocariasis, 129
transplantation see Liver transplantation

trauma, 835–837, 844–845, 844f
classification, 835–836, 835t
general considerations, 835
mechanisms of injury, 835–836
ultrasound findings, 836–837, 836f–837f

tumours, 217 (see also specific tumours)
benign, in children, 1362–1364
contrast agents, 139
malignant, in children, 1360–1362

vascular architecture, 94–95, 94f–95f
vascular disorders, 179–198

in children, 1365–1367, 1367b
vascular morphology, 102–103, 102f–103f
veno-occlusive disease, 1366–1367
volume assessment, 203–204
Wilson’s disease, 117

Liver transplantation, 199–224
auxillary, 217
biliary system complications, 211–212
early postoperative ultrasound, 204–213

abnormal, 205–213
complications of split liver 

transplantation, 213
miscellaneous complications, 213
non-vascular complications, 211–213
normal, 205
vascular complications, 205–211

fluid collections, 212–213
indications for, 199, 200t
inferior vena cava assessment after, 794, 

794f
intraoperative ultrasound, 279, 279f
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disease recurrence, 215–216
graft versus host disease, 215
infection, 215, 215f
non-vascular complications, 213–216
post-transplant lymphoproliferative 

disease, 213–214, 214f
rejection, 215
renal complications, 214

orthotopic, 204, 204f
paediatric, 216–222, 220b, 1376–1377, 

1376f–1377f, 1377b
clinical indications, 216–217
complications, 219–221, 219f
recurrent disease, 221–222
surgical techniques, 217, 218f–219f
ultrasound patient evaluation, 217–219

piggy-back, 204, 204f, 794, 794f
pre-transplant ultrasound, 199–204

acute liver failure, 199–200
assessment of living related donors, 203
chronic liver disease, 200–201
liver volume assessment, 203–204
preoperative vascular assessment, 

201–203
reduced, 204, 217
rejection, 211, 215
split, 217
surgical techniques, 204, 204f

Lobar nephronia, 460–462, 461f
Local anaesthesia, 1169–1170
Localised pigmented villonodular synovitis, 

1066, 1067f
Locking drains, 810–812
Loeffler syndrome, 134



INDEX

I-23

Volume I · pp 1–770 · Volume II · pp 771–1514

Long saphenous vein, 1228, 1242
bypass grafts, 1207–1208
duplication, 1245

Loose bodies, elbow, 1047–1048, 1047f–1048f
Loss-of-correlation imaging (LOC), 83–84
Lower limb

artery bypass, vein mapping, 1248–1249
ischaemia, 1198, 1211
lengthening, 1509
muscles, 1141, 1143t, 1144f–1145f
peripheral veins, 1227–1228
venous anatomy, 1228, 1228f

Ludwig’s angina, 894, 895f
Lumbar hernia, 804
Luminity, 79t, 80f
Lung gliding sign, 1008, 1338
Lung point, 1011
Lungs, 1010–1011

abscess, 1015, 1015f, 1340, 1342f
anatomy, 1338, 1339f
atelectasis, 1010–1011, 1011f
cancer, 1016–1017, 1017f–1018f

colour Doppler imaging, 1018
metastases, 1016–1017, 1017f

colour Doppler imaging, 1018
congenital parenchymal masses, 1341–

1344, 1343f
consolidated, 1339–1340, 1341f
disease, hepatic venous waveforms in, 

195–197
examination technique, 1005
hepatisation, 1340, 1341f
necrosis, 1340, 1342f
neoplasia, 1344, 1345f
paediatric, 1338–1344, 1339f
patient position, 1005
peripheral consolidation, 1014–1018, 1014f, 

1015b
pleura see Pleura
technical requirements, 1005
tissue damage from diagnostic ultrasound, 

55
ultrasound-guided biopsy, 1017–1018

Lung sliding sign, 1014
Lunotriquetral ligament (LTL), 1056–1057, 

1063
Luteinising hormone (LH), 649, 661

in in-vitro fertilisation, 735
menarche, 1472–1473
ovarian hyperstimulation syndrome, 738
in puberty, 1470

Lymphadenitis
acute suppurative, 1304, 1305f–1306f
chronic, 1305
mycobacterial, 1305–1306
subacute, 1305

Lymphadenopathy
in appendicitis, 389–390, 391f
cervical

in children, 1303–1304, 1304f
neoplastic, in children, 1307
in thyroid carcinoma, 872–873

Crohn’s disease, 374
in gastric cancer, 360
pancreatic tumours, 309
porta hepatis, 263, 263f
retroperitoneum, 819, 819f
small bowel, 371, 374

Lymphangiectasia, renal, 495
Lymphangiomas

in children, 1352f, 1402, 1402f
neonatal, 1483
renal, 495
spleen, 337, 338f
submandibular region, 898

Lymphatic cysts, renal, 493–495, 495f
Lymphatic drainage

liver, 95
prostate, 574
spleen, 324–325

Lymphatic malformations
cervical, in children, 1295–1296, 1296f
in children, 1351–1352, 1352f
paediatric, 1510
submandibular region, 898

Lymph nodes
breast/axillary, 997–999, 998f–999f
cervical see Cervical lymph nodes
chest wall, 1005–1006, 1006f
jugulodigastric, 925, 925f
mastoid, 927
neck see Cervical lymph nodes
occipital, 927
paratracheal, 927, 927f
parotid gland, 900
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pretracheal, 927, 927f
small bowel, 371
submandibular, 922–923, 924f
submental, 922, 923f
suppurative, 929, 929f
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thoracic, 1007
tuberculous, 929
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peritoneal, 815–816, 816f
post-hysterectomy, 697–698
post-renal transplantation, 535–536
retroperitoneal, 823

Lymphoedema, 1121
Lymphoepithelial cyst, 905, 905f
Lymphomas

appendiceal, 393
bladder, 562
cervical lymph nodes in, 928, 929f
in children, 1307, 1394–1395, 1395f, 1461, 

1462f
collar of disease, 521, 522f
colonic, 402, 404f
gastric, 360, 362f
hepatic, 160, 161f
mediastinal, 1347, 1348f
mesenteric, 1403, 1403f
orbital, 962, 962f
ovarian, 680
pancreatic, 315, 317f
parotid gland, 903
prostate gland, 589t
renal, 521, 521b, 522f, 1461, 1462f
retroperitoneal, 819
small bowel, 381, 382f–383f, 1394–1395, 

1395f
spleen, 331–334, 333f–334f, 334b
testicular, 601–602, 602f, 1494
thyroid, 880–881, 880b, 880f
uterine, 695

M
Magnetic resonance angiography (MRA)

peripheral arterial disease, 1197, 
1200–1201

renal artery stenosis, 474t–475t, 475
Magnetic resonance arthrography

femoroacetabular impingement, 1071
glenohumeral joint, 1041
shoulder joint, 1172–1173

Magnetic resonance 
cholangiopancreatography 
(MRCP)

cholangiocarcinoma diagnosis, 236
choledocholithiasis, 280
pancreatitis, chronic, 302

Magnetic resonance imaging (MRI)
abdominal aorta, 773
adrenal glands, 632, 636, 640, 642
bladder, 552

cancer, 564
metastases, 566

breast implants, 1000, 1000f
calcified renal cysts, 491
cervix, 687

cancer, 714
elbow loose bodies, 1047
endometrial cancer, 705
epithelioid haemangioendothelioma, 

160–161
erosions, 1129
fibroids, 692
gestational trophoblastic disease, 696–697
head and neck masses in children, 1294
hypoxic ischaemic encephalopathy, 

1265–1266
infant spine, 1315–1316
inguinofemoral hernia, 1077
liver

focal lesions, 138
metastases, 152–153, 277
radio-frequency ablation, 172

muscle injury, 1137
neonatal brain, 1253
ovaries

endometriosis, 681
lesions, 669–670

paediatric chest, 1337
pancreas, 285
pelvic masses, 566
peripheral nerves, 1158
renal cell carcinoma, 513–517
rheumatological disease, 1132
shoulder, 1030
soft tissue masses, 1109
synovitis, 1128
thymus, 1339
thyroid, 867
uterus, 687, 688f

Magnetic resonance venography (MRV), 
portal venous thrombosis, 201

MAG-3 renogram, 442
Malacoplakia, 463
Male pseudohermaphrodites, 1477
Malignant fibrous histiocytoma (MFH), 1123
Malignant melanoma see Melanomas
Malignant peripheral nerve sheath tumours 

(MPNST), 1120
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Mantoux test, 1306
Marfan’s syndrome, 943
Masseteric hypertrophy/bruxism, 906
Mastitis, periductal, 989
Mastoid infection in children, 1304, 1306f
Mastoid lymph nodes, 927
Mayer-Rokitansky-Kuster-Hauser syndrome, 

657, 1473
Mean gestational sac diameter (MGSD), 741, 

748–749, 761
Mechanical index (MI), 34, 54, 78

British Medical Ultrasound Society 
(BMUS) guidelines, 57–58

in clinical practice, 56
definition, 56
reduction during scanning, 56
surveys of values in clinical practice, 56

Meconium ileus, 1388–1389, 1389f
Meconium peritonitis, 1389, 1389f
Meconium pseudocyst, 1389, 1390f
Medial epicondyle, avulsion fracture, 1051
Medial epicondylitis, 1050
Medial meniscus, 1084, 1090–1091, 

1090f–1091f
Medial rectus muscle, 959–960
Median artery, persistent, 1160, 1160f–1161f
Median nerve, 1043, 1057

bifid, 1159, 1160f
penetrating injuries, 1065–1066

Mediastinum, 1018–1019, 1019f
masses, 1347b

anterior, 1347
middles, 1348
posterior, 1348

paediatric, 1347–1348
Mediastinum testis, 595, 596f
Medulla oblongata, 1320
Medullary carcinomas, 517

breast, 995
thyroid, 878–879, 879b, 879f

Medullary cystic disease, 502
in children, 1438

Medullary necrosis, 1444
Medullary sponge kidney, 450, 450f

in children, 1439, 1440f
Medulloblastomas, neonatal, 1333
Megacystis, 1425
Megaureter, 1422, 1426f
Meigs’ syndrome, 678
Melanomas

ocular, 942, 951–953, 951f–953f
vaginal, 716

Menarche, 1470, 1472–1473
Ménétrier’s disease, 1386
Menghini technique biopsy needles, 849
Meningiomas

neonatal, 1333
optic nerve sheath, 963

Meningitis, 1273, 1275f
Meningocele, 1322
Meniscal cysts, 1091, 1091b, 1091f,  

1115–1116
Menorrhagia, 688
Menstruation, 649, 650f

disorders, 1481–1482
Mesenchymal tumours, small bowel, 381
Mesenteric adenitis, 1395, 1395f–1396f

Mesenteric cysts see Lymphangiomas
Mesenteric haemangiomas, 1403, 1403f
Mesenteric lymphoma, 1403, 1403f
Mesenteric pseudocysts, 1402, 1402f
Mesenteric teratomas, 1402–1403
Mesenteric tumours, 1402–1403
Mesonephric ducts, 655–656
Mesonephros, 1407
Mesothelioma, extra-testicular, 611
Metabolic disorders, neonatal, 1283–1284

hypoglycaemia, 1283–1284, 1284f
inborn errors of metabolism, 1284

Metacarpophalangeal joint (MCPJ), 1055
injection, 1180, 1180f

Metachromatic leukodystrophy, 1375–1376
Metanephric adenoma, 508
Metanephros, 1407
Metaplastic carcinoma, breast, 996
Metatarsalgia, 1106
Methotrexate, 757, 767, 767t
Mickey Mouse sign, 439, 440f
Microbubbles see Gas bubbles
Microcysts, prepubertal, 1483–1484
Microgallbladder, 251–253, 253f
Microlithiasis

gallbladder, 240–241, 241f
testicular, 607–608, 608b, 608f, 1492,  

1492f
Microwave ablation, tumours, 859
Microwave therapy, renal cell carcinoma,  

523
Milk of calcium cysts, 492–493, 494f, 511–512, 

511f
Miller-Dieker syndrome, 1281–1282
Miner’s elbow, 1050, 1051f
Mirena intrauterine system, 706–707, 708f

abnormal vaginal bleeding, 689
and uterine fibroids, 689

Mirror image artefacts, 65–67, 67f
Mirrors, 10–11, 11f
Miscarriage see Pregnancy, failure
Mitral valve echo, 77
Mixed epithelial and stromal tumour (MEST), 

kidney, 492, 497–498
Molar pregnancy, 696, 696f
Mönckeberg’s sclerosis, 1198
Morel-Lavallée lesion, 1074, 1115
Morgagni hernia, 1348–1349
Morison’s pouch, 93, 413, 808–810, 810f, 833
Morton’s neuroma, 1106, 1107f

injection, 1189–1190, 1192f
Mouth floor, 892f–893f
MRI see Magnetic resonance imaging (MRI)
Mucinous carcinoma, breast, 995
Mucinous cystadenocarcinoma, ovarian, 672, 

673f
Mucinous cystadenoma, ovarian, 672, 672f
Mucinous cystic neoplasm, pancreas, 312, 

312f
Mucoceles

appendiceal, 392, 393f
gallbladder, 251, 253f

Mucoepidermoid carcinoma
parotid gland, 902
salivary glands, 1308–1309, 1309f

Mucosa, gastrointestinal tract, 352
Mucosa associated lymphoid tissue (MALT), 

360

Müllerian duct
abnormalities, 579
agenesis, 1473
anomalies, 655, 657f
cysts, 579, 580f, 583t, 585f, 716
development, 1470
fusion, 1470
obstructive anomalies, 1473
organogenesis, 1469

Müllerian tumours, myometrial, 695
Multicystic dysplastic kidney, 498–499, 499f, 

502b, 1434, 1434f–1435f
Multilocular cystic nephroma, 497–498, 497f

in children, 1439–1440, 1442f
Multinodular thyroid, 882, 882b
Multiple echoes, 65–68, 67f–68f
Multiple endocrine neoplasia (MEN)

and medullary thyroid carcinoma, 879
type 1, 313–314

Multiple pregnancy diagnosis, 747–748
see also Twinning

Murphy’s sign, ultrasonic, 244–245
Muscle injury, 1137–1157

acute, 1143–1152
avulsion injury, 1150, 1150f
children, 1507f
chronic, 1152–1156
compartment syndromes, 1155–1156

acute, 1155
chronic exertional, 1155–1156

contusion, 1143–1148, 1148f–1149f
direct, 1143–1148
fat atrophy, 1154, 1154f
hernias, 1113, 1114f
indirect (strain)

biomechanical aspects, 1149
clinical features, 1149
clinical grading system, 1149, 1151b
clinical-sonographic correlation, 

