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sents the most dynamic subdiscipline of emergency medicine.
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ized the way that acute injuries and conditions are managed
in the ED. More sophisticated imaging modalities are com-
monplace now, enabling acute conditions such as cardiac arrest,
aortic aneurysm, and fetal trauma to be diagnosed within sec-
onds. Clinical Emergency Radiology is a new clinical resource in
the field of emergency radiology. It thoroughly addresses both
the technical applications and the interpretation of all imag-
ing studies used in the ED, including x-rays, MRI, CT, and
contrast angiography. The full spectrum of conditions diag-
nosed within each modality is covered in detail, and exam-
ples of normal radiological anatomy, patterns, and anomalies
are also included. This book is designed to be a standard ref-
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Plain Radiography of the Upper Extremity in Adults

Kenny Banh and Gregory W. Hendey

Plain radiography remains the imaging study of choice for most
applications in the upper extremity. Far and away, the most com-
mon indication for plain radiography in the upper extremity is
acute trauma. The shoulder, humerus, elbow, forearm, wrist,
and hand are common radiographic series that are useful in
diagnosing an acute fracture. Other imaging modalities such as
CT, ultrasound, and MRI are not generally indicated in acute
trauma, but have an important role in diagnosing soft tissue
pathology.

Another common indication for plain radiography of the
upper extremity is the search for a foreign body in a wound.
Plain films are an excellent modality for the detection of com-
mon, dense foreign bodies encountered in wounds, such as glass
and rock, but they are much less sensitive in the detection of
plastic or organic materials (1). Other imaging modalities such
as CT, ultrasound, and MRI are superior for the detection of
organic and plastic foreign bodies (2). The principles of using
plain films for foreign body detection are similar regardless of
the location in the body and are not discussed in further detail
here.

In this chapter, the upper extremity is divided into three
sections: 1) the shoulder, 2) the elbow and forearm, and 3) the
wrist and hand. Within each section, the indications, diagnostic
capabilities, and pitfalls are discussed, followed by images of
important pathological findings.

THE SHOULDER

Indications

The main indication for plain radiography of the shoulder is
acute trauma. There are a number of acute injuries that may
be discovered on plain radiography after acute trauma, includ-
ing fractures of the clavicle, scapula, and humerus, as well as
shoulder (glenohumeral) dislocation or acromioclavicular (AC)
separation. Although many patients may present with suba-
cute or chronic nontraumatic pain, the utility of plain films
in that setting is extremely low. In the setting of chronic, non-
traumatic shoulder pain, plain films may reveal changes con-

Anterior Shoulder. A = Acromion, B = Clavicle, C = Coracoid
process, D = Neck of scapula, E = Scapular notch, F = Greater
tuberosity, G = Anatomical neck, H = Surgical neck

sistent with calcific tendonitis or degenerative arthritis, but it
is not necessary to diagnose such conditions in the emergency
setting.

Several studies have focused on the issue of whether all
patients with shoulder dislocation require both prereduction
and postreduction radiographs (3). Some support an approach
of selective radiography, ordering prereduction films for first-
time dislocations and those with a blunt traumatic mechanism

3



4 Kenny Banh and Gregory W. Hendey

of injury, and postreduction films for those with a fracture-
dislocation. It is also important to order radiographs whenever
the physician is uncertain of joint position, whether dislocated
or reduced. Therefore, it may be appropriate to manage a patient
with a recurrent dislocation by an atraumatic mechanism with-
out any radiographs, when the physician is clinically certain of
the dislocation and the reduction.

Diagnostic Capabilities

In most settings, if the plain films do not reveal a patholo-
gical finding, no further imaging is necessary. MRI is an impor-
tant modality in diagnosing ligamentous injury (e.g., rotator cuff
tear), but is rarely indicated in the emergency setting.

With the possible exception of the scapula, most fractures of
the shoulder girdle are readily apparent on standard plain films,
without the need for specialized views or advanced imaging. The
shoulder is no exception to the general rule of plain films that at
least two views are necessary for adequate evaluation. The two
most common views in a “shoulder series” include the antero-
posterior (AP) and the lateral or “Y” scapula view. Other views
that are sometimes helpful include the axillary and apical oblique
views. In the axillary view, the film cassette is placed superior to
the shoulder and the beam is directed up into the axilla, with the
humerus in a slightly abducted position. In the apical oblique,
the cassette is posterior to the shoulder and the beam is directed
from a position 45 degrees superior to the shoulder. The point of
both additional views is to enhance visualization of the glenoid
and its articulation with the humeral head. These views may be
particularly helpful in diagnosing a posterior shoulder disloca-
tion or a subtle glenoid fracture.

Another specific radiographic series that is sometimes used
is the AC view with and without weights. Although the intent of
these views is to augment the physician’s ability to diagnose an AC

Figure 1.1. Clavicle fractures (A) are often described by location, with
the clavicle divided into thirds: proximal, middle, or distal. Note the
scapular fracture (B) as well.

Figure 1.2. AC separation is commonly referred to as a “separated
shoulder” and can be classified as grade 1 (AC ligament and cora-
coclavicular [CC] ligaments intact, radiographically normal), grade 2
(AC ligament disrupted, CC ligament intact), or grade 3 (both liga-
ments disrupted, resulting in a separation of the acromion and clavicle
greater than half the width of the clavicle).

separation, they are not recommended for the following reasons:
1) the views might occasionally distinguish a second- from a first-
degree separation, but that difference has little clinical relevance
because both are treated conservatively; and 2) third-degree AC
separations are usually obvious clinically and radiographically,
without the need for weights or additional views.

Imaging Pitfalls/Limitations

Although most acute shoulder injuries may be adequately evalu-
ated using a standard two-view shoulder series, posterior shoul-
der dislocation can be surprisingly subtle and is notoriously dif-
ficult to diagnose. When posterior dislocation is suspected based
on the history, physical, or standard radiographic views, addi-
tional specialized views such as the axillary and apical oblique
can be very helpful. Most radiographic views of the shoulder may
be obtained even when the injured patient has limited mobility,
but the axillary view does require some degree of abduction and
may be difficult.

Clinical Images

Following are examples of common and important findings in
plain radiography of the shoulder:

1. Clavicle fracture (fx)
2. AC separation
3. Anterior shoulder dislocation
4. Posterior dislocation (AP)
5. Posterior dislocation (lateral scapula)
6. Luxatio erecta
7. Bankart fx
8. Hill-Sachs deformity
9. Humeral head fracture
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Figure 1.3. The large majority of shoulder dislocations are anterior,
and the large majority of anterior dislocations are subcoracoid, as
demonstrated in this AP view.

Figure 1.4. Posterior shoulder dislocation is uncommon and is difficult
to diagnose on a single AP radiograph. Although it is not obvious in
this single view, there are some hints that suggest posterior dislocation.
The humeral head is abnormally rounded due to internal rotation
(light bulb sign), and the normal overlap between the humeral head
and glenoid is absent.

Figure 1.5. Posterior shoulder dislocation is clearly evident on this
lateral scapula view, while it was much more subtle on the preceding
AP view (see Fig. 1.4). This illustrates the importance of obtaining a
second view such as the lateral scapula view or axillary view.

Figure 1.6. Luxatio erecta is the rarest of shoulder dislocations in which
the humeral head is displaced inferiorly while the arm is in an abducted
or overhead position.
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Figure 1.7. Although radiographically subtle, the Bankart fracture is a
small avulsion of the inferior rim of the glenoid. The loss of the glenoid
labrum destabilizes the glenohumeral joint and nearly assures recurrent
dislocations.

Figure 1.8. The Hill-Sachs deformity is a compression fracture of the
superolateral aspect of the humeral head and is commonly noted
in recurrent shoulder dislocations. It is believed to occur when the
humeral head is resting against the inferior rim of the glenoid while
dislocated.

Figure 1.9. Humeral head fracture often occurs across the surgical neck
(A) but may also occur at the anatomical neck (B).

THE ELB OW AND FOREARM

Indications

Similar to the shoulder, the most common use of elbow and fore-
arm plain radiography is in the setting of acute trauma. There are
numerous fractures and dislocations that can be easily visualized
with plain films. Chronic pain in these areas is often secondary to
subacute repetitive injuries of the soft tissue such as epicondylitis
or bursitis. Many of these soft tissue diseases such as lateral “ten-
nis elbow” and medial “golfer’s elbow” epicondylitis are easily

diagnosed on clinical exam and generally require no imaging at
all. Plain films may reveal such soft tissue pathologies as foreign
bodies and subcutaneous air.