1150–1151, 1150b, 1151f–1153f
delayed-onset muscle soreness, 

1151–1152
location within the muscle, 1149–1150, 

1149f–1150f
prognostic value of sonography, 1152
sports-specific, 1149b

infection, 1156, 1156f
intramuscular scar/fibrosis, 1152–1153, 

1153f
laceration, 1143, 1148f
myofascial hernia, 1154–1155, 1155f
myositis ossificans, 1154, 1154f
paediatric, 1506–1507
sonographic technique, 1137, 1138b
tears, 1114, 1149–1150, 1150f, 1506–1507, 

1507f
Muscle(s), 1025–1026, 1025b–1026b, 1026f

accessory, 1141–1143, 1146t–1147t, 1160
anatomy, 1138
compartmental anatomy, 1139–1141, 1140t, 

1141f–1142f, 1143t
contractions, 1149
fibres, 1138
fusiform, 1025–1026
haematoma, 1114–1115
injury see Muscle injury
lower limb, 1141, 1143t, 1144f–1145f
microstructure, 1138, 1138f
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morphological types, 1139, 1140f
multipennate, 1025–1026
normal sonographic appearance, 1139, 

1139f
oblique orientation, 1139
parallel, 1139
pennate, 1139
triangular, 1139
tumours, 1121
unipennate, 1025–1026
upper limb, 1139–1141, 1140t, 1141f–1142f

Muscularis propria, 352
Musculo-cutaneous flaps, 800
Musculoskeletal ultrasound, 1025–1029

paediatric, 1497–1513
see also Bone(s); Muscle(s)

Mycetoma, 464
Mycobacterial lymphadenitis, 1305–1306
Mycobacterium avium complex, 131–132
Mycobacterium tuberculosis infection

in HIV/AIDS, 131–132
splenic involvement, 339, 340f

Mycophenolate, 529–530
Mycotic aneurysms, 775, 779
Myeloceles, 1322
Myelolipomas, adrenal, 636–637, 637f
Myelomeningoceles, 1322
Mylohyoid muscle, 890–891, 892f, 894–895

boutonnière, 897, 898f
Myocardial perfusion, 79, 86
Myofascial hernia, 1154–1155, 1155f
Myofibrils, 1138
Myomectomy, fibroids, 693–694
Myometrium, 689–700

adenomyosis see Adenomyosis
arteriovenous malformation, 695–696,  

696f
cysts, 694–695
fibroids see Fibroids
gestational trophoblastic disease, 696–697, 

696f–697f
lipoma, 695
lymphoma, 695
malignant mixed Müllerian tumours, 695
metastases, 695
sarcoma, 695

Myosin, 1138
Myositis, 960

infective, 1156, 1156f
Myositis ossificans, 1115, 1115f, 1154, 1154f

paediatric, 1508
Myxoma, 1121

N
Nabothian cysts, 713, 713f
Naevus, choroid, 954
Nasopharyngeal infection in children, 1304
Neck, 890–919

anterior (infrahyoid), 913–917
normal ultrasound anatomy, 913–914
pathology, 914–917
technique, 913–914

jugulodigastric region and deep cervical 
chain, 908–911

normal ultrasound anatomy, 908
pathology, 908–911
technique, 908

masses in children, 1294–1314
parotid and buccal region, 898–907

normal ultrasound anatomy, 898–900, 
899f–900f

pathology, 900–907
technique, 898–900

posterior triangle, 912–913
normal ultrasound anatomy, 912–913, 

912f
pathology, 913
technique, 912–913

pulsatile masses, 966, 974, 974b, 975f
submandibular region, 894–898

normal ultrasound anatomy, 894–895, 
895f–896f

pathology, 895–898
technique, 894–895

submental region, 890–894
normal ultrasound anatomy, 890–893, 

891f–893f
pathology, 893–894
technique, 890–893, 891f

supraclavicular fossa, 911–912
normal ultrasound anatomy, 911–912, 

912f
pathology, 912
technique, 911–912

Necrosis
cervical lymph nodes, 930–931, 931f
coagulative, 930, 931f
cortical, 1444
cystic, 930
lung, 1340, 1342f
medullary, 1444

Necrotising enterocolitis, 1400, 1401f
Necrotising fasciitis, 618
Needle guides, 852, 852f
Needle placement technique, 1170
Needles

core biopsy, 849–850, 849f, 849t
fully automated sheathed, 850
manual sheathed, 849
Menghini technique, 849
semi-automated sheathed, 849, 850f

fine-needle aspiration, 848–849, 848b, 849f, 
849t

liver biopsy, 168
visualisation, 1170, 1170b

Needle track seeding, 853
Neisseria gonorrhoeae

endometritis, 709
epididymo-orchitis/epididymitis, 614
pelvic inflammatory disease, 682

Neonatal brain, 1253–1293
anatomy, 1255–1260, 1255f–1257f, 1255t
arterial infarction, 1269–1270, 1270f–1272f
brain death evaluation, 1290, 1290f
cerebrovascular complications, 1260–1272

premature infants, 1260–1264
term infants, 1264–1272

congenital malformations, 1279–1283
Dandy-Walker complex, 1279–1280, 

1281f
destructive lesions, 1283, 1283f
disorders of sulcation and migration, 

1280–1282, 1282f
dysgenesis of the corpus callosum, 

1279, 1281f

holoprosencephaly, 1280, 1282f
tuberous sclerosis, 1282, 1283f

germinal matrix, 1260–1263, 1262f–1265f, 
1262t

hydrocephalus, 1274–1279, 1277f–1280f
hypoxic ischaemic encephalopathy, 

1264–1269, 1266b, 1267t, 
1268f–1270f

infection, 1273–1274
postnatal causes, 1273–1274, 

1275f–1276f
prenatal causes, 1273, 1274f

intraventricular haemorrhage, 1260–1263, 
1262f–1265f, 1262t

lenticulostriate vasculopathy, 1272, 1273f
metabolic disorders, 1283–1284

hypoglycaemia, 1283–1284, 1284f
inborn errors of metabolism, 1284

periventricular leukomalacia, 1263–1264, 
1266f–1267f

space-occupying lesions, 1284
cysts, 1284
neoplasms, 1284, 1285f–1287f
vascular malformations, 1284, 1288f

technique, 1253–1254, 1254f
trauma, 1285–1287

accidental injury, 1285
birth-related injury, 1285, 1289f
non-accidental injury, 1285–1287, 

1289f–1290f
variation with gestational age, 1258, 1258f
vascular anatomy, 1258–1260, 1259f–1261f, 

1259t
venous thrombosis and infarction, 1255, 

1270–1272, 1272f
ventricular system, 1255, 1255t

Neonatal hepatitis syndrome (NHS), 1368
Neonates

adrenal glands, 633
brain see Neonatal brain
British Medical Ultrasound Society 

(BMUS) scanning guidelines, 58
hydronephrosis, 1433
ovarian cysts, 1483, 1483f
pelvic masses, 1483, 1484f

Neopharynx, postoperative, 917, 918f
Nephrectomy, 517, 522–523
Nephroblastomatosis, 1461, 1461f
Nephrocalcinosis, 446–447, 447f, 451, 451f

in children, 1446, 1446t, 1449f
Nephrogenic systemic fibrosis (NSF),  

552–553
Nephromas

congenital mesoblastic, 1461
multilocular cystic, 497–498, 497f

Nephropathy, HIV-associated, 465
Nephroptosis, 418, 419f, 1419
Nephrotic syndrome, 446f
Nephroureterectomy, 520–521
Nerve entrapment, 1163f–1164f

abdominal wall, 807
definition, 1161–1162
frequently affected nerves, 1166b
radiography and computed tomography 

in, 1158
ultrasound nerve changes in, 1163b

Nerve fascicles, 1158
Nerve fibres, 1158
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Nerves, 1028, 1029f
Nerve sheath, 1158

tumours, 901–902, 911, 1120
Nerve tumours, 1119–1120
Neurenteric cysts, 1348
Neurilemmoma see Schwannomas
Neuroblastomas

adrenal, 637–640, 640f, 1459t, 1464–1466, 
1465f, 1465t

in children, 1312, 1362f
mediastinal, 1347b, 1348, 1349f
neonatal, 1333

Neuroendocrine tumours (NETs)
imaging, 314
pancreatic, 313–315, 314b, 315f–317f
ultrasound, 314–315

Neurofibromas, 1066, 1120, 1120f, 1164–1165, 
1165f

cervical, 911
focal, 1120
neonatal, 1333
optic nerve, 962–963
parotid gland, 901–902
plexiform, 1120, 1312, 1313f

Neurolemmoma, 1119
Neuroma, tibial nerve, 1105
Neurovascular bundles, prostate, 572
Neutropenic colitis, 1399, 1400f
Neutropenic enterocolitis see Typhlitis
Nodular fasciitis, 1122, 1303
Nodular regenerative hyperplasia (NRH), 

116, 117f
Noise, 61, 61b

gain-related, 62f
random, 61
structured, 61, 62f

Non-accidental head injury, 1285–1287, 
1289f–1290f

Non-accidental injury, 1506
Non-alcoholic fatty liver disease (NAFLD), 

105, 110–111, 111f
Non-alcoholic steatohepatitis (NASH), 

110–111, 111f
Non-Hodgkin’s lymphoma

adrenal involvement, 640–641
in children, 1307, 1347
gastric, 360
and hepatitis C, 160
liver metastases, 160
spleen in, 331–333, 333f–334f
thyroid, 880

Non-involuting congenital haemangioma 
(NICH), 1301

Norman-Roberts syndrome, 1281–1282
North American Symptomatic Carotid 

Endarterectomy Trial (NASCET), 
965

O

Oarsman’s forearm, 1059
Obesity, 689
Oblique orientation muscle fibres, 1139
Obstetric examination

British Medical Ultrasound Society 
(BMUS) guidelines,  
57–58

European Federation of Societies of 
Ultrasound in Medicine and 
Biology (EFSUMB) guidelines, 58

see also Pregnancy
Obstructive uropathy, 429, 429b, 441–443
Obturator internus, 647
Occipital lymph nodes, 927
Ocular muscles, 959
Oedema

abdominal wall, 799
orbital, 960, 961f
scrotal wall, 618, 618f

Oesophagus, 914, 916f
achalasia, 359–360
anatomical structure, 352, 353f
Barrett’s, 356, 358f
benign posterior mediastinal masses, 

358–359, 359f
cancer

endoscopic ultrasound, 354–356
lymph nodes, 354, 356f–357f, 356t
management, 354
staging, 353–354, 357f

in children, 1384b
cysts, 358–359, 359f
dysmotility disorders, 359–360
endoscopic ultrasound, 352–360
lipoma, 358, 359f
submucosal (subepithelial) lesions, 358, 

358f–359f
varices, 183, 359, 359f–360f

Oestrogen
deficiency, 700, 705
and uterine fibroids, 689

Oil cysts, breast, 988
Olecranon bursitis, 1050, 1051f, 1134, 1134f
Olecranon fossa, 1045, 1045f
Omentum

biopsy, 720–722, 721b, 721f
complications, 722
method, 720–721
rationale, 720

cysts, 1483
infarction, 1401–1402, 1402f

Omohyoid muscle, 908, 925, 926f
Oncocytic thyroid neoplasms, 878
Oncocytomas, 509b

parotid gland, 901
renal, 508–509

On-table cholangiography (OTC), 279
Oocytes capture in in-vitro fertilisation, 

736–737, 736f
Ophthalmic artery, 942, 977–978
Opisthorchis felineus, 251
Opisthorchis viverrini, 251
Optic axis, 938
Optic nerve, 959

tumours, 962–963, 963f
Optison, 79t, 80, 87
Oral contraceptive pill

abnormal vaginal bleeding, 689
adenomas and, 143
and the endometrium, 705

Orbit, 959–963
anatomy, 959–960, 959f–960f
arteriovenous fistula, 960–961
contents, 959
haemangioma, 961, 961f

indications for ultrasound, 959b
inflammatory disease (pseudo-tumour), 

960, 961f
lymphoproliferative disorders, 962, 962f
metastases, 962
muscles, 959–960
optic nerve tumours, 962–963, 963f
rhabdomyosarcoma, 962
thyroid ophthalmology, 960, 960f
tumours, 961–962
ultrasound features, 959–960
varices, 960
vascular disease, 941–942

Orchitis, 604, 605f, 615
complicated, 615f
see also Epididymo-orchitis

Organ donors
assessment of living related, 203
supply, 529

Oriental cholangiohepatitis, 265–266
Orthotopic liver transplantation (OLT), 204, 

204f
Ortolani test, 1497–1498, 1498f
Osgood-Schlatter disease, 1088, 1506
Osseous choristoma, 954, 954f
Osseous lesions in children, 1353–1354
Osseous tumours, extraskeletal, 1124
Ossification, 1115
Osteoarthritis

acromioclavicular joint, 1039–1040
ankle, 1104–1105
degenerative, 1059–1060
glenohumeral joint, 1040–1041
ultrasound features of, 1130

Osteochondritis dissecans, 1047, 1048f
Osteochondroma, 1353–1354, 1354f
Osteochondromatosis, synovial, 1123, 1123f
Osteoma, choroidal, 954, 954f
Osteomyelitis, 1352, 1353f

paediatric, 1508–1509, 1509f
Osteophytes, ankle, 1105
Out-of-plane resolution, 15
Output, 5, 34
Output Display Standards (ODS), 51
Ovarian artery, 648–649, 655
Ovarian hyperstimulation syndrome, 

667–668, 667f
Ovarian hyperstimulation syndrome (OHSS), 

738, 738f, 738t
in in-vitro fertilisation, 736

Ovarian remnant syndrome, 666, 666f
Ovarian veins, 648
Ovaries, 660–685

abscess, 682, 683f
adnexal masses, 668–670, 669f
age-related differences in, 655t
anatomy, 647–648
benign versus malignant lesions, 670, 670b
blood supply, 648
Brenner (transitional cell) tumours, 674, 674f
cancer, 670–680

classification, 671, 671t
epithelial neoplasms, 671–674, 673b
germ cell tumours, 674–676
metastatic tumours, 678–679, 680f
omental biopsy, 720
risk factors, 670
screening, 678–679
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sex cord stromal tumours, 677–678
symptoms, 671
treatment, 669, 669f
tumour markers, 676b

in children, 1468–1490
clear cell tumours, 674, 674f
cyclical variations, 655b, 661–663, 663f
cysts, 663–668

adolescent, 1484, 1485f
as a cause of subfertility, 733–734, 734b, 

734f
corpus luteal, 663
follicular, 663, 663f
haemorrhagic, 663–664, 664f–665f, 681, 

1485, 1486f
neonatal, 1483, 1483f–1485f
ovarian hyperstimulation syndrome, 

667–668, 667f
ovarian remnant syndrome, 666, 666f
paraovarian, 664, 665f
peritoneal inclusion, 664–666, 666f
polycystic ovaries, 1482–1483, 1482f
polycystic ovary syndrome (PCOS), 

666–667, 667f, 1482, 1482f
postmenopausal, 666, 666f
prepubertal, 1483–1484
theca lutein, 667

dysgerminomas, 676
echotexture, 1471–1472
ectopic gestation, 758
embryology, 1468–1470
endometrioid tumours, 673, 673f
endometriosis, 680–681, 681b, 681f
epithelial cell tumours, 1487
fibromas, 678, 679f
follicles, 661

development, 1473
normal appearance, 1471–1472

germ cell tumours, 1485, 1486f–1487f, 
1487–1488

granulosa cell tumours, 677, 678f
growth, 1473
haemodynamics by Doppler imaging, 655
inguinal, 1476, 1479f
ligaments, 660, 661f
lymphoma, 680
masses in first trimester, 762–763, 

762f–763f
mucinous tumours, 672, 672f–673f
mural nodules, 664
neoplasms, paediatric, 1485–1488, 1486f
non-visualisation, 1471
normal appearances, 660–663, 662f, 1472f

of developing, 1471–1473
normal development, 1468–1469, 1469f
outline, 1471
pelvic inflammatory disease, 682, 682b, 

682f–683f
polycystic, 1482–1483, 1482f
position, 660, 661f–662f, 1471
pseudomyxoma peritonei, 672–673, 673f
round ligament of, 660
septa, 664, 665f
serous tumours, 671–672, 671f–672f
Sertoli-Leydig cell tumours 

(androblastoma), 678
sex cord stromal tumours, 1487, 1487f
size, 660–661

teratomas, 1487–1488
immature, 676
mature (dermoid), 674–676, 674f–677f, 

676b
thecomas, 678, 679f
torsion, 668, 668f–669f, 1488–1489, 1490f
transvaginal scanning technique, 654, 654f
ultrasound anatomy, 654, 654f
ultrasound technique, 1471
volume, 660, 661t, 1471, 1472t
yolk sac tumours, 676

Overuse injuries, paediatric, 1506
Overuse tendinopathies

pelvic area, 1072
wrist, 1059–1063, 1060f

P

Paediatric patients
acute appendicitis, 389
adrenal glands, 1464–1466, 1464f
appendix, 1395–1398, 1397f

abscess, 1397, 1397f
appendicitis, 1395, 1396f–1397f, 

1397–1398, 1399b
retrocaecal, 1398, 1398f

atypical renal infection, 1453–1454
Baker’s cyst, 1510, 1510f
bile ducts, 1356–1375
bladder, 1409, 1413f–1414f, 1422–1428
bony elbow injury, 1051, 1051b
branchial cysts, 1296–1297, 1297f–1298f
cancer, 56
cartilaginous lesions, 1353–1354
cellulitis, 1352, 1352f
cervical lymphadenopathy, 1303–1304, 

1304f
cervical lymphatic malformations, 

1295–1296, 1296f
chest, 1337–1355
chest wall, 1350–1354
colon, 1399–1401, 1399b

colitis, 1399
imperforate or ectopic anus, 1399
necrotising enterocolitis, 1400, 1401f
neoplasms, 1400–1401
normal anatomy, 1399

congenital cystic lesions, 1294–1299, 1299b
congenital foregut malformations, 1299
Crohn’s disease, 1392–1393, 1393f
cysts, 1510
dermoid cysts, 1298, 1298f–1299f
diaphragm, 1339, 1339f, 1348–1350, 1349b
enuresis, 1462
fibromatosis, 1302–1303
foreign bodies, 1507–1508, 1508f
gallbladder, 1356, 1375–1376
gallstones, 1375, 1375f
ganglion cysts, 1510, 1510f
ganglioneuroblastoma, 1466
ganglioneuroma, 1466
gastro-oesophageal junction, 1383–1384, 

1384f
gastro-oesophageal reflux, 1383–1384, 

1384f
technique and normal anatomy, 1383

goitre, 1310

haemangiomas, 1299–1301, 1299f–1300f
haematoma, 1507, 1507f
head and neck masses, 1294–1314
Henoch-Schönlein purpura, 1393–1394, 

1393f–1394f
hepatocellular carcinoma, 222
hip, 1497–1505, 1505b

aspiration, 1183–1184, 1184b, 1184f
hypertension, 1455–1457
inflammatory masses, 1303–1307
intussusception, 1390–1391, 1392f
kidneys, 1409, 1411b

abnormalities, 1418–1420, 1418f
cystic disease, 1434–1440, 1435b, 1435t
duplex anomalies, 1420–1422, 1423f
end-stage failure, 1444–1445
malignancy, 1458–1462
normal appearances, 1409–1412, 1416f, 

1416t
normal sonographic values, 1412–1418
renovascular disease, 1454–1455
transplantation, 1444–1445, 1445f
trauma, 1457–1458, 1457f–1458f

leg lengthening, 1509
leukaemia, 1307, 1461
lipomas, 1352, 1511–1512, 1511f–1512f
liver, 1356–1375, 1357f

abscesses, 1364–1365
anatomical variants, 1356–1357
anatomy, 1356
diffuse parenchymal disease, 1357–1360
focal lesions, 1360–1364
inflammatory masses, 1364–1365
jaundice in older children, 1372–1375
neonatal jaundice, 1367–1372
portal hypertension, 1365–1367
technique, 1356
transplantation, 216–222, 220b, 

1376–1377, 1376f–1377f, 1377b
clinical indications, 216–217
complications, 219–221, 219f
recurrent disease, 221–222
surgical techniques, 217, 218f
ultrasound patient evaluation, 

217–219
vascular disorders, 1365–1367

lungs and pleura, 1338–1347, 1339f
lymphangiomas, 1352f
lymphatic malformations, 1351–1352, 1352f
lymphoma, 1394–1395, 1461, 1462f
mastoid infection, 1304, 1306f
mediastinum, 1347–1348
mesenteric adenitis, 1395, 1395f–1396f
muscle injury, 1506–1507, 1507f
myositis ossificans, 1508
nephrocalcinosis, 1446, 1446t, 1449f
neuroblastoma, 637, 640f, 1312
non-accidental injury, 1506
obstructive uropathy, 1428–1433
oesophagus, 1384b
osseous lesions, 1353–1354
osteomyelitis, 1508–1509, 1509f
ovaries, 1468–1490

neoplasms, 1485–1488, 1486f
overuse injuries, 1506
pancreas, 1377–1381, 1380b

cysts, 1378
pancreatitis, 1378–1380, 1379f
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parathyroid cysts, 1298–1299
parotitis, acute, 1307–1308
peritoneal cavity, 1401–1403, 1403b

ascites, 1401, 1401f
inflammatory disease, 1401
omental infarction, 1401–1402, 1402f
tumours, 1402–1403

post-transplant lymphoproliferative 
disease, 213, 221

prostate gland, 1409, 1415f
pyomyositis, 1508
renal tract ultrasound technique, 1409
renovascular hypertension in, 477
retropharyngeal infection, 1304
rhabdomyosarcoma, 1312, 1353, 1353f
salivary glands, 1307–1309
seminal vesicles, 1409, 1415f
sialolithiasis, 1308
small bowel, 1388–1395

masses, 1394–1395, 1395b
normal anatomy, 1388
obstruction, 1388–1391, 1388f, 1391b
wall thickening, 1392–1394, 1393b

soft tissue infections, 1508–1509, 1509b
spleen, 1356–1357, 1357f, 1357t, 1377–1381, 

1380b
splenomegaly, 1380, 1380t
stomach, 1384–1387, 1388b

masses, 1386–1387
obstruction, 1385–1386
technique and normal anatomy, 

1384–1385
wall thickening, 1386

thymus, 1338–1339, 1338f, 1340f
cysts, 1298–1299

thyroglossal duct cysts, 1294–1295, 1295f
thyroid, 1309–1312
trauma, 1505–1508, 1506b
ureters, 1409, 1413f, 1422–1428
urethra, 1422–1428
urinary tract infection, 1446b, 1448–1453
urolithiasis, 1445–1446, 1446b, 1446f–1448f
uterus, 1468–1490
vascular lesions, 1299–1302, 1301b
vascular/lymphatic malformations,  

1510
vascular malformations, 1301–1302, 1301f, 

1351
vesicoureteric reflux in, 553

PAIR (percutaneous aspiration injection and 
re-aspiration), 130

Palmar plate tear, 1064
Pancake kidneys, 424, 425f
Pancreas, 285–323

adenocarcinoma, 306–309, 307f–310f, 309b
agenesis, 1378
anatomy, 285–286, 286f
annular, 1378
autoimmune pancreatopathy, 305–306, 

305f
biopsy, 290, 318–319, 318f, 319b

complications, 318–319
indications, 318
results, 318
techniques, 318

in children, 1377–1381, 1380b
congenital variations, 1377–1378
contrast imaging, 85

in cystic fibrosis, 1380
cysts, congenital, 1378
echogenicity, 293, 294f
embryological development, 286f
fine-needle aspiration, 290
head, 285–286

carcinomas, 263, 264f
enlargement, 263

hyperechoic, 293, 294f–295f
intraoperative ultrasound, 279, 279f
mass, 306
metastases, 306, 315, 317f
neck, 285–286
necrosis, 298, 300–301
normal appearances, 293, 293f, 295b, 

1377–1378
pancreatitis see Pancreatitis
phlegmon, 299, 299f
pseudocysts, 298f, 299–300
scanning techniques, 286–293

endoscopic ultrasound, 288–291, 
291f–292f

intraoperative ultrasound, 291–293, 
293f

transabdominal ultrasound, 286–288, 
287f–291f

transplantation, 319–320, 319f–320f, 320b
combined with renal transplantation, 

541
trauma, 841
tumours, 288, 306–315

adenocarcinoma, 306–309, 307f–310f, 
309b

cystic, 311–313, 311f–314f, 312b
differential diagnosis, 306
imaging, 306
miscellaneous, 315, 317f
neuroendocrine, 313–315, 314b, 

315f–317f
Pancreas divisum, 293, 295

in children, 1378
Pancreatic ducts, 286, 293, 294f, 303

in children, 1378, 1378f
dilatation, 306, 307f

Pancreatico-biliary malunion, 1375–1376
Pancreatico-duodenal varices, 183
Pancreatitis

acute, 293–301, 296f, 301b
aetiology, 294
appearances on ultrasound, 297,  

297f
in children, 1378–1380, 1379f
clinical features, 295
complications, 298–300

arterial bleeding and 
pseudoaneurysm, 299, 301f

biliary obstruction, 299
gastrointestinal tract/renal 

obstruction, 300
infection, 299, 300f
pancreatic necrosis, 298
pancreatic phlegmon, 299, 299f
portal venous thrombosis, 299
pseudocysts, 298f, 299

dilated bile duct, 263, 264f
general considerations, 293–295
intervention, 300–301

infected necrosis, 300–301

pseudocyst aspiration/drainage, 
300, 302f

thrombin injection of 
pseudoaneurysm, 301

mild, 296f, 297
mortality rates, 295
pathophysiology, 294–295
role of ultrasound, 295–297
severe, 295, 297, 297f
traumatic, 295

chronic, 301–304, 303f–304f, 306b
in children, 1378–1380, 1379f
diagnosis, 301
dilated bile duct, 263
endoscopic ultrasound, 302–304, 304f
focal, 302, 302f
imaging, 301–302
protein plug, 303, 304f
ultrasound, 302–304

post-liver transplantation, 213, 213f
Papillary adenomas, 508
Papillary carcinomas

breast, 995, 995f
thyroid, 873–876, 874f–877f, 875b, 928, 

929f, 933
cystic variant, 876
diffuse sclerosing, 876
follicular variant, 876

Papillary cystadenoma, 610
Papillary lesions, breast, 991–992, 992f
Papillary necrosis

pelvi-ureteric dilatation, 434, 436f
renal, 449–450, 450f

Papillomas
bile duct, 261, 261f
breast, 992, 992f

Paracentesis, 813
Paraepiglottic fat space, 913, 913f–914f
Paragangliomas, 819, 909–911
Paraglottic fat, 913–914, 915f
Parallel muscles, 1139
Paraovarian cysts, 664, 1485
Pararenal space, 816–817
Parasitic infections, 252f

gallbladder, 250–251, 252f
renal, 464–465, 465b
spleen, 339–340
see also specific infections

Paratenon, 1093–1094
Parathyroidectomy, 884
Parathyroid glands, 884–887

accessory/supernumerary, 885
anatomy, 884–885, 885f
cysts, 887, 1298–1299
embryology, 884
ethanol ablation of lesions, 887
scanning techniques, 886, 886f
ultrasound features of lesions, 886–887, 

886f–887f
Paratracheal lymph nodes, 927, 927f
Paraumbilical hernia, 804
Paraurethral glands, dilation, 716
Parenchymal haemorrhage, 1270, 1271f
Parotid glands, 907b

abscess, 903, 904f
acinic cell carcinoma, 902
adenoid cystic carcinoma, 902
adenolymphoma, 901, 901f
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calculi, 904, 904f
carcinoma ex-pleomorphic adenoma, 