No well-established clinical decision rules exist for the imag-
ing of elbows and forearms in the setting of acute trauma. Patients
with full range of flexion-extension and supination-pronation of
the elbow and no bony point tenderness rarely have a fracture,
and they generally do not require imaging (4). Midshaft forearm
fractures are usually clinically apparent, and deformity, swelling,
and/or limited range of motion are all indications for obtaining
radiographs.
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Diagnostic Capabilities

In most cases, if no pathology is found in the plain films of the
forearm or elbow, no further imaging is required. Although obvi-
ous fractures are easily visualized on plain film, some fractures
leave more subtle findings. Radiographs of the elbow in partic-
ular may yield important indirect findings. The elbow joint is
surrounded by two fat pads, an anterior one lying within the
coronoid fossa and a slightly larger posterior fat pad located
within the olecranon fossa. In normal circumstances, the poste-
rior fat pad cannot be visualized on plain films, but a traumatic
joint effusion may elevate the posterior fat pad enough to be visu-
alized on a 90-degree lateral radiograph. The anterior fat pad is
normally visualized as a thin stripe on lateral radiographs, but
joint effusions may cause it to bulge out to form a “sail sign” (5).
Traumatic joint effusions are sensitive signs of an intraarticular
elbow fracture (6).

Imaging Pitfalls/Limitations

The two standard views of the elbow are the AP view and the
lateral view with the elbow flexed 90 degrees. The majority of
fractures can be identified with these two views, but occasionally

Figure 1.10. Subtle soft tissue findings such as this posterior fat pad (A)
and sail sign (B) are markers for fractures that should not be dismissed.

Figure 1.11. A radiocapitellar line is drawn through the radius and
should bisect the capitellum regardless of the position of the elbow.

Figure 1.12. A common joint dislocation, only overshadowed in num-
bers by shoulder and interphalangeal dislocations, most elbow dislo-
cations occur during hyperextension. The majority are posterior and
are obvious clinically and radiographically.

supplementary views may be obtained to identify certain parts
of the elbow and forearm. The lateral and medial oblique views
allow easier identification of their respective epicondylar frac-
tures. The capitellum view is a cephalad-oriented lateral view
that exposes the radial head and radiocapitellar articulation.
The axial olecranon is shot with a supinated and flexed fore-
arm and isolates the olecranon in a longitudinal plane. Despite
these supplementary views, pediatric fractures sometimes reveal
no findings on plain radiographs, so a low threshold must be
kept to conservatively splint or use more advanced imaging
techniques.

Clinical Images

Following are examples of common and important findings in
plain radiography of the elbow and forearm:

10. Posterior fat pad
11. Radiocapitellar line
12. Elbow dislocation, posterior
13. Monteggia fracture
14. Galeazzi fracture (AP)
15. Galeazzi fracture (lateral)
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Figure 1.13. Monteggia fractures/dislocations are frac-
tures of the proximal ulna with an anterior dislocation
of the proximal radius. These injuries are usually caused
by rotational forces, and the dislocation may not be
obvious. Drawing a radiocapitellar line aids in making
the diagnosis as it demonstrates the misalignment.

Figure 1.14. Galeazzi fractures or Piedmont fracture is a fracture of
the distal third of the radius with dislocation of the distal ulna from the
carpal joints. This is the exact opposite of a Monteggia fracture and is
also caused by rotational forces in the forearm, although more distal.

Figure 1.15. Often mistaken for a simple distal radius fracture on AP
radiograph, the dislocation is clearly evident on a lateral forearm or
wrist.
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THE WRIST AND HAND

Indications

As with the rest of the upper extremity, the major indication for
imaging of the wrist and hand is in the setting of acute trauma.
It is one of the most difficult areas to differentiate between soft
tissue and skeletal injury on history and physical examination
alone. Imaging is necessary even with obvious fractures because
the extent of the fracture, displacement, angulation, and articular
involvement are important to determine if the patient needs
closed reduction in the ED or immediate orthopedic referral for
possible open reduction and surgical fixation.

There are still settings where imaging of the hand and wrist
is not indicated. Carpal tunnel disease and rheumatologic and
gouty disorders are chronic diseases that usually do not involve
acute trauma and can be diagnosed based on a good history and
physical exam alone.

Diagnostic Capabilities

Besides searching for acute bony fractures and dislocations, plain
films can reveal other important pathology. In the setting of
high-pressure injection injuries to the hand, subcutaneous air is
a marker for significant soft tissue injury, and often an indication
for surgical exploration. Many carpal dislocations and ligamen-
tous injuries are readily visualized on radiographs of the wrist
and hand. Perilunate and lunate dislocations usually result from
hyperextension of the wrist and fall on an outstretched hand
or “FOOSH” injury. They may be poorly localized on physical
exam and films, and a good neurovascular exam, especially of
the median nerve, is indicated.

Imaging Pitfalls/Limitations

Because of the size and number of bones, complete radiographic
sets of hand and wrist films are often acquired. The minimum
standard views of the hand and wrist involve a posterior-anterior,
lateral, and pronated oblique. This third view helps assess angu-
lated metacarpal fractures that would normally superimpose on
a true lateral. Accessory views of the hand such as the supination
oblique or ball catcher’s view can help view fractures at the base of
the ring and little finger, while a Brewerton view, which dorsally
places the hand down and shoots the film at an ulnar oblique
angle, allows better visualization of the metacarpal bases. The
wrist accessory films include a scaphoid view, a carpal tunnel
view that looks at the hook of the hamate and trapezium ridge,
and a supination oblique view that isolates the pisiform. These
accessory films should be ordered whenever there is localized
tenderness or swelling in these areas.

Unlike the proximal upper extremity, fractures in the wrist
and hand may not always be readily apparent on plain films.
Scaphoid fractures often result from a FOOSH injury. About
10% to 20% of scaphoid fractures have normal radiographs on
initial presentation to the ED. Therefore, it is extremely impor-
tant to not disregard these clinical signs of scaphoid fracture:
“anatomical snuff box” tenderness, pain with supination against
resistance, and pain with axial compression of the thumb.

Bones of the Wrist: Palmar View. A = Scaphoid, B = Lunate,
C = Triquetrum, D = Pisiform, E = Hamate, F = Capitate,
G = Trapezoid, H = Trapezium

More advanced imaging modalities of the wrist and hand
such as CT, MRI, and high-resolution ultrasound are much
more sensitive for identifying fractures, bone contusions, and
ligamentous injury that would be missed on plain radiography
(7). Whether advanced imaging is indicated in the emergency
department may depend on local resources.

Clinical Images

Following are examples of common and important findings in
plain radiography of the wrist and hand:

16. Colles’ fracture (AP)
17. Colles’ fracture (lateral)
18. Smith’s fracture (AP)
19. Smith’s fracture (lateral)
20. Scaphoid fracture
21. Scapholunate dissociation
22. Lunate dislocation (AP)
23. Lunate dislocation (lateral)
24. Perilunate dislocation (AP)
25. Perilunate dislocation (lateral)
26. Boxer’s fracture (AP)
27. Boxer’s fracture (lateral)
28. Tuft fracture
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Figure 1.16. A Colles’ fracture occurs at the distal metaphysis of the
radius with dorsal displacement and radial length shortening. An
extremely common injury pattern also seen in FOOSH injuries, the
radial head is shortened, creating a disruption of the normally almost
linear continuation of the radial and ulnar carpal surfaces.

Figure 1.17. The dorsal displacement is evident on the lateral radio-
graph, and proper reduction needs to restore this alignment.

Figure 1.18 (left). A Smith’s fracture, also
known as a reverse Colles’ fracture, is a dis-
tal radius fracture with volar instead of dorsal
displacement of the hand. Usually caused by
direct blows to the dorsum of the hand, these
fractures often need eventual surgical reduc-
tion.

Figure 1.19 (right). Sometimes referred to as
a “garden spade” deformity, the lateral view
differentiates this type of fracture from the
more common Colles’ fracture.



Plain Radiography of the Upper Extremity in Adults 11

Figure 1.20. Because of the size and number of hand
and wrist bones, many subtle fractures are missed on
cursory views of plain radiographs. All AP hand views
should be checked for smooth carpal arches formed by
the distal and proximal bones of the wrist. Evidence of
avascular necrosis in scaphoid fractures occurs in the
proximal body of the fracture because the blood supply
of the scaphoid comes distally from a branch of the
radial artery. The arrow denotes a scaphoid fracture.

Figure 1.21. A tight relationship between adjacent carpal bones
and the distal radius and ulna should be observed as well. The loss
of this alignment or widening of the space, as seen here between
the scaphoid and lunate bones, is a sign of joint disruption, from
fracture, dislocation, or joint instability. A widening of greater than
4 mm is abnormal and known as the “Terry-Thomas sign” or rotary
subluxation of the scaphoid. The scaphoid rotates away and has a
“signet ring” appearance at times.

Figure 1.22. Lunate dislocations are the most common disloca-
tions of the wrist and often occur from FOOSH injuries. They
are significant injuries involving a volar displacement and angu-
lation of the lunate bone. Notice how the carpal arches are no
longer clearly seen.
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Figure 1.23. The lateral view shows the obviously dislo-
cated and tilted “spilled teacup” lunate. Observe how the
capitate and other wrist bones are in relative alignment with
the distal radius.

Figure 1.24 (above right). Perilunate dislocations are
dorsal dislocations of the capitate and distal wrist bones.
Once again, there is a loss of the carpal arcs with signif-
icant crowding and overlap of the proximal and distal
carpal bones. Neurovascular exams for potential median
nerve injuries are extremely important in these injuries.