902–903
in children, 1307, 1307f
cystic hygroma, 905, 906f
cystic lesions, 905, 905f
enlargement, 1308
haemangioma, 901, 902f
infection, 903
inflammation, 903–905
lymph nodes, 900, 924, 924f
lymphoma, 903
metastases, 903
mucoepidermoid carcinoma, 902
nerve sheath tumours, 901–902
neurofibroma, 901–902
normal appearances, 898–907, 899f
oncocytoma, 901
pathology, 900
pleomorphic adenoma, 899f, 900, 901f
sarcoidosis, 904
schwannoma, 901–902
technique, 898–907
tumours, 897, 900–903, 903f

Parotitis
acute, 903, 903f

in children, 1307–1308, 1308f
recurrent, 1307–1308, 1308f

chronic, in children, 1308
juvenile recurrent, 905, 905f

Parsonage-Turner syndrome, 1037
Parvus tardus waveform see Damped 

waveform
Patella, 1085f
Patellar tendinosis, 1084–1087, 1086f–1087f
Patellar tendon, 1084, 1085b, 1085f

tears, 1087–1088, 1087f–1088f, 1088b
Patent foramen ovale (PFO), 77, 78f
Patient monitoring, transcranial Doppler 

ultrasound, 980
Peak systolic velocity (PSV), 1202, 1204f
Peliosis hepatis, 197, 197f
Peliosis hepatitis, 150
Peliosis of the spleen, 340
Pelvic abscess drainage, 724–727, 725f–726f, 

726b
complications, 727
method, 724–726
rationale, 724

Pelvicalyceal system, dilated, 433–434, 433f, 
435f–436f, 493, 494f, 518

see also Pelvi-ureteric dilatation
Pelvic brim, 646
Pelvic floor, 647, 647f
Pelvic inflammatory disease (PID), 682, 682b, 

682f–683f
Pelvis

female
anatomy, 646–649
in children, 1470–1471
muscles, 647, 647f–648f
skeleton, 646, 646f
ultrasound anatomy, 652–654
ultrasound scanning technique, 

645–646, 649–654, 1470–1471
viscera, 647–649, 648f

interventional techniques, 1180–1181
muscle injury, 1072–1075

musculoskeletal soft tissue masses, 1082
neonatal masses, 1483, 1484f
pain

in children, 1488–1490
gynaecological causes of, 1488
non-gynaecological causes of, 1490

tendon injury, 1072–1075
Pelvi-ureteric dilatation, 428–444

causes of, 428–438
pathological, 429–438
physiological, 428–429, 429f

congenital causes, 435–436
diagnosis, 438–439
Doppler technique, 441, 441f–442f
functional evidence using Doppler, 

440–441
iatrogenic, 438
idiopathic, 436
management of obstructive uropathy, 

441–443, 442f
trauma, 438
ultrasound appearances, 439–440, 440f

Penile arteries, 621
Penis, 621–631

anatomy, 621, 621b, 622f
appearances, 621, 622f
arterial supply, 621, 622f
erectile dysfunction, 621–623

arteriogenic, 624
background, 621–623
physiology of the erectile process, 623
veno-occlusive, 624–625, 626f

fibrosis, 628
masses, 628–629, 628f–629f
metastases, 628–629
Peyronie’s disease, 627–628, 628b, 628f
priapism, 627, 627b

ischaemic, 627, 627b, 627f
non-ischaemic, 627, 627b

prostheses, 629f
squamous cell cancer, 628–629
stimulated colour Doppler ultrasound, 

623–626
arteriogenic erectile dysfunction, 624, 

625f
false venous leak, 626, 626f
further imaging, 625–626
haemodynamic parameters, 626b
normal response, 624, 624f–625f
pharmacological agents, 623
technique, 623, 623f
veno-occlusive erectile dysfunction, 

624–625, 626f
trauma, 629, 629f
urethral ultrasound, 629
venous leak, 623–625

false, 626, 626f
Pennate muscles, 1139
Peptic ulcer disease, 365
Percutaneous aspiration injection and 

re-aspiration (PAIR), 130
Percutaneous ethanol injection (PEI), 174, 

174t
Percutaneous nephrostomy, 442–443, 442f
Perforating veins, 1245, 1245f
Periareolar infection, 989
Pericardial cysts, 1348, 1349f
Pericholecystic varices, 183

Periductal mastitis, 989
Peri-epiglottic fat space, 913
Perimysium, 1138
Perineurium, 1158
Peripheral arterial disease, 1197–1226

acute ischaemia, 1211
aneurysms, 1211, 1212f
angioplasty, 1210
ankle brachial pressure index, 1199
in the arm, 1212–1214

occlusive arterial disease, 1214
Raynaud’s disease, 1214, 1219f
Takayasu’s arteritis, 1214, 1218f
thoracic outlet syndrome, 1213–1214
ultrasound investigation, 1212–1214, 

1216f
arteriovenous fistula, 1212, 1216f
bypass grafts see Peripheral artery bypass 

grafts
clinical problem, 1197–1198
continuous wave Doppler ultrasound, 

1199–1200, 1203b
dissection, 1212, 1216f
duplex ultrasound, 1200–1207, 1203b, 

1203f–1204f
aorto-iliac and femoropopliteal 

segments, 1206
below-knee segments, 1206–1207, 1207f
reporting, 1207, 1208f
scanning technique, 1205–1206, 

1205f–1206f
equipment, 1198–1199

continuous wave ultrasound, 1198, 
1198f

ultrasound scanners, 1198–1199
haemodialysis access see Haemodialysis, 

access
injuries, 1212
popliteal entrapment, 1211
pseudo-aneurysms, 1212, 1213f–1215f
stenosis criteria, 1201–1202
stents, 1210
velocity waveform analysis, 1199–1200, 

1200f–1202f, 1202t
Peripheral artery bypass grafts, 1207–1210

failure, 1207, 1207t, 1209
postoperative scanning, 1209–1210, 

1209f–1211f, 1210b
preoperative scanning, 1207–1208, 1209f
stenoses in, 1209–1210, 1209f

Peripheral nerves, 1158–1167
anatomical variations, 1159–1160, 1159b, 

1160f–1161f
compression, 1162–1163, 1166f
entrapment neuropathies see Nerve 

entrapment
examination technique, 1158–1159
miscellaneous disorders, 1166
normal anatomy, 1158, 1159f
tears, 1161
trauma, 1161–1163, 1162f–1164f, 1163b
tumours and masses, 1164–1166, 

1165f–1166f
ultrasound anatomy, 1158, 1159f

Peripheral veins, 1227–1250
anatomical variants, 1234, 1235f
clinical applications for ultrasound, 

1235–1240
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collateral veins, 1235
dilatation, 1231, 1231f
distal augmentation, 1231, 1231f, 1234–

1235, 1236f
lower limb, 1227–1228
pre-arterial bypass vein mapping, 

1248–1249
problems and pitfalls, imaging, 1234–1235, 

1234b
reflective augmentation, 1231
response to probe compression, 1231
spontaneous flow, 1230–1231, 1230f
suspected pulmonary thromboembolic 

disease, 1241–1242
technique, 1228–1235
upper limb, 1240–1241
variation of spectral waveform with 

respiration, 1231, 1234
venous incompetence, 1242–1248

Periprostatic fascia, 573, 573f
Perirenal space, 817
Peristalsis, small bowel, 371
Peritoneal carcinomatosis, 672, 672f, 720
Peritoneal cavity, 807–808, 807f

in children, 1401–1403, 1403b
ascites, 1401, 1401f
inflammatory disease, 1401
omental infarction, 1401–1402, 1402f
tumours, 1402–1403

Peritoneum, 807–816
anatomy, 807–809, 807f, 809f
ascites see Ascites
duplication cysts, 816
fluid collections, 808, 815–816, 816f, 829, 

830f, 833–835, 834f, 835b
inclusion cysts, 664–666, 666f, 697–698, 

699f
intra-abdominal abscess, 813–815, 

814f–815f
mesenteric tumours, 816, 816f–817f
metastases, 816, 817f
paracentesis, 813
scanning technique, 809–810, 810f
tumours, 816, 817f, 1402–1403

Peritonitis
appendicitis complications, 1397,  

1398f
meconium, 1389, 1389f
pseudomyxoma, 812, 813f
sclerosing, 455, 455f
tuberculous, 812, 813f

Periventricular haemorrhagic infarction, 
1261–1262

Periventricular leukomalacia, 1263–1264, 
1266f–1267f

Peroneal artery stenosis, 1206–1207
Peroneal veins, 1232
Peroneus brevis, 1098, 1099f, 1105
Peroneus longus, 1098, 1099f, 1105
Peroneus quartus, 1099, 1143
Peroneus tertius, 1099
Persistence, 26
Persistent hyperplastic primary vitreous, 949, 

949f, 955
Pes anserinus bursa, 1084, 1091
PESDA, 80
Peutz-Jeghers syndrome, 1375–1376
Peyronie’s disease, 627–628, 628b, 628f

Phaeochromocytomas
adrenal, 637, 638f–639f
retroperitoneal, 819

Pharyngeal pouch, 917, 917f
Phase inversion imaging, 82, 82f
Phentolamine, 626, 626f
Phleboliths, 1120
Phlegmons

appendiceal, 391, 392f
pancreatic, 299, 299f

Phosphodiesterase type 5 (PDE-5) inhibitors, 
622–623

Phrenocolic ligament, 808, 808f
Phrygian cap, 228, 231f, 1375
Phthisis bulbi, 957
Phyllodes tumours, breast, 990–991, 991f
Physeal fracture, 1505
Physics of ultrasound, 3–15

absorption and attenuation, 11, 11t, 13b
diffraction and interference, 5–6, 6f, 8b
Doppler effect, 13–14, 13f–14f, 14b
Fourier components, 7, 7f–8f
image speckle, 6–7, 7f
intensity and power, 5, 5b, 5f
lenses and mirrors, 10–11, 11f
non-linear propagation, 11–12, 12f, 13b
production, 3–4, 4b, 4f, 4t
reflection, 9, 9f, 9t, 10b
refraction, 10, 10b, 10f, 10t
resolution, 14–15
scattering, 9–10, 10b, 10f, 10t
standing waves and resonance, 7–8, 8b, 8f
tissue characterisation and elastography, 

12–13, 12f
Piezoelectric material, 18
Piggy-back liver transplantation, 204, 204f, 

794, 794f
Pigmented villonodular synovitis (PVNS), 

1123, 1133
Pilomatrixoma, 907
Pipe stem calcification, 1198
Piriformis, 647
Pitcher’s elbow, 1050
Placenta percreta, 568
Plantar fascia, 1100, 1101f

injection, 1189, 1189b, 1190f–1191f
Plantar fasciitis, 1106, 1106f
Plantaris, 1095, 1095f
Plaque, carotid arteries, 972–973, 972b, 972f, 

973t
Pleomorphic adenoma, parotid gland, 899f, 

900, 901f
Pleura, 1007–1014

anatomy, 1338, 1339f
effusion see Pleural effusions
examination technique, 1005
masses, 1346, 1347f
normal appearances, 1007–1008, 1008b, 

1008f
paediatric, 1338, 1339f, 1344–1347
patient position, 1005
technical requirements, 1005
visceral, 1010–1011

Pleural effusions, 808f, 1006–1010
exudative, 1009
fibrinous attachments, 1012, 1013f
intercostal bleed, 1013, 1013f
malignant, 1010

paediatric, 1344–1345, 1345f–1346f
pleural fluid detection and characteristics, 

1008–1010, 1009b, 1009f–1010f
septated, 1013, 1013f
septations, 1009–1010, 1010f
transudative, 1009
ultrasound-guided interventions for, 1012, 

1012f–1014f, 1014b
Pleural stripe, 1007, 1008f
Pleurodesis, 1014
Pneumatosis intestinalis, 1400
Pneumocystis carinii, 132
Pneumonia, 1014–1015, 1015f
Pneumothorax, 1011–1012, 1011f, 1012b

in children, 1346–1347
Polyarteritis nodosa, 379t
Polycystic kidney disease, 499–500

autosomal dominant, 500, 501f, 502b
autosomal recessive, 499–500, 502b
calcifications, 491–492, 491f
presentation, 490

Polycystic ovaries, 1482–1483, 1482f
Polycystic ovary syndrome (PCOS), 666–667, 

667f, 1482, 1482f
as a cause of subfertility, 733–734, 734b, 

734f
and uterine fibroids, 689

Polymer-coated microbubbles, 80–81
Polyorchidism, 598, 598f
Polyps

cervical, 713
colonic, 1400–1401
endometrial, 693, 700–702, 701f, 702b, 733, 

733f
gallbladder, 247–249, 248f–249f
gastric, 360–362, 363f

Polysplenia, 330, 331f, 1356
Pons, 1320
Popeye sign, 1039
Popliteal arteries

aneurysm, 1117, 1198, 1211, 1212f
entrapment, 1211
occlusion, 1205f
stenosis, 1206–1207

Popliteal cysts see Baker’s cyst
Popliteal veins, 1228

duplication, 1234, 1235f
spontaneous flow, 1230–1231

Popliteus tendon, 1091
Porencephaly, 1283
Portacaval anastomosis, 795f
Portacaval end-to-side shunt, 186
Portacaval side-to-side shunt, 795, 795f
Porta hepatis, 102

lymphadenopathy, 263, 263f
varices, 183

Portal cavernoma, 1365–1366, 1366f–1367f
Portal congestion index, 181
Portal hypertension, 180–185

backward flow theory, 180–181
in children, 1365–1367, 1367b
definition, 180
forward flow theory, 180–181
hepatic arterial flow changes, 182
hyperkinetic, 180–181
main causes, 180, 181b
management, 185–188

surgical portosystemic shunt, 185–186
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transjugular intrahepatic portosystemic 
shunt, 186–188, 186f–187f, 188b

paediatric liver transplantation, 217
pathophysiology, 180–181
portal vein calibre change, 182, 182f
portal vein flow changes, 181, 181f–182f
portosystemic collaterals (varices), 181, 

183f–185f
pre-liver transplantation assessment, 201
splenic involvement, 342
splenomegaly, 182
ultrasound findings in, 181, 181b

Portal veins, 179–189
anatomy, 94–96, 94f, 98, 99f, 102, 102f, 179, 

180f
aneurysm, 189
calibre changes in portal hypertension, 182
cavernous transformation of, 1365–1366
in children, 1365–1366, 1365f–1366f
congenital absence of, 1365
duplication, 1365
flow changes in portal hypertension, 181
gas, 189, 191f, 210
hypoplastic, 1365
mean velocity, 179
normal findings, 179, 180f
occlusion, 188–189, 188b, 188f–191f, 210
periodicity, 179
phasicity, 179
portal hypertension see Portal 

hypertension
preduodenal, 1365
pre-liver transplantation assessment, 201, 

202f
pulsatility, 179
scanning techniques, 179, 180f
size, 179
stenosis, post-transplantation, 209–210, 

210f, 220, 220f
thrombosis, 188–189, 188b, 188f–191f, 201, 

1365–1366, 1366f
pancreatitis complications, 299
post-transplantation, 210, 210f, 220, 

220f
varix, 1366

Porto-enterostomy, 216
Portosystemic collaterals (varices), 181, 

183f–185f
Portosystemic shunts, surgical

portal hypertension, 185–186
pre-liver transplantation assessment, 203, 

203f
Positron emission tomography computed 

tomography (PET-CT)
cervical cancer, 714
spleen lymphoma, 331–333

Positron emission tomography (PET)
endometrial cancer, 705
pelvic examination, 688
thyroid, 867

Postcoital bleeding (PCB), 688
Posterior communicating arteries, 1259t

anatomy, 976
aneurysm, 982f
transcranial Doppler ultrasound, 976–977, 

979f, 981f
Posterior interosseous nerve, 1044

entrapment, 1052–1053, 1053f

Posterior talofibular ligament, 1099
Posterior urethral valve (PUV), 1422–1425, 

1427f–1428f
Postmenopausal bleeding, 688
Postmenopausal ovarian cysts, 666, 666f
Post-transplant lymphoproliferative disorder 

(PTLD), 160, 213–214, 214f
in children, 221, 1362

Pouch of Douglas, 808–810, 810f
fluid in, 834

Power, 5
Power Doppler, 30

abdominal trauma, 829
aortic dissection, 789
carotid arteries, 970
cerebral arteries, 977
cervical node vascularity, 932, 934f
embryo transfer, 737
knee joint effusion, 1088
liver

adenoma, 145
fibronodular hyperplasia, 142
haemangiomas, 140

parameters, 32
patellar tendinosis, 1086–1087, 1087f
renal transplantation, 533
in rheumatological ultrasound, 1126, 1132
scanners, 32
soft tissue masses, 1113
tendinopathy, 1025, 1026f
thyroid nodules, 872
transcranial, 979, 981f

Power-modulated pulse inversion (PIAM), 82
Precocious puberty, 1478, 1480t
Pre-epiglottic fat space, 914f
Pregnancy

abnormal outcome prediction, 761–762
bladder pathology in, 568
cumulative pregnancy rates, 730, 731f
ectopic see Ectopic pregnancy
failure, 749–751, 751b

major criteria, 750, 750f–751f
minor criteria, 750–751, 751f–752f
of normal progression, 749
sonographic diagnosis, 749–751, 750f
ultrasound prediction, 761–762

and fibroids, 690, 690f
first trimester, 740–770

abnormal outcome prediction, 761–762, 
761f–762f, 761t

amnion appearance, 745, 745f
biometry, 748–749
chorion appearance, 745, 745f
complications, 751–760

ectopic implantation see Ectopic 
pregnancy

haemorrhage, 751–753, 752f
crown-rump length, 749
embryo appearance, 744–745, 744f–745f
embryonic anatomy, 746f, 747b
embryonic heartbeat, 745
endometrium thickening, 741, 741f
failure, 749–751, 749t–750t, 750f–752f
fetal anomalies, 746–747, 747b, 747f
gestational trophoblastic disease, 

764–765, 764f–766f, 765t
gestation sac appearance, 741–743, 

742f–743f, 742t, 744t

masses, 762–763
fibroids, 763, 763f
ovarian, 762–763, 762f–763f

mean gestational sac diameter, 748–749
multiple pregnancy diagnosis, 747–748, 

747f–748f, 747t, 748b
normal sonographic development, 

741–747, 741t
retained products of conception, 

765–766, 766f
transvaginal scanning, 741
yolk sac appearance, 743–744, 

743f–744f, 744b, 744t
heterotopic gestation, 753
hydronephrosis of, 421, 422f
intrauterine devices in, 708, 708f
molar, 696, 696f
pelvi-ureteric dilatation, 428–429, 429f
pregnancy of unknown location, 760, 

760b, 760f, 761t
scanning in see Obstetric examination

Pregnancy of unknown location (PUL), 760, 
760b, 760f, 761t

Prelaryngeal lymph nodes, 927, 927f
Premature infants, cerebrovascular 

complications, 1260–1264
Prepatellar bursar, 1089
Pretracheal lymph nodes, 927, 927f
Priapism, 627, 627b

ischaemic, 627, 627b, 627f
non-ischaemic, 627, 627b

Primitive neuroectodermal tumour, prostate 
gland, 589t

Probes
endoscopic ultrasound, 351
intraoperative ultrasound, 274, 274f
laparoscopic ultrasound, 274, 274f
small intestine ultrasound, 369

Profunda femoris vein, 1229–1230
Progesterone, abnormal vaginal bleeding, 689
Proliferative vitreoretinopathy, 945–946, 946f
Pronephros, 1407
Propagation, 13b

non-linear, 11–12, 12f
Prostaglandin E1 (PGE-1), 623, 626
Prostate, 572–592

abscess, 582–584, 582f, 583t, 591
accessory structures, 574–576
acquired abnormalities

benign, 579–585, 588t
malignant, 585–587

benign hyperplasia/hypertrophy, 579–581, 
580t, 581f–582f, 583t

biopsy, 587–591, 589b
abscess/cyst drainage, 591
post-prostatectomy bed, 590–591, 591f
principles, 587–590, 590f
seminal vesicles/ejaculatory ducts 

injection, 591
blood flow, 576
blood supply, 574
cancer, 585–587, 587b, 587f

bladder involvement, 568
cystic, 583–584, 583t, 584f
follow-up, 587
locally advanced, 587f
staging, 585–587
suspected recurrent tumour, 587, 589f
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transrectal ultrasound, 566, 585, 586f, 
588t

in children, 1409, 1415f
congenital or developmental anomalies, 

579
cystic cancer, 583–584, 583t, 584f
cysts, 579, 580f, 583–584, 583t, 585f, 591
dimensions of normal, 572
embryology, 572
gross anatomy of, 572, 573f
infarction, 589t
lobes, 573–574
lymphatic drainage, 574
metastases, 589t
nerve supply, 574
neurovascular bundles, 572
normal sonographic appearances, 576, 

577f–578f, 578b
periprostatic fascia, 573
prostatic capsule, 573
size, 572, 576
surface relations of, 572–573
transrectal ultrasound, 574–576, 575f, 576b, 

577f, 578b, 581, 582f
-guided intervention, 587–591
unusual abnormalities, 587, 589f, 589t

transurethral resection of (TURP), 581, 
582f

ultrasound technique, 1409, 1415f
vascularity, 576, 578f
zonal anatomy of, 573–574

Prostate, Colorectal, Lung and Ovarian 
Cancer screening trial, 680

Prostatic capsule, 573
Prostatic fascia, 573
Prostatic utricles

abnormalities, 579
cysts, 583–584, 583t, 584f–585f

Prostatitis, 582–583
abscess, 582–584, 582f, 583t
acute, 580t, 582
cavitary, 583t
chronic, 580t, 583, 583f
focal, 582f
granulomatous, 583, 583f

Proteinuria, Tamm-Horsfall, 1443, 1443f
Proteus mirabilis, 614
Proteus spp., 1273, 1448–1449
Proximal intersection syndrome, 1059
Proximal tibiofibular joint, 1091
Prune belly syndrome, 1427–1428
Pseudoaneurysms, 1237f

abdominal wall, 807
haemodialysis access, 1222, 1223f
hand/wrist, 1066–1067
hepatic artery, 208–209, 209f
pancreatitis complications, 299, 301, 301f
peripheral arterial disease, 1212, 

1213f–1215f
renal, 481
splenic artery, 342
thrombin injection, 301

Pseudocysts
meconium, 1389, 1390f
mesenteric, 1402, 1402f
pancreas, 298f, 299–300, 1379, 1379f
spleen, 338, 339f

Pseudo-gestation sac, 754

Pseudohermaphrodites
female, 1475–1476
male, 1477

Pseudo-kidney sign, 384, 1390
Pseudomembranous colitis, 399t, 400–401, 

1399, 1400f
Pseudomyxoma peritonei, 672–673, 673f
Pseudomyxoma peritonitis, 812, 813f
Pseudoprecocious puberty, 1480–1481, 1480f
Pseudo-tumour, orbital, 960, 961f
Psoas muscle, 647

abscess, 821, 823, 823f
Pubalgia see Athletic groin pain
Puberty

central precocious, 1478–1480
delayed, 1481
female, 1470
precocious, 1478, 1480t
pseudoprecocious, 1480–1481, 1480f

Pudendal arteries, 621
Pulled elbow, 1051,  

1052f
Pulmonary embolus, 1015–1016, 1016b, 1016f
Pulmonary infarction, 1018
Pulmonary sequestration, 1018
Pulmonary thromboembolism (PTE), 1227, 

1242f
imaging suspected, 1241–1242
induction of, 1235

Pulmonary tuberculosis, 1015
Pulsatile neck masses, 966, 974, 974b, 975f
Pulsatility index (PI), 1199–1200

cervical lymph nodes, 932
renal transplantation, 532–533

Pulse coding, 25, 25f
Pulsed wave Doppler, 15, 26–28, 27f

parameters, 32, 50b
scanners, 32, 50b
transcranial, 978–979, 978f
transducers, 8

Pulse inversion imaging, 25, 82, 82f, 155–156, 
157f

Pulse repetition frequency (PRF), 28, 40–41
high, 46–48, 48f

Pyelectasis, 1429
Pyelitis, emphysematous, 460
Pyelonephritis

acute
bacterial, 460, 461f
in children, 1448–1449, 1450f–1452f

in children, 1448–1449, 1450f–1452f
chronic, 462

in children, 1449, 1452f
emphysematous, 460
focal, 507, 507f
xanthogranulomatous, 463, 465f, 507,  

507b
Pylorospasm, 1386, 1386f
Pyocele, 612, 613f
Pyogenic liver abscess, 123f–126f, 124–126, 

145–146
Pyomyoma, 690
Pyomyositis, 1117, 1156, 1156f, 1508
Pyonephrosis, 438f, 462, 463f

in children, 1448, 1451f
pelvi-ureteric dilatation, 442–443

Pyosalpinx, 682, 682f
Pyramids, renal, 493, 493f

Q

Quadriceps, 1073, 1084, 1085f
Quadriceps tendon, 1084, 1085f

tears, 1087–1088, 1087f–1088f, 1088b

R

Radial artery, 1043, 1213
Radial collateral ligament, 1046, 1051
Radial modulation imaging, 84
Radial nerve, 1043, 1057
Radial scars, breast, 992–993
Radiocapitellar joint, 1043, 1044f
Radio-frequency ablation (RFA)

laparoscopic guided, 278–279, 278f
liver, 171–176, 171b

clinical results, 174–176, 174t–175t
complications, 174
indications, 172–174, 172t
technique, 171–172, 172f–173f

renal cell carcinoma, 523–526, 524f–526f, 
526b

tumours, 858, 858f, 861f
Radio-isotope scanning, 1227
Radiotherapy

affect on submandibular gland, 897
cervical lymph nodes after, 930

Radioulnar articulation, 1043
Ranula, 893, 893f

diving, 897–898
Rapidly involuting congenital haemangioma 

(RICH), 1301
Rayl, 9
Raynaud’s disease, 1214, 1219f
Real-time compression ultrasound, 1228–

1229, 1229f
Rectovesical pouch, 808–809
Rectum, 405–409

anatomy, 407
anorectal tumours, 407–408, 407f
solitary rectal ulcer syndrome, 409
ultrasound technique, 405–406

Rectus abdominis, 798, 1076
divarication of the, 800, 805f

Rectus femoris, 1073, 1084
Reflection, 9, 9f, 9t, 10b
Reflective augmentation, peripheral veins, 

1231
Refracting media, 940–941, 941b
Refraction, 10, 10b, 10f, 10t
Refractive artefacts, 68–70, 70f–71f
Renal arteries, 413–414, 414f, 417, 417f, 422

accessory, 468, 469f
anatomy, 468–469, 468f
aneurysm, 482–483, 483b, 483t
angioplasty, 474
branches, 469, 469f
colour flow map, 469
in kidney disease, 447
main trunks, Doppler studies, 471–472, 

471f–473f, 477
occlusion, 448, 477–478, 478f, 546, 547f
peak systolic velocity, 448–449
in renal transplantation, 532
stenosis, 448–449, 448f–449f, 449b, 537–538, 

538f–539f, 546
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abnormalities
on greyscale ultrasound studies, 475
in renal Doppler studies, 475–476

causes of, 474t
in children, 477, 1455
clinical considerations, 473
Doppler imaging, 467, 476–477
in renal transplant patients, 477
screening, 474–475, 474t–475t
simple greyscale ultrasound studies, 

474
spectral (duplex) Doppler, 471–472, 

471f–473f
thrombosis, 533–534, 534f, 1455, 1457f
view through kidney, 471f
waveform, 469–470, 470f

Renal artery/aorta velocity ratio (RAR), 
448–449

Renal cell carcinoma, 480, 480f, 487, 490, 492, 
492f, 512–517, 512f

and acquired cystic kidney disease, 498
aetiology, 513b
appearances, 513, 513b, 514f–516f
asymmetric necrosis, 492, 492f
in children, 1462
cryoablation, 523
differential diagnosis, 511–513
incidence, 522–523
microwave therapy, 523
minimally invasive treatment of, 522–526
multilocular cystic, 492
pelvi-ureteric dilatation, 434
presentation, 513, 513b
radio-frequency ablation, 523–526, 