Figure 1.25 (right). The lateral view of a perilunate dis-
location shows the lunate in alignment with radial head.
It is the distal capitate that is obviously displaced, in con-
trast to the lunate dislocation.
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Figure 1.26. Metacarpal neck fracture of the fifth metacarpal, com-
monly referred to as a boxer’s fracture, typically occurs from a closed
fist striking a hard object such as a mandible or wall.

Figure 1.27. The lateral view reveals the degree of angu-
lation. The amount of angulation that requires reduc-
tion or impairs function of the hand is controversial, but
many believe greater than 30 degrees of angulation requires
reduction (8).

Figure 1.28. A crush injury to the distal phalanx often causes a tuft
fracture. It is important to evaluate for open fractures, subungual
hematomas, and concomitant nail bed injury.
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Lower Extremity Plain Radiography

Anthony J. Medak, Tudor H. Hughes, and Stephen R. Hayden

INDICATIONS

Lower extremity injuries are frequently encountered in ED and
urgent care settings. As part of the workup of these patients, some
type of imaging modality is frequently used. Plain radiography,
being readily available, inexpensive, and having few contraindi-
cations, is frequently a starting point.

Plain radiography is useful in a number of clinical situations,
including diagnosis of fractures and dislocations and evaluation
of the end result after closed reductions performed in the ED.
In addition, it is helpful in evaluating for radiopaque foreign
bodies and assessing joint spaces for evidence of autoimmune or
degenerative processes such as rheumatoid arthritis or avascular
necrosis. Finally, plain films are also helpful in evaluation of
possible infections, including those involving the bone itself, as
in osteomyelitis, or of the adjacent soft tissues, as in necrotizing
soft tissue infections.

DIAGNOSTIC CAPABILITIES

Lower extremity radiography is useful for the diagnosis of frac-
tures and dislocations of the hip, knee, foot, and ankle, as
well as demonstrating pathology of the femur, tibia, and fibula.
Plain radiography is helpful in evaluating fractures of the lower
extremity bones, as well as masses and malignancies, including
pathological fractures. In some cases, these films will be supple-
mented with CT imaging of the affected area to provide addi-
tional information. In addition to bony pathology, lower extrem-
ity radiography is helpful in assessing the soft tissues, as in the
setting of joint effusions, inflammation of bursae, soft tissue cal-
cifications, or soft tissue infections. Finally, plain radiography is
also useful for visualization of radiopaque foreign bodies of the
lower extremity.

IMAGING PITFALLS AND LIMITATIONS

Information obtained from plain radiographs may be limited
by several factors. Most notable is the quality of the technique
employed. Penetration of the image and proper patient position-
ing are crucial to obtaining useful images. Improper position-

ing can mask findings of subtle hip, tibial plateau, or foot/ankle
fractures.

Beyond technique, other limitations of plain radiography
warrant mention. Postoperative patients sometimes pose a chal-
lenge. If a patient has had prior surgeries or has an internal fixa-
tion device in place, interpretation of the films may become more
difficult. In addition, plain radiography itself has inherent limi-
tations, regardless of patient or quality of technique employed.
For example, many foreign bodies, including organic material,
plastics, and some types of glass, are radiolucent and, therefore,
not well visualized with plain radiography. Ultrasound and MRI
are other imaging options in these cases.

Plain radiography is very good for evaluating most bony
pathology; however, there are exceptions. In the case of
osteomyelitis, for example, there is often a delay of 2 to 3 weeks
between onset of symptoms (pain, fever, swelling) and onset of
radiographic findings. As a result, plain radiography alone is rel-
atively insensitive in making the diagnosis of acute osteomyelitis
(1). Other modalities, including MRI and bone scan, are often
used in these cases.

Other limitations of plain radiography include failure to
detect fractures with subtle radiographic findings, such as acetab-
ular, tibial plateau, or midfoot (Lisfranc’s) fractures. In many
such instances, CT or MRI is necessary if clinical suspicion is
high, even in the setting of negative plain films. It is well reported
that in patients with complex foot and ankle fractures, the sen-
sitivity and negative predictive value of plain radiography alone
are inadequate (2). In these cases, multidetector CT is the modal-
ity of choice. Another area where plain radiography alone yields
insufficient anatomical detail is the proximal tibia. Many authors
support the practice of supplemental imaging with CT to better
delineate the anatomy and allow for preoperative planning and
fracture management (3,4).

Finally, as with any radiographic imaging, one must have
sufficient knowledge of the normal anatomy to be able to rec-
ognize pathology. This includes the ability to distinguish nor-
mal variants from true pathology. For example, bipartite patella,
presence of a growth plate or sesamoid bone may all be mistaken
for abnormalities if a basic understanding of normal anatomy is
lacking.
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ers e
 -  e rees r 

Normal Lateral Left Foot with Bohler’s Angle. A = Calcaneus, B = Talus, C = Navicular,
D = Cuboid, E = Cuneiforms

Normal AP Pelvis. A = Ischial ramus, B = Superior pubic ramus, C = Inferior pubic ramus,
D = Pubic symphysis, E = Obturator foramen, F = Sacroiliac joint

CLINICAL IMAGES

Normal AP Right Foot: A = Medial
cuneiform, B = Intermediate cuneiform,
C = Lateral cuneiform, D = Cuboid, E =
Navicular, F = Talus, G = Calcaneus
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Figure 2.1. Anterior hip fracture-dislocation. The initial AP
radiograph (A) shows the right leg to be externally rotated and
the superior acetabulum to have a discontinuous margin due to
an accompanying acetabular fracture. The CT scans, both axial
(B) and 3D reconstructions (C), show the anterior dislocation of
the femur, with both acetabular fracture and impaction fracture
of the femoral head.

Figure 2.2. Open anterior fracture-dislocation of hip. An AP radio-
graph shows the left hip to be dislocated with the femoral head inferior,
compatible with anterior dislocation. The leg is abducted and exter-
nally rotated, which is commonly the leg position that predisposes to
anterior dislocation. In addition, note the acetabular fracture on the
right.
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B

Figure 2.3. Posterior hip dislocation. AP (A) and lateral (B) radio-
graphs of a 15-year-old male with a posterior left hip dislocation. Note
the high position of the left femoral head on the AP view and the pos-
terior position on the lateral view, which is projecting supine with the
ischium (a posterior structure) at the bottom of the image.
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Figure 2.4. Acetabular fracture not well visualized on CT. This 19-year-
old male sustained a horizontal fracture of the right acetabulum in a motor
vehicle collision. The AP view (A) shows the fracture line over the medial
acetabulum, and the Judet views (B, C) RPO (right posterior oblique) and
LPO (left posterior oblique) show the involvement of the posterior column
and anterior column, respectively. This fracture was very difficult to see on
CT due to the fracture plane being the same as that of the axial CT images.
This underscores the point that in some cases, multiple imaging modalities
are needed to properly characterize the injury.
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Figure 2.5. Posttraumatic avascular necrosis (AVN). This 17-year-old
male sustained a femoral neck fracture (A). Four years later following
decompression, the subsequent radiograph (B), as well as the coronal
plane T1-weighted MRI (C), show sclerosis and lucencies on the radio-
graph (arrows) and well-defined margins of AVN on the MRI (arrow).



20 Medak et al.

Figure 2.6. Impacted fracture of right femoral neck. An AP radiograph
shows impaction of the lateral femoral neck as well as a band of sclerosis
(arrows) in this 46-year-old male.

A B

Figure 2.7. Greater trochanter fracture. This 68-year-old female sustained a greater trochanter fracture, difficult to appreciate with plain
radiography (A). The subsequent coronal T2-weighted MRI (B) shows the edema in the greater trochanter and adjacent hip abductors
(arrows). MRI is useful in the differentiation of surgical and nonsurgical management.

Figure 2.8. Horizontal intertrochanteric fracture. The left poste-
rior oblique radiograph of the pelvis shows a relatively horizontal
intertrochanteric fracture. Most fractures in this region are more
oblique from superolateral to inferomedial.
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Figure 2.9. Pathological fracture of the left subtrochanteric
femur. AP radiograph of the left hip in this 70-year-old male
with Paget disease shows abnormal architecture of the proximal
femur with a coarse trabecular pattern and cortical thickening
typical of the sclerotic phase of this disease. A pathological frac-
ture has occurred through the weakened abnormal bone.
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Figure 2.10. Dislocated total hip arthroplasty. AP and lateral views of the right hip with anterior dislocation (A, B) and following
reduction (C, D). Note the femoral head must be concentric with the acetabulum on both views for it to be correctly located.
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Figure 2.11. Giant cell tumor of bone involving the
right distal femur. AP (A) and lateral (B) radio-
graphs in a 37-year-old male show a lytic lesion
involving the metaphysis and extending to the epi-
physis (arrows). It has a mixed benign and aggres-
sive appearance, with the lateral margin being well
defined and the proximal margin more ill defined.

Figure 2.12. Subluxed patella. A bilateral Merchant view of the patellae
shows the right patella to be laterally subluxed. Axial views of the patella
are taken with the knees flexed 40 degrees and with the film either on
the shins (Merchant projection) or on the thighs (Sunrise or Skyline
projection).
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B

Figure 2.13. Bipartite patella. AP (A) and axial (B) views of the left
knee in a 16-year-old male. Note that the accessory bone fragment is
always superolateral. The margins are rounded and sclerotic, excluding
an acute fracture.
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Figure 2.14. Patella alta. AP (A) and lateral (B) radiographs in a 55-year-old male show the patella to be in
a higher location than is normal. The distance from the inferior articular surface of the patella to the tibial
tubercle should be between 1.5 and 2 times the length of the articular surface of the patella.

A B

Figure 2.15. Femoral condyle fracture. AP (A) and lateral (B) radiographs of the left knee in a 37-year-old
male show a coronal oblique fracture of the lateral femoral condyle. Sagital plane condylar fractures are more
common than coronal. Coronal fractures tend to occur on the lateral side and are called Hoffa fractures.
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Figure 2.16. Knee dislocation. AP (A) and lateral (B)
radiographs in a 77-year-old female show a knee dislo-
cation. The subsequent postreduction angiogram (C)
shows abrupt disruption of flow in the popliteal artery
(arrow). Arterial injury is one of the major concerns
in a patient with knee dislocation.
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Figure 2.17. Tibial plateau fracture. AP (A) and lateral (B) radiographs in a 24-year-old female
following trauma show irregularity of the lateral tibial plateau with a band of sclerosis between the
subchondral bone plate and the epiphyseal scar (arrows). The oblique view (C) confirms this finding
(arrows) and is often helpful in equivocal cases in the absence of CT. The CT images with coronal
(D) and axial (E) reformations also confirm the impacted lateral tibial plateau fracture (arrows). CT
is much more sensitive in detecting tibial plateau fractures than is plain radiography, and it is often
used for preoperative planning and management decisions.
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Figure 2.18. Tibial spine avulsion. AP (A) and lateral (B) radiographs in a 58-year-old male, show avulsion of the tibial spines
by the anterior cruciate ligament (arrow). The subsequent coronal T1-weighted MRI (C) confirms this finding (arrow).
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Figure 2.19. Knee lipohemarthrosis. AP
(A) and lateral (B) radiographs in a 51-year-
old female show a vertical split fracture of
the lateral tibial plateau. In addition, the lat-
eral recumbent view (C) shows a large joint
effusion/hemarthrosis. The cross-table lat-
eral view taken with a horizontal beam
(C) shows a fat fluid level (lipohemarthro-
sis) within the knee (arrows). The fat is
released from the bone marrow, confirming
the intraarticular fracture. In some cases,
this may be the only finding on plain radio-
graphy to suggest a fracture.
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Figure 2.20. Large knee joint effusion. Lateral
radiograph of the knee shows a bulging soft tis-
sue density arising from the superior aspect of the
patellofemoral joint due to an effusion. If the lat-
eral knee radiograph is obtained flexed more than
30 degrees, an effusion may be pushed posteriorly
so that it is no longer visible.

A B

Figure 2.21. Osteoarthrosis of the knee. AP (A) and lateral (B) radiographs of the right knee in a 52-year-old
male show the four cardinal signs of osteoarthrosis: 1) focal joint space narrowing, 2) subchondral sclerosis,
3) subchondral cysts, and 4) osteophytes. In addition, a large intraarticular body is seen in the popliteal recess
(arrow).
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Figure 2.22. Fabella. AP (A) and lateral (B) radiographs of the knee of a 35-year-old male demonstrate a fabella, a
sesamoid bone within the lateral head of the gastrocnemius muscle (arrows). The fabella is sometimes mistaken
for an intraarticular ossified fragment. Note that the fabella is always lateral. In AP projection, the fabella is
round. In the lateral view, the anterior margin should be flat or concave in shape.

A B

Figure 2.23. Metal synovitis of the knee. Lateral oblique radiograph (A), with coned down view (B), in a 69-
year-old female who has extensive microfragmentation of a total knee arthroplasty. Metal has collected in the
synovium, producing a synovitis.
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Figure 2.24. Acute osteomyelitis. AP radiograph
of the proximal tibia shows an ill-defined lucency
with periosteal reaction, compatible with an
aggressive process, in this case osteomyelitis.
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Figure 2.25. Osteosarcoma. AP (A) and lateral (B)
radiographs of the right proximal tibia in a 16-year-old
male show an ill-defined area of sclerosis in the lateral
proximal tibia. Coronal (C) and axial (D) T1-weighted
MRI show low signal centrally, compatible with bone
formation, and high signal peripherally, compatible
with gadolinium uptake by growing tumor.
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Figure 2.26. Tibial fracture. AP (A) and lateral (B) radiographs
of a 16-year-old male following trauma. The AP view clearly
shows the steep oblique fracture of the midtibial shaft. Note the
difficulty of seeing the fracture on the lateral view, emphasizing
the need for more than one view to assess trauma.

Figure 2.27. Toddler fracture. AP radio-
graph of a 22-month-old boy, whose leg
became trapped beneath his mother on
descending a slide, shows a spiral fracture
of the distal tibia (arrows). These nondis-
placed toddler fractures are often difficult
to see on radiographs acutely.
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Figure 2.28. Fibular shaft fracture. AP (A)
and lateral (B) radiographs of the tibia and
fibula in a 45-year-old male following pedes-
trian versus auto accident. The fracture of the
midshaft of the fibula has a butterfly frag-
ment, which is strongly associated with direct
trauma.
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Figure 2.29. Ankle effusion. Lateral radiograph of the ankle in a
25-year-old male with chronic renal failure. Anterior to the ankle
joint is a moderate size effusion. When such a dense effusion is
noted, presence of hemarthrosis must be considered.
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Figure 2.30. Maisonneuve fracture. Mortise (A) and lateral (B) projections of the left ankle in a 54-year-old male show a transverse
fracture of medial malleolus (arrow 30A), extending to involve the posterior malleolus (arrow 30B). In this situation, especially if the
distal tibiofibular space is widened, views of the proximal tibia and fibula (C) are recommended to look for a proximal Maisonneuve
fracture of the fibula (arrow 30C).
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Figure 2.31. Lateral malleolus fracture. Mortise (A) and lateral (B) views of the left ankle show
a fracture line passing from superoposterior to anteroinferior on the lateral view (arrow), which
is difficult to see on the mortise view. This is a very common pattern of ankle fracture and
emphasizes the need to look carefully at the lateral view.

A B

Figure 2.32. Wide medial and syndesmotic clear spaces. AP (A) and mortise (B) views of the left
ankle in a 34-year-old male following a twisting injury. The ankle is incongruent, with the medial
aspect of the joint wider than the superior joint space (arrow), indicating a medial ligament
injury. In addition, the distal tibiofibular clear space is too wide. In this setting, views of the
proximal fibula are recommended to evaluate for a Maisonneuve fracture (see Fig. 2.30).
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Figure 2.33. Medial and posterior malleolar
fractures. AP (A), mortise (B), and lateral (C)
views of the right ankle in an 18-year-old male
show a medial malleolar fracture (arrow 33B)
that extends around to the posterior malleo-
lus (arrow 33C). Posterior malleolar fractures
appear on the AP and mortise views as an
inverted lucent line. On the lateral view, it is
important to discern whether the fracture is of
the lateral malleolus or posterior malleolus.
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Figure 2.34. Tibial plafond fracture. Sagital (A), coronal (B), and
3D reformations (C) of the distal tibia in a 35-year-old male fol-
lowing an all-terrain vehicle rollover accident. The tibial plafond
is grossly comminuted, and the fractures have a vertical configu-
ration compatible with a pilon-type fracture.
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Figure 2.35. Ankle dislocation. Lateral (A) and oblique (B) radiographs of the left foot/ankle in a 59-year-old
male show an open dislocation of the ankle, with gas seen within the joint (arrows).

A B

Figure 2.36. Ankle fracture-dislocation. Lateral (A) and oblique (B) radiographs of the right ankle show an ankle fracture-dislocation. On finding
an obvious fracture such as this, it is important not to stop looking for the less obvious fracture, in this case, the base of the fifth metatarsal (arrow
36A).
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Figure 2.37. Calcaneal fracture. Lateral (A) and axial (Harris-Beath) radiographs (B) of the left heel in a 26-
year-old male following a fall. The fracture of the anterior and medial calcaneus can be visualized on both views
(arrows), with the axial view showing involvement at the base of the sustentaculum talus.

A B C

Figure 2.38. Calcaneal fracture. Lateral (A) and axial (Harris-Beath) radiographs (B) and coronal oblique CT (C) in a 44-year-old male with a
calcaneal fracture following a fall. The lateral view is used to measure Boehler’s angle. A line is drawn from the superior margin of the posterior
tuberosity of the calcaneus, extending through the superior tip of the posterior facet (line 1), and another line from this later point, extending
through the superior tip of the anterior process (line 2). The angle made by the intersection of these lines should normally be between 20 and 40
degrees. When less than 20 degrees, this implies an intraarticular, impacted fracture. The axial view (B) and CT (C) clearly show the inverted Y
configuration of the fractures that is a common pattern and the involvement of the posterior subtalar joint.
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Figure 2.39. Avulsion fracture of base of fifth metatarsal. Oblique (A)
and lateral (B) radiographs of the right foot in a skeletally imma-
ture patient show the transverse fracture superimposed on the open
apophysis (arrow).