524f–526f, 526b
rare presentations, 513, 517f
screening, 513
staging, 513–517, 516t
survival, 516t
treatment, 517

Renal transplantation, 528–549
acute tubular necrosis, 532
arterial thrombosis, 533–534, 534f
arteriovenous fistula, 538–539, 541f
background, 528–529
biopsy, 457–458
ciclosporin toxicity, 536, 539
combined renal and pancreatic 

transplantation, 541
complications

early, 532–536, 536b
late, 537–541, 540b, 541t

contraindications, 529
delayed function, 532–533, 533f, 533t
development of, 528
donor supply, 529
Doppler imaging, 467–468
haemorrhage, 535
histocompatibility testing, 529
hypertension in, 477
imaging the transplanted kidney, 530–532, 

530f–531f
immunosuppression, 529–530
indications, 529
infection, 536
malignancy in, 541, 544f
post-transplant collections, 535–536, 

536f–537f

preoperative management, 529
recurrent disease, 540
rejection, 532, 539–540, 542, 542f
renal artery stenosis, 546
renal masses, 546
renal vein thrombosis, 478–479
surgery, 529, 530f
tacrolimus toxicity, 536, 539
transplant artery stenosis, 537–538, 537t, 

538f–540f
ureteric obstruction, 535
ureteric stenosis, 537
urinary leak, 535
urinary tract infection, 540, 543f
use of micro-bubble contrast agents, 

542–547, 546b
vascular occlusion, 546, 547f
venous thrombosis, 534–535, 535f, 535t

Renal veins, 413–414, 417–418, 417f, 422
anatomy, 469
colour flow map, 469
occlusion, 447–448
renal cell cancer propagation into, 480
in renal transplantation, 532
thrombosis, 447–448, 478–480, 480b, 480f, 

534–535, 535f, 535t, 1454–1455, 
1456f

acute, 479, 480f
chronic, 478–479
Doppler ultrasound appearances, 

479–480
greyscale ultrasound appearances, 479
symptoms, 478–479

Renin, 473
Reninoma, renal, 512
Renovascular hypertension, 473–477

see also Renal arteries, stenosis
Resistance index (RI), 476

cervical lymph nodes, 932
erectile dysfunction, 624–625
hypoxic ischaemic encephalopathy, 

1266–1269
pelvi-ureteric dilatation, 441, 441f
peripheral arterial disease, 1199–1200
renal arteries, 422
renal transplantation, 532–533
in rheumatological ultrasound, 1132–1133

Resolution, 14–15
Resonance, 7–8, 8b
Retained products of conception (RPOC), 696, 

711–712, 712f
ultrasound diagnosis, 765–766, 766f

Retention cysts, 583t
Rete testis, 595, 597–598, 597f–598f

dilatation, 606–607, 606f
Retina, 940, 941f, 943–948

acquired retinoschisis, 947–948, 948f
detachment, 943–947, 944f

choroidal detachment, 946, 947f
conditions mimicking, 947b
exudative, 946
non-rhegmatogenous, 946
posterior vitreous detachment, 944–945, 

945f
proliferative vitreoretinopathy, 945–946, 

946f
rhegmatogenous, 944
traction, 946–947, 947f

vitreoretinal traction, 944–945, 
944f–945f

disciform lesions, 948, 948f
drusen (hyaline bodies), 948, 948f
haemorrhage, 952
tear, 944–945, 945f

Retinacula-related disorders, wrist,  
1059–1063

Retinoblastoma, 954–955, 955f
Retinoschisis, acquired, 947–948, 948f
Retrograde ejaculation, 580t
Retrohyaloid haemorrhage, 949–950, 950f
Retrolental fibroplasia, 955, 955f
Retromandibular vein, 896f, 898–900
Retroperitoneal space, 817, 818f
Retroperitoneum, 816–824

abscesses, 821, 823, 823f–824f
anatomy, 816–818, 818f
cysts, 821, 822f
fat, 818, 819f
fibrosis, 823–824, 825f
fluid collections, 821–823, 822t, 823f–825f
general appearances, 818–819, 819f
haematoma, 821–822, 825f
lymphadenopathy, 819, 819f
scanning techniques, 818–819
tumours, 819–821, 819b, 820f–821f, 820t

Retropharyngeal infection, 1304
Reverberations, 67–68, 68b, 69f

simple renal cysts, 487, 487f
Rhabdoid tumour, 1462
Rhabdomyosarcomas, 1121

biliary, 1374f
bladder, 562
in children, 1312, 1353, 1353f
female lower genital tract, 1488, 1489f
orbital, 962, 962f
prostate gland, 589t
spermatic cord, 611
testicular, 1494
urinary tract, 1462, 1463f
vaginal, 716, 717f

Rheumatoid arthritis, 1040f
Rheumatoid nodules, 1117, 1131, 1133, 1133f
Rheumatoid vasculitis, 379t
Rheumatological disease, 1126–1136

see also specific diseases
Rhombencephalon, fetal, 746, 746f
Ribs

bifid, 1509f–1510f
cartilaginous abnormalities, 1353–1354
dislocation, 1006–1007
fissures, 1006–1007
fracture, 1006–1007, 1006f, 1353–1354, 

1354f
metastases, 1005–1006, 1006f
normal appearances, 1006–1007, 1007b

Riedel’s lobe, 96, 97f
Riedel’s thyroiditis, 884
Right ventricular dysfunction, hepatic venous 

waveforms in, 195
Rokitansky-Aschoff sinuses, 247
Rokitansky nodule, 674–675
Rotator cuff

anatomy, 1030, 1031f
disease, 1039b
interval, 1030
post-repair, 1035–1036
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tears
full thickness, 1033–1035, 1034f–1035f
partial thickness, 1035, 1035f

Rubella, 1273

S

Sacrococcygeal tumours, 1333, 1334f
Safety, 51–60

British Medical Ultrasound Society 
(BMUS) guidelines, 57–58

cavitation, 54–56
epidemiology, 56–57
European Federation of Societies of 

Ultrasound in Medicine and 
Biology (EFSUMB), 58

Food and Drug Administration (FDA), 51, 
57, 57t

gas body effects, 54–56
hazard indication, 54
regulations and guidelines, 57–59
thermal effects, 52–54
World Federation for Ultrasound in 

Medicine and Biology (WFUMB), 
58–59

Sagittal band, 1055
rupture, 1062–1063

Sagittal sinus thrombosis, 982–983
Saline

breast implants, 1000
as a contrast agent, 77, 78f

Saline infusion hysterography, 700–702, 701f, 
704, 706, 727–728, 727f–728f

complications, 728
method, 727–728
rationale, 727

Salivary glands
in children, 1307–1309
tumours, 1308–1309, 1309f
see also Parotid glands; Sublingual glands; 

Submandibular gland
Salmonella colitis, 401
Sandwich sign, 384, 385f, 817f
Santorini duct, 286
Saphenofemoral junction, 1242, 1243f
Saphenopopliteal junction, 1242
Sarcoidosis

cervical lymph nodes in, 934
liver involvement, 132, 133f, 150
parotid gland involvement, 904
prostate gland in, 589t
spleen in, 343, 343f
testicular, 604, 604f

Sarcomas
abdominal wall, 806
bony, 1512
in children, 1362, 1362f
clear cell, 1462, 1463f
Ewing’s, 1110f
Kaposi’s, 1121
prostate gland, 589t
renal, 521
retroperitoneal, 820, 820f
size and shape, 1110
soft tissue, 1512
synovial, 1124
thyroid, 879

undifferentiated embryonal, 1362, 1362f
uterine, 695, 695f

Sartorius, 1073, 1074f
Scalenus anterior muscle, 911–912
Scanners

application set-ups, 33–34
output power, 34
patient type/frequency, 33

controls, 31–32, 32f
general controls, 32
keys, 32
nomenclature, 31–32
variation in, 31–32
see also specific types

Scapholunate ligament (SLL), 1056–1057, 
1063, 1063f

Scarpa’s fascia, 621
Scattering, 9–10, 10b, 10f, 10t, 61–63, 62f
Schistosoma haematobium, 464–465, 561–562
Schistosoma intercalatum, 128
Schistosoma japonicum, 128
Schistosoma mansoni, 128, 129f
Schistosoma mekongi, 128
Schistosomiasis

liver, 128, 129f
renal, 464–465, 1453–1454

Schizencephaly, 1282, 1282f
Schwann cells, 1158
Schwannomas, 1066, 1119, 1119f, 1164–1165, 

1165f
cervical, 911, 911f
extra-testicular, 611
neonatal, 1333
optic nerve, 962, 963f
parotid gland, 901–902
retroperitoneal, 819–820
tibial nerve, 1105

Sclera, 938, 940f
Sclerosing cholangitis, 216, 267, 267f
Sclerosing lesions, complex, 992–993
Sclerosing peritonitis, 455, 455f
Screening

breast cancer, 999–1000
endometrial cancer, 705
renal artery stenosis, 474–475, 474t–475t
renal cell carcinoma, 513
Wilms’ tumour, 1459–1461

Scrotal pearl, 611–612, 612f
Scrotal sac

anatomy, 594
normal ultrasound appearance, 595–598
vascular anatomy, 594–595

Scrotal wall abnormalities, 618, 618f
Scrotum

acute, 612–618, 614t
paediatric, 1492–1493

Fournier’s gangrene, 618, 618f
involvement in systemic disease, 1494
tumours, 1493–1494, 1494f

Sebaceous cysts, 989, 989f
Second harmonic imaging, 81–82, 82f
Secretin-stimulated ultrasound, pancreas, 304
Seldinger drainage technique, 804f, 816
Semen analysis, subfertility assessment, 735
Semimembranosus tendon, 1084, 1086f
Seminal vesicles, 574

blood supply of, 574
in children, 1409, 1415f

distension, 584, 584f
injection of contrast, 591
normal size, 576–578
normal sonographic appearances, 576–579, 

579f
ultrasound technique, 1409, 1415f

Seminiferous tubules, 594
Seminoma, 599, 608f
Semitendinosus tendon, 1084, 1086f
Sentinel node biopsy, 998
Sepsis, anal, 408, 408f
Septa of Bertin, 420–421, 420b, 421f
Septations

gallbladder, 1375
ovarian, 664, 665f
pleural effusion, 1013, 1013f
in pleural fluid, 1009–1010, 1010f
renal cysts, 488
uterine, 657, 659f
vagina, 716, 1473

Seromas, 805
post-traumatic, 1115

Serous cystadenocarcinoma, ovarian, 671–672, 
671f

Serous cystadenoma, 311–312, 311f
ovarian, 671–672, 671f

Sertoli cell tumour, 601
Sertoli-Leydig cell tumours (androblastoma), 

678
Sesamoid bones, 1096, 1097f, 1106–1107
Sesamoiditis, 1106–1107
Sex cord stromal tumours, 677–678, 1487, 

1487f
Sexual cycle, female, 649, 650f
Sexual differentiation, 1468

disorders, 1473–1478, 1478t
Sexual maturation disorders, 1478–1481, 

1480b
Shadowing, 64f, 88, 88f

edge, 65, 66f
gallstones, 237, 237f–238f
and increased sound transmission, 64–65, 

64f, 65b
reflective, 65f
refractive, 65, 66f
types of, 64t

Shaken baby syndrome, 1287
Shaken impact syndrome, 1330
Shear waves, 13
Short saphenous vein, 1228, 1242, 1243f

bypass grafts, 1207–1208
Shoulder, 1030–1042

acromioclavicular joint, 1039–1040, 1040f
anatomy, 1030, 1031f–1033f
biceps tendon pathology, 1037–1039, 

1039f–1040f
bursitis, 1036–1037, 1036f
calcific tendinitis, 1037, 1037f–1038f
degeneration, 1033, 1034f
fracture, 1041, 1041f
frozen, 1037, 1038f
full thickness tears, 1033–1035, 1034f–1035f
glenohumeral joint, 1040–1041, 

1040f–1041f
impingement, 1032–1033, 1033f, 1036b
interventional techniques, 1170–1173
joint injection, 1172–1173, 1174f
partial thickness tears, 1035, 1035f
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post rotator cuff repair, 1035–1036
suprascapular nerve palsy, 1037, 1038f
technique, 1030–1032

Sialectasis, juvenile, 1308, 1308f
Sialoadenitis, 897, 897f, 904, 905b
Sialolithiasis, 895–897, 1308
Sialosis, 906
Sickle cell disease, 453
Side holes, 813–815
Sigmoid colon, 394–395
Sildenafil, 622–623
Silicone breast implants, 1000
Silicone granulomas, 1000, 1000f
Sinuses, spinal, 1328–1330
Sinus tarsi syndrome, 1105
Sipple’s syndrome, 929
Sirolimus, 529–530
Sister Joseph’s nodule, 806
Sjögren’s syndrome, 904, 904f
Skeletal muscle see Muscle(s)
Skier’s thumb, 1063–1064
Skin tags, spinal, 1328–1330, 1330f
Slice thickness, 21, 22f
Slipped femoral capital epiphysis, 1504–1505, 

1505f
Small bowel, 369–387

abnormal ultrasound appearance, 371, 
371b

adenocarcinoma, 380, 381f
altered blood flow, 371
anisakiasis, 379
blood supply, 371
carcinoid tumours, 381, 382f
in children, 1388–1395

masses, 1394–1395, 1395b
normal anatomy, 1388
obstruction, 1388–1391, 1388f, 1391b
wall thickening, 1392–1394, 1393b

coeliac disease, 385
Crohn’s disease see Crohn’s disease
duplication cysts, 816
extramural changes, 371
gastrointestinal stromal tumours, 381, 383f
haemorrhage, 1393
ileocaecitis, 377, 377f
infections, 376–379
intussusception, 384, 385f
ischaemia, 379, 379t
layers, 370
lipoma, 381
liver transplantation complications, 221
lumen, 371
lymph nodes, 371
lymphoma, 381, 382f–383f, 1394–1395, 