A

B

Figure 2.40. Dancer’s fracture. PA (A) and lateral (B) radiographs of
the right foot in a 46-year-old female show a spiral fracture of the distal
shaft of the fifth metatarsal, known as a dancer’s fracture (arrows).
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Figure 2.41. Jones fracture. PA (A) and lateral (B) radiographs of the right foot in
a 33-year-old male show an extraarticular fracture of the proximal fifth metatarsal,
known as a Jones fracture (arrows). Note that this fracture is distinctly different from
the more common avulsion fracture of the fifth metatarsal tuberosity (see Fig. 2.39).
Patients with the avulsion injury generally do well; however, the Jones fracture may
result in nonunion and require surgical repair.
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Figure 2.42. Metatarsal stress fracture. PA (A) and oblique coned down (B) radiographs of the left forefoot in a
48-year-old male show a fusiform periosteal reaction of the distal second metatarsal shaft/neck (arrows). This is
typical of a stress fracture, if a fracture line can be seen, or may be called a stress reaction if the fracture line is
not visualized. These may be very subtle and must be sought to be recognized.
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Figure 2.43. Lisfranc fracture subluxation. PA radiograph (A) of the right foot in a 23-
year-old male shows malalignment at the medial tarsometatarsal joints (arrowhead)
and a fracture at the base of the second metatarsal (arrow). As a rule, the medial side
of the second metatarsal should always line up with the medial side of the middle
cuneiform as illustrated (B).
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Figure 2.44. Lisfranc fracture subluxation. Three views of the foot of a 19-year-old male reveal another example
of a Lisfranc fracture subluxation. PA view (A) demonstrates the lack of normal alignment between the medial
margin of the second metatarsal with the medial margin of the middle cuneiform (arrow). Lateral projection (B)
reveals a slight dorsal displacement of the metatarsals on the cuneiforms (arrow). Oblique view (C) illustrates
the lack of normal alignment between the medial margin of the fourth metatarsal and the medial margin of the
cuboid (contrast with illustration in Fig. 2.43B).
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Figure 2.45. Soft tissue gas in an infected foot. PA (A) and lateral
(B) radiographs of the left foot in a 65-year-old diabetic male show
extensive gas within the soft tissues on the lateral side of the forefoot
(arrows). A careful inspection of the bones for ill-defined erosion is
needed to exclude osteomyelitis.
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Figure 2.46. Radiopaque foreign body. Radiographs of the right great
toe in a 13-year-old boy show a barbed fish hook in the dorsal soft
tissues.
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Figure 2.47. Radiolucent foreign body. Ultrasound of the dorsal
soft tissues of the foot reveal a wooden (radiolucent, not visible on
x-ray) foreign body between the markers (arrows). It is hyperechoic
(bright) on ultrasound and casts an acoustic shadow because so
much of the incident sound is reflected back by the body that little
passes through to the deeper tissues.

Figure 2.48. Osteomyelitis. Oblique coned
down radiograph of the lateral forefoot in a
33-year-old male with diabetes shows exten-
sive bony destruction of the fifth ray, cen-
tered at the metatarsal-phalangeal joint, and
periosteal reactions (arrows) of the fourth
and fifth metatarsal bones due to osteomyeli-
tis.

A B

Figure 2.49. Open fifth metatarsal
apophyseal growth plate. Oblique
(A) and lateral (B) radiographs of
the left foot in a skeletally immature
patient show the orientation of the
fifth metatarsal growth plate. Note how
this mimics a fifth metatarsal avulsion
fracture.
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Figure 2.50. Rheumatoid arthritis. PA radiographs of both feet in a 43-year-old female show typical changes of
rheumatoid arthritis. Note that the erosions of the metatarsal-phalangeal joints are symmetric.

A B

Figure 2.51. Gout. Oblique radiograph of the left foot (A) with a coned down view (B) of the first metatarsal-
phalangeal joint in a 53-year-old male with gout show eccentric soft tissue swelling (arrows) and well-defined
erosions with overhanging edges but relative preservation of joint space.
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Chest Radiograph

Peter DeBlieux and Lisa Mills

INDICATIONS

The chest radiograph (CXR) is the most commonly ordered plain
film in emergency medicine and has correspondingly broad indi-
cations. It is ordered to evaluate patients with chest pain, breath-
ing complaints, thorax trauma, fevers, and altered mental status.
Patients who complain of chest pain have a broad differential
diagnosis, and CXR is one of the first screening tests to be applied
in chest pain complaints. This study is relevant when cardiac or
pulmonary processes are suspected. CXR should be obtained
when patients are suspected of having an occult infectious pro-
cess, presenting with fever, altered mental status, or hypotension.
A screening CXR helps initially evaluate patients for thoracic
injury after thoracoabdominal trauma.

DIAGNOSTIC CAPABILITIES

CXR is useful to diagnose or identify primary cardiac and pul-
monary pathology, abnormal pleural processes, thoracic aortic
dilation, aspirated foreign bodies, and thoracic trauma. In car-
diac disease, the CXR reveals pulmonary edema, moderate to
large pericardial effusion, and cardiomegaly. CXR shows mul-
tiple primary pulmonary processes. It reveals infectious pro-
cesses, such as lobar pneumonia, tuberculosis, atypical pneu-
monia, empyema, and lung abscess. Pulmonary processes such
as pneumonitis, hyperaeration due to chronic obstructive pul-
monary disease (COPD) and asthma, and lung masses are evi-
dent on CXR. Pleural processes such as pleural thickening, pneu-
mothorax, hemothorax, and pleural effusions are also evident
on CXR. CXR is the first radiologic screening test for thoracic
aneurysm. The anteroposterior upright CXR shows 90% sensi-
tivity for thoracic aneurysm, when any abnormality is considered
a positive test (1). When there is suspicion for aspirated for-
eign body, a CXR can reveal the location of radiopaque foreign
bodies whether in the trachea, smaller airways, esophagus, or
stomach.

In thoracic trauma, CXR evaluates for multiple bony and
soft tissue injuries. CXR is the screening exam for thoracic aortic
injury, pulmonary contusion, pneumothorax, hemothorax, and
traumatic pericardial effusion. Skeletal injuries, including rib,
scapular, clavicular, shoulder, and sternal fractures and disloca-
tions, can be seen on CXR.

IMAGING PITFALLS/LIMITATIONS

The most significant limitation of CXR is obtaining a limited
number of studies. This is particularly true when only a supine
film is obtained. In supine films, small collections of pleural
fluid and small pneumothoraces are missed because these layer
out along the lungs, rather than at the base or apex of the lung.
The anteroposterior technique artificially enlarges the cardiome-
diastinal silhouette. Rib fractures, especially along the angle of
the ribs, are difficult to see on a standard two-view chest series.
Oblique views enhance the sensitivity of CXR for rib fractures.
CXR identifies lung masses, pleural lesions, air-space disease,
and hilar masses. However, the quality of these lesions is better
delineated by CT.

SYSTEMATIC APPROACH TO READING THE CXR

A consistent approach to the CXR improves detection of pathol-
ogy. These authors promote an alphabetical approach, A to F:

A = airway
B = bones
C = cardiomediastinum
D = diaphragms
E = everything else (pleura, soft tissue, visualized portions of

the abdomen)
F = lung fields

See the normal posteroanterior (PA) and lateral CXR for a
demonstration of this technique.
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CLINICAL IMAGES

A B

Figure 3.1. Normal PA and lateral. Airway: A good inspiratory film should reveal the diaphragm at the level of the eighth to tenth posterior ribs
or the fifth to sixth anterior ribs. The trachea should be visible in the midline of the thoracic cavity equidistant between the clavicular heads. In
the anteroposterior and posteroanterior views, the right paratracheal stripe is usually 2 to 3 mm wide, 5 mm being the upper limit of normal.
On a lateral CXR, the posterior tracheal wall should be less than 4 mm wide. The trachea should smoothly divide at the carina with both major
bronchi visible.

Bones: Examine the bones for lytic or blastic lesions, fractures, spinal alignment, and joint spaces. The thoracic spine should decrease in opacity
(brightness) as it is followed inferiorly (caudally). An area of increased opacity suggests an overlying density in the lung. This is termed the “spine
sign.”

Cardiomediastinum: Examine the mediastinum for size and deviation. The trachea and aorta course down the middle of the thoracic cavity
without significant deviation to either side. The aortic arch and knob should be visible. The widest diameter of the heart should be less than
50% of the widest diameter of the thoracic cavity, measured from the inner aspects of the ribs. Look for air lines to suggest pneumopericardium
or pneumomediastinum. The aortic knob is the first “bump” of the mediastinum, lying in the left hemithorax. The left pulmonary artery is
below the aortic knob separated by a small clear space called the “aortopulmonary window.” The right pulmonary artery is usually hidden from
visualization by the mediastinum. Behind the sternum, superior to the heart, is the anterior clear space. This should be the density of lung tissue.
Soft tissue density suggests infiltrate or mass.

Diaphragms: Follow the mediastinum to the diaphragms. Follow the diaphragms, looking for a smooth course to the costophrenic angles and
sharp costophrenic angles. Check for free air under the diaphragms. Both diaphragms should be seen in the lateral view, with the right diaphragm
usually higher than the left, with a gastric bubble below.

Everything else: Follow the pleural lines from the costophrenic angles to the apex and around the mediastinum back to the diaphragms.
Look for areas of thickening or separation from the chest wall. Check the visualized soft tissues for calcifications, mass effect, and air collections
(subcutaneous emphysema). Examine the visualized portion of the abdomen.

Lung fields: The right lung is approximately 55% of the intrathoracic volume. The left lung is 45%. If these ratios change, consider hyperinflation
or atelectasis in one hemithorax. Follow vascular patterns for signs of congestion or oligemia. Look for opacities and hyperlucent areas.
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A B

Figure 3.2. Normal lateral.

Figure 3.3. Normal supine. In the supine patient, the mediastinum is not stretched
toward the feet by gravity. The result is crowding of the mediastinal features, giving
the appearance of a larger mediastinum and larger transverse diameter of the cardiac
silhouette.
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A B

Figure 3.4. Normal anterosterior. This radiograph is usually taken as a portable study. The film cartridge is at the patient’s back, and the patient
is exposed from the front to the back. (This is the opposite of the PA, in which the patient faces the cartridge and the back is exposed first.) The
heart is artificially magnified, giving the appearance that the heart is larger than posterior structures. In addition, the structures in the thorax are
more crowded as the patient remains seated. This causes vascular crowding. These inherent findings should be kept in mind when interpreting
these films.

Figure 3.5. Normal apical. The apical view of the lungs focuses on the
lung apices. The patient is positioned so the clavicles and ribs are moved
away from the apices of the lung.

Figure 3.6. Normal infant. The normal infant has an enlarged cardio-
mediastinal silhouette due to the thymus extending into the thoracic
cavity.
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Figure 3.7. Normal pneumonia. When the alveoli fill with fluid, as in pneumonia, the contrast between tissue
and air-filled alveoli is lost, creating opacity in the lung field. An area of focal density can correlate with
pneumonia. However, opacities on CXR are nonspecific and should be correlated with the clinical picture.

Air-filled bronchi can contrast with the density of the fluid-filled alveoli, creating dark stripes through areas
of opacity. This is an air bronchogram (Fig. 3.7B, arrowheads).

When opacity exists in the right middle lobe or left lingula, it obscures the cardiac margin. The adjacent
diaphragm remains visible. This is called the “silhouette sign” (Fig. 3.7B, arrows) (2).

There is increased opacity of the last two thoracic vertebrae in the lung fields on this lateral radiograph.
This is the “spine sign” (Fig. 3.7D, arrows).

Atelectasis and infiltrative processes such as pneumonia can usually be distinguished by examining the
following features:

i. Volume: Atelectasis shows volume loss. Pneumonia shows normal or increased volume.
ii. Shifted structures: Atelectasis results in mediastinal and lung tissue shifting toward the side of the

atelectasis. Pneumonia generally does not cause any shifting of structures.
iii. Shape: Atelectasis is usually a linear or wedge-shaped density with the apex pointed toward the hilum.

Pneumonia is not linearly arranged and is not centered on the hilum.
iv. Air bronchograms can occur in both atelectasis and pneumonia.
v. Both infectious infiltrates and atelectasis respect anatomical divisions of the lung.
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Figure 3.8. Pediatric infiltrate. Pediatric infiltrates are most commonly
seen as a loss of the cardiac margin, the silhouette sign. This patient
shows loss of the margin apex of the heart (Fig. 3.8B, arrows). This is best
appreciated when the crisp margin of the right heart border is compared
to the heart apex.
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Figure 3.9. COPD. The loss of lung elasticity in COPD results in diffuse
hyperinflation of the lungs that creates larger lung fields. The diaphragms
flatten (Fig. 3.9B, arrows; Fig. 3.9D, arrows). There is increased AP diameter
due to rounding of the sternum and thoracic spine, causing a barrel chest
(Fig. 3.9D, arrowheads). The anterior clear (retrosternal) space is increased
above the normal 1:2 ratio of anterior clear space (solid double-headed
arrows) to heart (dashed double-headed arrows) (Fig. 3.9D). Bullae may be
visible. In smokers, upper lung fields are more affected than lower. The left
pulmonary trunk becomes visible as the heart is allowed to hang lower in
the thoracic cavity (Fig. 3.9B, arrowheads).
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Figure 3.10. Pulmonary edema. In pulmonary edema, the inter-
stitial pattern of increased fluid appears as a diffuse butterfly pat-
tern of increased interstitial marking and soft, fluffy lesions (Fig.
3.10A). Kerley B lines are horizontal lines representing fluid-filled
septae, extending away from the hila (Fig. 3.10B, arrow). They are
less than 2 cm long and usually found in the lower lung zones.
Effusions in the right horizontal fissure are common. Increased
vascular marking may be present (Fig. 3.10A).

A

B

Figure 3.11. Cardiomegaly. The widest diameter of the heart (Fig.
3.11B, solid arrow) should be less than 50% of the widest diameter
of the thoracic cavity (dashed arrow), measured from the inner aspects
of the ribs.
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Figure 3.12. Pneumothorax (Fig. 3.12). Air in the pleural space is seen as a black stripe without lung markings. Air will be located in
the most elevated portion of the chest. In the upright patient, the air is lateral and superior (Fig. 3.12A). The line of a pneumothorax
(Fig. 3.12B, arrowheads) can be confused with the scapular line (Fig. 3.12B, black arrows) and very subtle. An inverted color image
can help distinguish these lines (Fig. 3.12C and D).

A small pneumothorax in the supine patient may be seen along the mediastinum. In the supine patient with a larger pneumothorax,
the air may depress the diaphragm at the costophrenic angle, creating a “deep sulcus sign” (Fig. 3.12E and F, arrowhead). Subcutaneous
air can be a clue to the presence of a pneumothorax (Fig. 3.12, white arrows).

A tension pneumothorax pushes the mediastinum into the opposite hemithorax (Fig. 3.12G). The lung border is visible in the left
chest (Fig. 3.12H, white arrows). The left hemithorax is hyperinflated. The mediastinum is shifted into the right chest. (Continued )
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Figure 3.12. (Continued ) F–I.
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Figure 3.13. Tuberculosis. (A) Miliary. (B) Postprimary tubercu-
losis manifests as focal, patchy air-space disease, cavitations (Fig.
3.13B, arrowheads), fibrosis, pleural thickening, and calcification
of lymph nodes. These changes are most often seen in the upper
lobes and superior segments of the lower lobes.
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Figure 3.14. Pleural effusion/hemothorax. Pleural fluid creates increased density on CXR. A small amount of pleural fluid in the upright patient
will cause blunting of costophrenic angle. The lateral view can be more sensitive for small amounts of fluid (Fig. 3.14C and D). Increasingly larger
accumulations of fluid will track up the periphery of the lung, opacifying the encased lung tissue (Fig. 3.14B, arrows). In the supine patient, pleural
fluid creates a generalized increased haziness to the entire affected hemithorax, without a focal area of opacification (Fig. 3.14E). (Continued )
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Figure 3.14. (Continued ) Lateral decubitus.
i. The decubitus film is taken with the patient lying on one side. A right

decubitus film is taken with the patient lying on the right side (Fig.
3.14F), whereas the left decubitus film is taken with the patient lying
on the left side. The decubitus position allows for fluid to shift when
a pleural effusion is present, to reveal underlying structures.

ii. Classically, the decubitus film is taken with the affected side (side with
the effusion) down. In this position, the pleural fluid shifts laterally
(Fig. 3.14G, arrows), revealing the mediastinal structures.

iii. With the affected side up, one can see the periphery of the affected
hemithorax and loculated fluid (Fig. 3.14I). It is wise to have the
decubitus taken with the affected side down and up, so the medi-
astinum and the lung periphery can be visualized with the free-flowing
effusion.
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Figure 3.15. Intubation. The distal tip of the endotracheal tube (Fig. 3.15B, arrow) should be located 3 to 4 cm (Fig. 3.15B,
line) above the carina (Fig. 3.15B, arrowhead).

Figure 3.16. Chest tube. The chest tube can be visualized. Check
for resolution of the attendant process after placement of the chest
tube (e.g., resolution of the tension pneumothorax).

A B

Figure 3.17. Wide cardiomediastinal silhouette. There are no strict measurements to define a “normal” cardiomediastinal
silhouette. Cardiomediastinal silhouette widening is relative to the patient’s body habitus, positioning, and clinical picture. It
suggests a thoracic dilation from aneurysm or traumatic dissection.

Aortic dissection presents with a loss of the aortic knob (Fig. 3.17B, arrows). Look for a distinct aortic knob as an indicator
that the widening may be secondary to positioning.

Whenever possible, assess the mediastinum in an upright view (Fig. 3.17B, double arrow).
Look for deviation of other mediastinal structures as an indicator that the aorta is enlarged and displacing adjacent tissue.

An example is tracheal deviation into the right chest (Fig. 3.17A).
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Figure 3.18. Mass and nodule. Localize the area on the lateral film com-
pared to the PA view (Fig. 3.18A and C). Examine the mass for calcifica-
tions, quality of the border, and air-fluid levels to narrow the differential
diagnosis.