1395f
malrotation, 1389–1390, 1391f
mesenchymal tumours, 381
mesenteric lymphadenopathy, 371
metastases, 381, 384f
mobility, 371
normal ultrasound appearance, 370–371, 

370b, 370f
obstruction, 384, 386f, 1388–1391, 1388f, 

1391b
peristalsis, 371
plasticity, 371
secondary malignancies, 381, 384f
technique, 369–370, 370b, 370f

tuberculosis, 377, 377f–378f
tumours, 380–381, 384b
ultrasound-guided biopsy, 385, 386f
vasculitis, 379–380, 379t, 380f
wall

layers, 371–373
thickness, 371–372

Soft tissue infections, paediatric, 1508, 1509b
Soft tissue masses, 1109–1125

benign, in children, 1350–1352
biopsy, 1191–1192, 1191b, 1192f
bursae, 1115–1116
calcification, 1111–1113, 1113b, 1113f
cysts, 1115–1116, 1116f (see also Cysts)
echo pattern, 1111
ganglion, 1116, 1116f (see also Ganglion 

cysts)
inflammatory, 1116–1117, 1117f
location, 1110, 1111b
malignant, in children, 1353
margin, 1111, 1111b, 1112f
paediatric, 1509–1512, 1512f
pseudo-masses, 1113–1114, 1114f
size and shape, 1110, 1111f
tissue density/compressibility, 1113, 1113f
of traumatic origin, 1114–1115, 1115f
tumour-like, 1113–1117
tumours, 1117–1124

extraskeletal osseous, 1124
fibrous and fibrohistiocytic, 1121–1123
lipomatous, 1117–1119
muscle, 1121
nerve tumours and tumour-like lesions, 

1119–1120
synovial, 1123–1124
vascular, 1120–1121

ultrasound technique, 1109b–1110b, 
1110–1113, 1110f–1111f

vascular, 1117, 1118f
vascularity, 1113, 1114f
see also specific masses

Soft tissue thermal index (TIS), 54
Soleus muscle, 1093

accessory, 1143
Solid pseudopapillary neoplasm, 312
Solitary fibrous tumour, prostate gland, 589t
Sonavist, 140
Sonazoid, 79t, 80
Sonication, 77
Sonoporation, 87
SonoVue, 79, 79t, 80f, 288, 291f
Space-occupying lesions, neonatal, 1284

cysts, 1284
neoplasms, 1284, 1285f–1287f
vascular malformations, 1284, 1288f

Specimen handling, 852–853, 853f
Speckle, 6–7, 7f, 75
Spectral broadening, 476
Spectral (duplex) Doppler

abdominal aorta atherosclerosis, 788
aortic dissection, 789
arteriovenous fistula, 481
carotid arteries, 967–968
hepatic vein occlusion, 195
main renal artery trunks, 471–472
ovarian lesions, 670
parameters, 32, 44–49, 50b

angle correction, 45–46, 46f

angle correction errors, 49, 50f
beam/flow angle, 45–46, 46f
gain, 46, 47f
high pulse repetition frequency, 46–48, 

48f
invert, 46, 47f
power, 46
sample volume/gate size, 48, 48f
scale, 46–48, 48f
sweep, 49, 49f
velocity, 49, 50f
wall filter, 49, 49f

peripheral veins, 1229, 1230f
portal vein, 179, 201
priapism, 627
renal cell carcinoma, 513
renal transplantation, 530–532
scanners, 32, 50b

Specular interfaces, 61–63, 62f, 64b
Speed of ultrasound, 4, 4t
Spermatic cord, 594–595, 596f

haemangioma, 610, 611f
lipoma, 609, 610f
liposarcoma, 611
rhabdomyosarcoma, 611
spontaneous de-torsion, 617
torsion, 612–614, 616–617, 617b, 617f, 

1492–1493
Spermatoceles, 608, 609f
Sperm granuloma, 608–609, 610f
Spigelian hernias, 804, 1081, 1081f
Spina bifida aperta, 1322
Spina bifida cystica, 1322
Spinal arteries, 1320
Spine

infant, 1315–1336
anatomy, 1316–1322

cervical region, 1320
coccygeal region, 1318
conus, 1319–1320
extraspinal, 1316, 1316f
intraspinal, 1318–1320, 1318b
lumbar region, 1318, 1318f–1319f
sacral region, 1318
spinal, 1316–1318, 1316f–1318f
thoracic region, 1319–1320, 

1319f–1321f
vascular structures, 1320–1322, 

1321f
contraindications for ultrasound, 1316
embryology, 1322
indications for ultrasound, 1316, 1316b
lipoma, 1322–1324, 1323f
spinal dysraphism, 1322–1330

closed, 1322–1330, 1322b
open, 1322, 1322b

technique, 1315–1316
trauma, 1330–1332, 1331f
tumours, 1332–1334, 1333f–1334f
ultrasound versus magnetic resonance 

imaging, 1316
vascular anomalies, 1332, 1332f–1333f

Splanchnic arteries, 789–792, 790f–791f
aneurysm, 791–792, 791f
stenosis, 789–791, 791f

Spleen, 324–347
abscess, 338–340, 339f–340f
accessory, 328–329, 328f–329f
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in AIDS, 343
anatomical variants, 1356–1357
anatomy, 324–325, 325f
angiosarcoma, 334, 336f
biopsy, 345
calcifications, 343, 344f, 344t
in children, 1356–1357, 1357f, 1357t, 

1377–1381, 1380b
clefts, 327, 328f
contrast imaging, 85, 86f
contusion, 837–838
cysts, 337–340, 338t, 339f, 341f, 344

contrast imaging, 86f
echogenicity, 326–327
embryology, 324–325
enlarged see Splenomegaly
examination technique, 325–326
focal lesions, 331–343

differential diagnosis, 343–344
function, 324
haemangioma, 334, 336f–337f
haematoma, 837–838
hamartoma, 337, 338f
heterotaxy syndrome: polysplenia and 

asplenia, 330, 331f
infarction, 340–342, 341f, 342t, 838
infection, 338–340, 340f
laceration, 837–838
lymphangioma, 337, 338f
lymphatic drainage, 324–325
lymphoma, 331–334, 334b, 334f
metastases, 334, 335f
microstructure, 324–325
normal ultrasound findings, 326–327, 

326f–328f
notches, 327
peliosis, 340
pseudocysts, 338, 339f
red/white pulps, 325
sarcoidosis, 343, 343f
septation, 327, 328f
size, 327, 327b

in children, 1380
splenosis, 328–329, 330f
spontaneous rupture, 343, 344f
trauma, 837–838, 844

classification, 837–838, 838t
general considerations, 837
mechanisms of injury, 837–838, 838f
ultrasound findings, 838, 839f

tumours, 331–337
ultrasound interventions, 345
vascular lesions, 340–342, 342b
wandering, 329, 330f, 1356–1357

Splenectomy, 324
Splenic artery, 324–325

aneurysm, 342, 342f, 791–792, 791f
pseudoaneurysms, 342
splenic infarction, 340–342

Splenic humps, 420, 420b, 420f
Splenic vein, 324–325

aneurysm, 342
thrombosis, 342, 343f

Spleno-gonadal fusion, 603, 603f
Splenomegaly, 331

causes of, 332f, 332t
in children, 1380, 1380t
in portal hypertension, 182

Splenorenal fusion, 505–507
Splenorenal varices, 183, 185f, 342, 343f
Sportsman’s hernia, 804–805
Spring ligament, 1097, 1097f, 1104
Squamous cell cancer (SCC)

bladder, 561–562
cervical lymph nodes in, 928, 931f
penile, 628–629

Staghorn calculi, 430, 431f
Standing waves, 7–8, 8f
Staphylococcus aureus

breast abscess, 989
cellulitis, 1352
liver abscess, 124
olecranon bursitis, 1050
parotitis, acute, 1307
renal abscess, 496

Staphylococcus spp., post-renal 
transplantation, 536

Starry-sky appearance, 120–121, 121b, 122f
Steal syndromes, 1222, 1223f
Steatohepatitis, non-alcoholic (NASH), 

110–111, 111f
Steatosis

in children, 1359–1360, 1359f–1360f
hepatic see Fatty liver

Stener lesion, 1063–1064, 1064f
Stensen’s duct, 900
Stents, peripheral arterial disease, 1210
Step ladder sign, breast implants, 1000, 1000f
Sternocleidomastoid tumour, 1511, 1511f
Sternomastoid tumour of infancy, benign, 

1302, 1303f
Steroid injections, 1169–1170
Steroid therapy, 529–530
Stimulated acoustic emission (SAE), 83–84
Stomach

anatomical structure, 352
bezoar, 1387, 1387f
cancer, 360, 362f

early/late diagnosis, 360
staging, 353–354, 360

carcinoid tumours, 362, 364f
in children, 1384–1387, 1388b

masses, 1386–1387
obstruction, 1385–1386
technique and normal anatomy, 

1384–1385
wall thickening, 1386

duodenum, 365, 366f
duplications, 1386–1387, 1387f
endoscopic ultrasound, 352–353, 360–365
hypertrophic folds, 362
lipoma, 362, 363f
lymphoma, 360, 362f
peptic ulcer disease, 365
polyps, 360–362, 363f
submucosal lesions, 362
teratomas, 1387
tumours, 1387, 1388f
varices, 183, 363–365, 365f–366f

Stones see Calculi; specific anatomical areas
Streptococcus milleri, 124
Streptococcus spp., cellulitis, 1352
Stress fractures, ankle, 1105–1106
Stress testing, peripheral arterial disease, 1199
String of beads sign, pelvic inflammatory 

disease, 682

Stroke, 965
haemorrhagic, 982–983
ischaemic, 982–983
transcranial Doppler ultrasound, 980–982

Student’s elbow, 1050, 1051f
Stump appendicitis, 394, 394f
Subacromial/subdeltoid bursa, 1030, 

1036–1037, 1036f
effusions, 1040–1041, 1040f
injection, 1170–1172, 1171f

Subarachnoid haemorrhage, 982, 982f
Subclavian artery, 1212–1213

occlusion, 1217f
stenosis, 1214

Subclavian steal syndrome, 1213–1214, 1217f
Subclavian vein, 1241, 1241f
Subdural collection, 1273, 1275f
Subdural effusions, 1273, 1275f
Subdural haematoma, 1285
Subdural haemorrhage, 1285
Subfertility, 731b

causes of, 730–734, 731f
congenital uterine abnormalities, 731, 

732f
endometrial polyps, 733, 733f
endometriosis, 730
hydrosalpinges, 733, 733f
osseous metaplasia of the 

endometrium, 732–733, 732f
polycystic ovaries/PCOS, 733–734, 

734b, 734f
uterine fibroids, 731–732, 732b, 732f

Subharmonic imaging, 84
Subhepatic collections, 212, 212f
Sublingual glands, 891–893
Submandibular duct, 891–893, 892f, 895, 

895f–896f
obstruction, 896–897, 897f

Submandibular gland, 894–895
calculi, 895–897, 896f
post-radiotherapy changes, 897
tumours, 897, 898f

Submandibular lymph nodes, 894, 922–923, 
924f

Submental lymph nodes, 922, 923f
Submucosa, gastrointestinal tract, 352
Subretinal haemorrhage, 956–957
Subscapularis, 1030, 1031f
Subureteric transurethral injection (STING) 

procedure, 1422, 1427f
Sugiura procedure, 186
Sump drains, 813
Superficial inguinal ring, 802, 802f
Superior mesenteric artery (SMA), 94, 773, 

789, 790f
hepatic artery arising from, 189
stenosis, 789–791

Superior oblique muscle, 959–960
Suppurative lymphadenitis, acute, 1304, 

1305f–1306f
Suppurative lymph nodes, 929, 929f
Supraclavicular fossa, 911–912

normal ultrasound anatomy, 911–912
pathology, 912
technique, 911–912

Supracondylar process, humerus, 1160
Suprapatellar recess, 1084
Suprapubic catheterisation, 569
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Suprascapular nerve palsy, 1037, 1038f
Supraspinatus, 1030, 1031f–1032f

barbotage of calcific tendinopathy, 1172, 
1172b, 1172f

rupture, 1035, 1035f
Sural nerve, 1095
Suspensory ligament, 941
Sutures, cranial see Cranial sutures
Symphysis pubis, 1081–1082, 1081f

injection, 1082, 1180–1181
Synchysis scintillans, 949
Synchysis senilis, 944–945
Synechiae, intrauterine, 709, 711f
Synovial cysts, 1115
Synovial osteochondromatosis, 1047–1048, 

1048f, 1123, 1123f
Synovial sarcoma, 1124
Synovial tumours, 1123–1124
Synovitis

ankle, 1104, 1104f, 1107
elbow, 1047, 1047f
localised pigmented villonodular, 1066, 

1067f
ultrasound features of, 1127–1128, 1128b, 

1128f
Syringomyelia, 1328, 1329f
Systemic lupus erythematosus, 379t, 453, 453f
Systolic acceleration time (SAT), 207–208

T

Tacrolimus, 529–530, 536, 539
Takayasu’s arteritis, 1214, 1218f
Tamm-Horsfall proteinuria, 1443, 1443f
Tamoxifen, 706, 707f
Tampons, retained, 715–716
Tapeworm, 129
Tardus parvus waveform, hepatic artery, 

206–208
Targeted contrast microbubbles, 86–87
Tarsal tunnel syndrome, 1105
Tear, 944–945
Technique, 1253–1254
Temporal resolution, 15
Tendinitis

biceps, 1039
calcific, 1037, 1037f–1038f

Tendinopathy, 1025, 1026f
calcific, 1172, 1172b, 1172f

Tendinosis, 1025, 1026f
ankle, 1107b
triceps, 1048–1049, 1049f

Tendons, 1027–1028, 1027f–1028f, 1028b
disease, ultrasound features of, 1130–1131, 

1131b, 1131f
neovascularity, 1025, 1025b

Tendon sheath injection, 1175–1176, 1177b, 
1178f

Tennis elbow, 1049, 1050f
Tennis leg, 1089, 1151, 1151f, 1153, 1153f
Tenon’s capsule, 938
Tenosynovitis, 1130, 1131f
Tensor fascia lata, 1072–1074, 1074f
Teratocarcinoma, testicular, 600, 601f
Teratomas

gastric, 1387
immature ovarian, 676

mature ovarian, 674–676, 674f–677f, 676b
mediastinal, 1347, 1347b
mesenteric, 1402–1403
ovarian, 674–676, 674f–677f, 676b, 

1487–1488
retroperitoneal, 819–820
sacrococcygeal, 1333, 1334f
testicular, 599–600, 601f

Teres minor, 1030
Terjesen technique, 1503
Terminal ileum, 369–370

acute, 1393
in children, 1393

Terson’s syndrome, 950
Testicular artery, 594–595, 597f
Testicular veins, 594–595
Testis

abscess, 604, 605f
adrenal rest cells, 603, 603f
anatomy, 593–595, 594f, 595b, 1490–1491
appendage torsion, 617, 618f, 1493, 1493f
artefacts, 595–598
atrophy, 607, 607f
carcinoma, 598–599
choriocarcinoma, 600
congenital anomalies, 1491–1492
cystic dysplasia, 607, 1492
cysts, 605–606, 606f
embryology, 593–594
embryonal cell carcinoma, 600
epidermoid cyst, 602, 603f
focal lesions

neoplastic, 598–602, 599t
non-neoplastic, 602–607

germ cell tumours, 599–600, 600f–601f, 
1494

gonadal stromal tumours, 600–601
haematoma, 604–605, 605f
inguinal, 1491, 1491f
intra-testicular abnormalities, 598–608
leukaemia, 602, 602f, 1494
Leydig cell tumour, 601, 601f, 1494
lymphoma, 601–602, 602f, 1494
macrocalcification, 607–608, 608f
metastases, 602, 602f
microlithiasis, 607–608, 608b, 608f, 1492, 

1492f
normal ultrasound appearance, 595–598
normal variants, 595–598
orchitis, 604, 605f
paediatric, 1490–1494, 1494b
post-biopsy, 605
postoperative, 605
prosthesis, 607, 607f
rhabdomyosarcoma, 1494
sarcoidosis, 604, 604f
segmental infarction, 603, 604f
Sertoli cell tumour, 601
size, 595, 596f
spleno-gonadal fusion, 603, 603f
spontaneous de-torsion, 617
teratocarcinoma, 600, 601f
teratoma, 600, 601f
torsion, 616–617, 617b, 617f, 1492–1493, 

1493f
congenital, 1491–1492

trauma, 615–616, 616f, 1493, 1494f
tumours, 1494, 1494f

two-tone, 597, 597f
ultrasound examination technique, 593, 

594f, 1490
vascular anatomy, 594–595, 595f
venous infarction, 614–615, 614f
yolk sac tumour, 600, 600f

Tethered cord syndrome, 1324–1325, 1325b, 
1325f

Thalamus, 1257
Theca lutein cysts, 667, 764, 764f
Thecoma, ovarian, 678, 679f
Thelarche, 1470

isolated premature, 1481, 1481f
Thermal effects of ultrasound, 52–54

experimental investigation of heating, 
52–53

heating mechanisms, 52, 52t
implications of heating, 53–54
World Federation for Ultrasound in 

Medicine and Biology (WFUMB), 
58

Thermal index (TI), 34, 52–54, 54b
bone-at-focus, 54
British Medical Ultrasound Society 

(BMUS) guidelines, 57–58
cranial bone, 54
hazard indication, 54
soft tissue, 54
use of during ultrasound examination,  

54
Thermography, 1227
Thigh muscles, 1141, 1143t, 1144f
Thoracic outlet syndrome, 1213–1214
Thoracic ultrasound, 1005–1021

see also specific anatomical areas
Thoracoscopy, 1013–1014
Three-dimensional scanning

artefacts, 75
bladder cancer, 562–563
cervical cancer, 714
endometrial cancer, 704
eye, 943

Thrombin injection
oesophageal varices, 359, 360f
pseudoaneurysms, 301

Thrombolysis, 980–982
Thrombolysis in Brain Ischaemia (TIBI) 

classification, 980
Thrombosis

calf vein, 1233, 1233f
haemodialysis access, 1222
hepatic artery, 205–207, 206f–207f, 219–220, 

219f
hepatic veins, 194–195, 196f (see also 

Budd-Chiari syndrome)
inferior vena cava, 792, 793f
internal jugular vein, 1304
jugular veins, 908–909, 910f–911f
neonatal brain, 1270–1272, 1272f
portal vein, 188–189, 188b, 188f–191f, 201, 

220, 220f, 1365–1366, 1366f
renal artery, 533–534, 534f, 1455, 1457f
in renal cell carcinoma, 513–517
renal vein, 447–448, 534–535, 535f, 535t, 

1454–1455, 1456f
sagittal sinus, 982–983
splenic vein, 342, 343f

Thymic cysts, 1298–1299
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Thymus, 884, 914, 916f
anatomy, 1338, 1338f
in children, 1338–1339, 1338f, 1340f
ectopic, 1340f

Thyroglossal duct cysts, 893, 914–917, 917f
in children, 1294–1295, 1295f

Thyroid gland, 867–884
abscess, 1310, 1310f
adenoma, 1310–1312, 1312f
anatomy, 867, 868f
carcinoma, 1312
in children, 1309–1312
cysts, 1309, 1310f
diffuse disease, 1310
diffuse parenchymal diseases,  

882–884
ectopic, 1309
ectopic tissue, 894, 894f
embryology, 868–869
focal lesions, 1310–1312
goitre see Goitre
malignant tumours, 873–882

anaplastic carcinoma, 879–880, 880b, 
880f

follicular neoplasm, 876–878, 877b, 
877f–878f

incidentalomas, 881–882
lymphoma, 880–881, 880b, 880f
medullary carcinoma, 878–879, 879b, 

879f, 929
metastases, 881, 881b, 881f
papillary carcinoma, 873–876, 874f–

877f, 875b, 928, 929f, 933
nodular disease, 869–872

colour and power Doppler, 872
comet tail sign, 872, 872f
echogenicity, 870
elastography, 872
generic ultrasound features of nodules, 

869
interval growth of nodule, 872
investigative strategies for, 881–882
margins, 870–871
multiple, 882, 882b
nodule size, 869
patterns of calcification, 870, 871f
shape: tall versus wide, 871–872
solid/cystic nodules, 870, 870f
solitary versus multiple nodules, 

869–870, 869f
ophthalmology, 960–963, 960f
sarcoma, 879
scanning technique, 867
thyroiditis see Thyroiditis
ultrasound features of adjacent structures 

suggestive of thyroid carcinoma, 
872–873, 873f

Thyroiditis, 882–884
acute suppurative, 884, 1310, 1310f
classification, 882, 883t
de Quervain’s, 883–884, 884f
general ultrasound appearance, 883
Hashimoto’s, 880, 883, 883f
Riedel’s, 884

Tibial artery
calcification, 1207f
stenosis, 1205f, 1206–1207

Tibialis anterior, 1097–1098, 1098f

Tibialis posterior, 1096, 1096f, 1103–1104, 
1103f–1104f

Tibial nerve
neuroma, 1105
posterior, 1096
schwannoma, 1105

Tibial veins, 1232
Tibiofibular joint

aspiration and injection, 1187
proximal, 1091

Tibiofibular ligaments, 1099, 1099f
Tibionavicular ligament, 1097
Tibiotalar joint injection, 1187
Tibiotalar ligament, 1097
Tight filum terminale syndrome, 1324–1325, 

1325f
Time gain compensation (TGC), 23
Time sampling artefacts, 74–75, 74b
Tinel sign, 1119
Tip of the iceberg sign, mature teratomas, 

674–675, 675f
Tissue absorption, heating due to, 52–53
Tissue characterisation, 12–13, 12f
TNM staging

bladder cancer, 563, 563b
upper gastrointestinal tract cancer, 

353–354, 355t
Tongue, 893f
Topical anaesthesia, paediatric hip aspiration, 

1183
Toxocara canis, 129
Toxocara catis, 129
Toxocariasis, 129, 955
Toxoplasmosis, 1273, 1274f
Trachea, 914
Trachelectomy, 697–700
Traction retinal detachment, 946–947, 947f
Tranexamic acid, 689
Transabdominal ultrasound

bladder, 551, 552f, 562
cancer, 563

female pelvis, 645–646, 646b, 649–651, 
650f–651f

neuroendocrine tumours, 314
pancreas, 286–288, 287f–291f
uterus, 686–687

Transcranial Doppler ultrasound
anatomy, 976–977
aneurysms, 982
applications, 979–983
arteriovenous malformations, 982
carotid arteries, 976–983
examination technique, 977–978
pulsed, 978, 978f
suboccipital window, 977
transorbital window, 977–978
transtemporal window, 977, 977f–978f

Transcranial imaging
British Medical Ultrasound Society 

(BMUS) guidelines, 58
contrast agents, 85
see also Transcranial Doppler ultrasound

Transducers, 8, 16, 32–33, 33f
aperture control, 21, 21f
array, 19f, 23b

curved, 19f, 20
curvilinear, 22, 22f
linear, 19f–20f, 20, 42, 43f

square, 22, 22f
steered, 20, 20f
stepped, 20, 20f

B-mode imaging, 17
construction, 18, 18b, 18f
elevation focusing, 21, 22f
endo-cavity, 19f
endoscopic ultrasound, 351
focusing, 21, 21f–22f
heating, 53
intraoperative ultrasound, 273–274, 274f
mechanical, 22–23
paediatric chest, 1337
pelvic region, 1069
3/4D, 21–22, 22f

Transient ischaemic attacks (TIAs), 965
Transient synovitis, hip, 1503–1504, 1504f
Transitional cell carcinoma (TCC)

bladder, 431, 517, 561–562
ovarian, 674, 674f
pelvi-ureteric dilatation, 433–434, 

433f–434f
renal, 517–521, 519b

aetiology, 517–518
other tests, 519–520
patterns of spread, 520
staging, 520t
survival, 520t
symptoms, 518
treatment, 520–521
ultrasound findings, 518–519, 519f–521f

Transjugular intrahepatic portosystemic 
shunt (TIPS)

assessment of function, 186–187
complications, 186
occlusion, 188
portal hypertension, 186–188, 186f
pre-liver transplantation assessment,  

203
stenosis, 187–188

Trans-mediastinal artery, 595, 597f
Transperineal scanning, anal canal, 405–406
Transrectal ultrasound (TRUS)

benign prostate hyperplasia/hypertrophy, 
581, 582f

bladder, 551
cervical cancer, 714
-guided intervention, 587–591
haematospermia, 584–585
male infertility evaluation, 584
prostate, 574–576, 575f, 576b, 577f, 578b

biopsy see Prostate, biopsy
cancer, 566, 585, 586f, 588t
indications for, 576b
TRUS-guided intervention, 587–591
unusual abnormalities, 587, 589f, 589t

Transurethral resection of the prostate 
(TURP), 581, 582f

Transurethral ultrasound, 563–564
Transvaginal biopsy, 722–723, 722b, 723f–724f

complications, 723
method, 722–723
rationale, 722

Transvaginal scanning (TV)
anal canal, 405–406
bladder, 551, 566
in early pregnancy, 741
endometrial cancer, 704, 705f
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female pelvis, 646, 646b, 651–652, 
651f–652f

ovarian cancer, 680
transducer heating, 53
uterus, 686–687

Transverse colon, 394–395
Transverse tibiofibular ligament, 1099
Transversus abdominis, 1076
Transvesical ultrasound, 566
Trauma

abdominal see Abdominal trauma
abdominal wall, 801
anal, 408, 408f
bladder, 569, 569b
carotid arteries, 966
eye, 956–958, 956f–958f, 957b
foot, 1107
neonatal brain, 1285–1287

accidental injury, 1285
birth-related injury, 1285, 1289f
non-accidental injury, 1285–1287, 

1289f–1290f
paediatric, 1505–1508, 1506b
pelvi-ureteric dilatation, 438
penile, 629, 629f
peripheral nerves, 1161–1163, 1162f–1164f, 

1163b
renal, 838–841, 845, 845f

in children, 1457–1458, 1457f
classification, 839–840, 839t
general considerations, 838–841
mechanisms of injury, 839–840
ultrasound findings, 840–841, 840f–841f

soft tissue masses, 1114–1115
spinal, 1330–1332, 1331f
testicular, 615–616, 616f, 1493, 1494f

Triangle sign, 945–946, 946f
Triangular fibrocartilage complex (TFC), 1057, 

1063
Triangular ligaments, liver, 93
Triceps tendon, 1045

rupture, 1049, 1049f
tendinosis, 1048–1049, 1049f

Tricuspid regurgitation, 195, 197f
Triggered imaging, 82–84
Trigger finger, 1060
Triploidy, 764, 765t
Trocar drainage technique, 815–816
Trochanteric bursal injection, 1184, 1185f
Troisier’s sign, 926
Trousseau’s syndrome, 909
Tubal ring, ectopic pregnancy, 754–755, 

755f–756f
Tuberculosis

intestinal, 399–400, 399f, 399t
liver involvement, 132–133, 133f–134f
lymphadenitis, 1305–1306
Mantoux test, 1306
peritonitis, 812, 813f
prostate gland, 589t
pulmonary, 1015
renal, 463–464, 465b, 465f, 1453–1454
small intestine, 377, 377f–378f

Tuberculous lymph nodes, 929
Tuberous sclerosis, 502, 502b, 502f–503f, 509f

neonatal brain, 1282, 1283f
renal manifestations, 1441f

Tubo-ovarian abscess, 682, 683f

Tubo-ovarian complex, 682, 683f
Tubular necrosis, acute, 449, 451, 532, 542
Tubulo-interstitial disease, 484
Tumour ablation, 816–824

ablative energy, 816–818
brachytherapy, 806f
cryoablation, 803f, 821
focused ultrasound, 823–824

peri-procedural monitoring, 806f–807f
post-procedural imaging, 807f
procedural targeting, 806f

interstitial laser photocoagulation
microwave, 821–823
radio-frequency, 804f, 819–821
techniques, 818–819
tumour pathophysiology and its 

modification, 808f
Tumours

ablation see Tumour ablation
inferior vena cava obstruction, 793–794, 
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