Fifty percent of nodules that are less than 3 cm in diameter are malig-
nant. The common etiologies of malignancy are bronchial adenoma, pri-
mary carcinoma, granuloma, hamartoma, and metastatic neoplasm. CXR
is not the diagnostic modality to rule out malignancy.

When there is a mass adjacent to a fissure, the fissure may be S shaped
(Fig. 3.18E, arrows). The proximal convexity is the distortion of the mass.
The distal concavity reflects atelectasis distal to the mass. This is called the
“S curve of golden.” (Continued )
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Figure 3.18. (Continued ) E–F

A B

Figure 3.19. Free air. The CXR is used to assess for free intraperitoneal air. Free air in the peritoneal cavity appears as a black stripe (free air)
between the dense tissue of the diaphragm and the underlying solid organ (spleen or liver) (Fig. 3.19B, arrows). The large, smooth surface area
of the liver creates an ideal window for free air. Do not mistake the rounded, encapsulated stomach bubble with free air.

Figure 3.20. PCP. Presentations of PCP on CXR can appear highly vari-
able, ranging from dense, multilobar infiltrates to apparently normal-
appearing radiographs. Typically, CXR reveals a diffuse, hazy infiltrate
involving all lung fields.
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Figure 3.21. Subcutaneous Emphysema. Air in the tissues around the
thoracic cavity is seen as dark areas, often tracking linearly along tissue
planes, interrupting the homogenously opaque appearance of normal
soft tissue. Subcutaneous emphysema in the patient with penetrating
thoracic trauma indicates communication of the intrathoracic cavity
with the extrathoracic space and resultant pneumothorax.

Figure 3.22. Pneumomediastinum. Air in the mediastinum (black
arrows) appears as lucencies along the mediastinum that extend into
the soft tissues of the neck (white arrows). The extension of the air
into the neck distinguishes pneumomediastinum from pneumoperi-
cardium.

Figure 3.23. Pulmonary contusion. Pulmonary contusions appear as
opacities on CXR that do not respect anatomical divisions of the lung.
Seventy percent of lung contusions are visible within 1 to 2 hours fol-
lowing thoracic trauma. Thirty percent of contusions do not appear for
6 to 8 hours following trauma (3).
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Figure 3.24. Scapular fracture. Scapular fractures are incidental, but
clinically important findings on the CXR of trauma patients. Forty-
three percent of scapular fractures are missed on supine film of trauma
patient (4).

Figure 3.25. Rib fx. Assess for rib fractures by following the smooth
lines of the ribs and watching for interruptions. A rib series is a more
sensitive view for rib fractures; however, because the differentiation
of rib fracture from contusion is not clinically significant, a rib series
is rarely a necessary test. The important process to rule out when rib
fractures are suspected, coincident pneumothorax and hemothorax.
Acute rib fractures appear as irregularities interrupting the smooth
lines of the ribs.
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Figure 3.26. Pulmonary embolism. A. The most common finding on
CXR in pulmonary embolism is a normal CXR. Nonspecific CXR findings
associated with pulmonary embolism are atelectasis, effusions, infiltrates,
oligemia, and an upward shifted diaphragm. This CXR lacks these findings
and is simply normal. Image courtesy of Michael Farner, MD. B. Wester-
markis sign is a dilation of pulmonary vascular proximal to the embolism
and oligemia distal to the embolism. Note the absence of lung markings
at the apices on this patient with massive bilateral PE. Image courtesy of
Michael Farner, MD. C. Hamptonis hump is a triangle-shaped opacity
seen at the pleural with the apex pointed toward the hilum. It is pften
seen at the costophrenic angle on the PA view and behind the diaphragm
on the lateral view. Image courtesy of Allen Cohen, MD. (Continued).
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Figure 3.26. (Continued ). D. Hamptons hump seen on PA and Lateral
views courtesy of Anthony Dean, MD. E. Hamptons hump outlined by
arrows courtesy of Anthony Dean, MD.



64 DeBlieux and Mills

REFERENCES

1. Klompas M: Does this patient have an acute thoracic aortic
dissection? JAMA 2002;287:2262–72.

2. Felson B, Felson H: Radiology 1950;55:363.

3. Kirsh MM, Sloan H: Blunt chest trauma. Boston: Little, Brown and
Company, 1977.

4. Harris RD, Harris JH Jr: The prevalence and significance of
missed scapular rx in blunt chest trauma. AJR Am J Roentgenol
1988;151(4):747–50.



4

Plain Film Evaluation of the Abdomen

Anthony J. Dean and Worth W. Everett

INDICATIONS

By far, the commonest indication for abdominal plain film radio-
graphy is abdominal pain. Other indications, as dictated by clini-
cal circumstances, might include vomiting, nonspecific abdomi-
nal complaints, history of trauma, or unexplained fever. Because
abdominal plain films provide specific information about only
a few diseases and give indirect or nonspecific clues about a
much larger number, the decision to order abdominal films
is subject to a variety of case- and location-specific consider-
ations. Mitigating factors that are case specific might include
patient age, altered mental status, distracting injuries, medica-
tions (especially steroids and other immunosuppressive agents),
and comorbid conditions (diabetes, other immunocompromis-
ing illnesses, or those predisposing to abdominal pathology).
Location-specific considerations include the availability of alter-
native tests such as CT, MRI, and ultrasound that are both more
sensitive and specific for many abdominal diseases. The avail-
ability of these modalities has a significant impact on the indi-
cations for, and utilization of, plain films. The use of these more
sophisticated imaging modalities is addressed elsewhere in this
text. However, in many cases, the more accurate and detailed
information they provide comes at the expense of delays and/or
the expenditure of personnel or financial resources. For this rea-
son, and because in many locations physicians evaluate abdom-
inal pain without rapid and easy access to advanced imaging, it
is still useful to be familiar with significant plain film findings
that might tailor the workup, direct supportive care, or mandate
surgical interventions that preempt further imaging.

DIAGNOSTIC CAPABILITIES

The Normal Plain Film

A single abdominal “flat plate” (also referred to as the “kidney-
ureter-bladder” [KUB]) can be used to identify many of the find-
ings discussed here. An upright film (or lateral decubitus, if the
patient is unable to cooperate) is a much more sensitive detec-
tor of free air. It provides complementary information about
the location and nature of abnormalities seen on the plain film,

especially the nature and location of air-fluid levels in the evalua-
tion of obstruction. An upright chest is included in a full abdom-
inal series because the diaphragms may not be included in a large
person’s upright abdominal film, and because many chest dis-
eases can present with abdominal complaints, and vice versa.

In examining an abdominal plain film, it is often helpful to
have a systematic approach because many findings are subtle and
easily overlooked. Bowel gas is invariably present in stomach and
rectum, usually present throughout the colon, and is found in
scattered pockets in the small bowel (which may be seen as a few
small air-fluid levels on the upright abdominal film). Small bowel
is distinguished from large bowel by its location (more central).
When it is abnormally distended and gas filled, the small bowel
can also be distinguished by the presence of valvulae conniventes
(also called “plicae circulares”); these traverse the entire bowel
and are closely spaced in contrast to the plicae semilunares of the
colon, which are widely spaced and give rise to the characteristic
haustral markings of that organ. Small bowel is normally less than
2.5 cm in diameter. The risk of complications from obstruction
(ischemia or perforation) significantly increase when the small
bowel exceeds 5 cm and the cecum (the part of the colon most
susceptible to perforation) exceeds 10 cm. Abnormal distribu-
tion or location of bowel gas (discussed later in the chapter) may
be a clue to a pathological process.

Between the lateral margin of the ascending and descending
colon and the inner wall of the abdominal wall musculature (the
transversalis fascia), a linear lucency created by the properitoneal
fat can be seen. This should be checked for uniform radiodensity,
well-defined margins, and symmetric thickness. Any retroperi-
toneal or peritoneal inflammation causing edema in this adipose
layer will cause it to become relatively radiopaque, leading to loss
of one or more of these radiographic features. In addition, the
medial wall of the flank stripe should directly abut the adjacent
bowel.

The solid visceral organs (spleen, liver, and kidneys) should
be evaluated for their location, size, external contour, and abnor-
mal densities/radiolucencies. The outline of the kidneys and
psoas muscles should be identified and compared side to side.
These structures create a “silhouette” similar to the heart and
diaphragm in the chest. The loss of this silhouette suggests an
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inflammatory process in that location. Abnormal collections of
gas (discussed later in the chapter) should be sought. Finally,
the spine should be evaluated because a unilateral inflamma-
tory process can cause local muscle spasm, leading to scoliosis
(concave) to the affected side.

Abnormal Plain Film Findings and Diagnosis

As noted, almost any abdominal complaint may be an indica-
tion for plain film radiography in certain circumstances. For that
reason, it is more useful to think of the differential diagnoses for
a particular patient and consider the way that plain film may or
may not be helpful in establishing or excluding those diagnoses.
Thus, the following discussion is broken into those diagnoses
that are expected to give rise to fairly reliable findings on plain
film; those for which nonspecific findings are common, but spe-
cific findings frequently unreliable; and those for which there
are almost no indications for plain film. In almost all abdominal
disease processes, plain film is insufficiently sensitive to exclude
disease when the pretest clinical suspicion is high. In such cir-
cumstances, further imaging, usually with CT, will be needed.

Indications for Which Plain Films
Often Give Specific Information

Perforated Viscus
An upright chest or abdominal radiograph should include

the diaphragms, which should be checked for abnormal sub-
phrenic radiolucencies. Small volumes of free air tend to be hor-
izontal and slit like in contrast to bowel gas, which usually has a
rounder shape. Occasionally, a small stomach bubble can be mis-
taken for free air, but should be distinguishable by the presence
of an air-fluid level on a true horizontal beam film. Chilaiditi’s
anomaly – loops of bowel interposed between the liver and the
right diaphragm – can usually be identified by the presence of
haustral colonic markings.

Patients who are unable to cooperate for an upright film
can be placed in the left decubitus position, and the film is
inspected for a slitlike lucency between the liver and flank stripe.
For patients unable to attain decubitus positioning, free air is
more difficult to detect in a supine KUB projection. Findings
that have been described in this view include Rigler’s sign (air
outlining both sides of the bowel wall), the right upper quadrant
sign (air outlining the liver), the falciform ligament and umbil-
ical artery (also known as “inverted V”) signs, and the football
sign (a centrally located ovoid lucency).

For optimal horizontal beam images, radiographic protocols
call for the patient to be positioned (erect or decubitus) for at
least 4 min prior to exposure of the film. Such conditions are
seldom realized in the ED. Even under ideal conditions, small
volumes of free air may not be evident on plain film, so if there
is a high index of suspicion, a CT should be obtained.

Obstruction versus Ileus
Mechanical bowel obstruction can be classified as complete

or incomplete, by location (large vs. small bowel), or by cause.
Ileus may be localized or generalized. Both bowel obstruction
and ileus are dynamic processes, and therefore, findings will vary,
depending on when the radiographs are obtained as well as the
cause and location of the pathological process. The radiographic
findings of generalized ileus and mechanical obstruction may
overlap, but obstruction can be generally distinguished based on
clinical features and, radiographically, by the absence of bowel
gas distal to an obstruction. This is in contrast to an ileus that

demonstrates a diffusely distended gas-filled GI tract, includ-
ing the rectum. Another frequent, but not invariable feature of
obstruction is that air-fluid levels in adjacent loops of bowel on
an upright film are characteristically at different levels (“step lad-
dering” due to the hyperactive peristalsis seen in obstruction),
in contrast to those of ileus, which typically are not. This finding
will be lost in advanced obstruction when the bowel develops a
secondary ileus from the metabolic and mechanical insult of the
obstruction.

The most common cause of generalized ileus is abdominal
surgery, but in the ED is more likely to be seen in the context of
a severe abdominal (e.g., mesenteric ischemia), retroperitoneal
(e.g., vascular catastrophe, ureteral colic), or systemic (e.g., sep-
sis, shock) illness. With generalized ileus, all parts of the abdom-
inal GI tract from the stomach to rectum are gas filled and
distended.

Localized ileus (“sentinel loop”) is caused by a focal inflam-
matory process in the vicinity of one or more bowel loops that
appear gas filled and distended. The location of the sentinel loop
may offer a clue as to the cause, but is not reliable. Classically,
localized ileus in the right upper quadrant suggests cholecystitis;
in the right lower quadrant, appendicitis; in the left upper quad-
rant, pancreatitis or peptic ulcer; and in the left lower quadrant,
diverticulitis.

Complete mechanical obstruction results in distended loops
of bowel to a certain point, beyond which there is an abnormal
paucity or absence of bowel gas. Small bowel obstructions are
most commonly caused by postoperative adhesions (accounting
for >50%), hernias, neoplasia, and inflammatory bowel disease.
The bowel is usually distended with gas, but can sometimes con-
tain fluid and a paucity of gas, resulting in a failure to recognize
the diagnosis. With careful inspection, the distended fluid-filled
loops can usually be made out, with small bubbles of gas forming
characteristic linear patterns between the valvulae conniventes
(on both flat plate and upright films). This is described as the
“string of pearls” sign.

Large bowel obstruction can be caused by neoplasia, volvu-
lus, fecal impaction, inflammatory bowel disease, and intussus-
ception. Pseudoobstruction (also known as Ogilvie syndrome,
which is defined as clinical obstruction in the absence of a
mechanical cause) and toxic megacolon are forms of focal large
bowel ileus. Distal large bowel obstruction, especially sigmoid
(usually due to cancer or volvulus), may be confused with gener-
alized ileus if the ileocecal valve is incompetent (allowing retro-
grade distension of the small bowel), but can usually be distin-
guished by absence of rectal gas. Partial obstruction allows the
passage of some gas so its appearance may mimic that of localized
ileus or early complete obstruction. The etiology of obstruction,
with the exception of volvulus, is not usually apparent on plain
film. Examples of volvulus are presented later in the chapter. If
intussusception or neoplasm are suspected causes of obstruction,
a soft tissue mass should be sought.

Indications for Which Plain Films Often Give
Nonspecific Information, but Rarely
Give Specific Information

Solid Organs
Splenic enlargement due to trauma or medical disease may

be suggested by displacement of the splenic flexure, gastric bub-
ble, or left kidney. Linear radiolucencies in the liver indicate
gas in the biliary or portal systems. This finding associated
with small bowel obstruction suggests gallstone ileus (with the
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offending radiolucent gallstone often impacted at the ileocecal
valve). Densities and/or radiolucencies in the region of the gall-
bladder may be identified, and represent gallstones, porcelain
gallbladder, and/or emphysematous cholecystitis, respectively.
Stippled pancreatic calcifications may be seen and suggest recur-
rent or chronic pancreatitis. Their significance in the acute set-
ting will need to be determined clinically. Occasionally, urinary
retention overlooked on physical exam will be suggested by a
large midline soft tissue mass arising from the pelvis.

Gastrointestinal Tract Pathology
Bowel pathology giving rise to obstruction has been dis-

cussed previously. Appendicitis can be suggested by a sentinel
loop, loss of psoas or flank stripe shadows, scoliosis, the presence
of an appendicolith, abnormal absence of gas in the ascending
colon (“colon cut-off”), or the presence of a soft tissue mass
(with or without abnormal gas collections in the case of perfora-
tion). Contiguous loops of bowel should be sought on the plain
films to identify bowel wall thickening and pneumatosis intesti-
nalis, although the absence of these findings does not rule them
out. Diseases that may give rise to bowel wall thickening include
inflammatory bowel disease, colitis, diverticulitis, and ischemia.
Pneumatosis can be caused by prolonged or severe obstruction,
ischemia, infarction, or infection (e.g., arising from diverticulitis
or colitis). Although mesenteric ischemia may give rise to these
findings, in most cases it does not. However, plain films are usu-
ally indicated because other diagnoses identifiable on plain film
may also be under active consideration in this clinical setting.

Abnormal Fluid Collections and Soft Tissue Masses
Free peritoneal fluid may be identified by loss of the psoas

and/or renal shadows, or displacement of the lateral walls of the
ascending and descending colon from the flank stripes. The most
common cause is ascites, but others, usually suggested by the clin-
ical context, include blood, urine, bile, and cerebrospinal fluid.
Inflammatory free fluid collections (e.g., in spontaneous bacte-
rial peritonitis or associated with dead gut) might be suggested
by obscuration of the flank stripe. Any soft tissue mass (e.g.,
splenomegaly, pseudocyst, renal tumor) may be suggested by
abnormal displacement of the normal bowel gas pattern. Inflam-
matory masses (e.g., abscesses, acute pancreatitis), in addition
to these, may also demonstrate sentinel loops, colon cut-off, or
extraintestinal gas collections.

Retroperitoneal Processes
Retroperitoneal inflammation or injury (e.g., due to acute

pancreatitis or hemorrhage from an acute aortic aneurysm or
renal trauma) may give rise to loss of the normal kidney or psoas
shadows. It may also cause thickening, increased radiodensity, or
obscuration of the flank stripe because the fascial planes contain-
ing the properitoneal fat are continuous with the retroperitoneal
compartments containing these organs.

Other Findings
A variety of abnormal radiodensities can be encountered on

plain films. Most are due to abnormal calcifications within the

soft tissues, although they can also be caused by foreign bodies,
surgical clips, pills, or intramuscular injections. They can often
be identified by location or morphology. Vascular calcifications
may have a railroad track appearance, although the splenic and
hepatic arteries can become remarkably tortuous. Aneurysms
of any of these vessels can be seen. Gallstones often have a del-
icate lamellar appearance, whereas staghorn renal calculi have
grotesque shapes. These and the diffuse stippling of nephrocal-
cinosis appear in characteristic locations.

The ureters run from the renal hilum crossing into the pelvic
inlet medial to the sacroiliac joint. They cross the greater sci-
atic notch (visible on plain film) on the sidewalls of the pelvis
before passing medially to the bladder. Ureteral stones tend to
have an irregular radiodensity and outline in contrast to phle-
boliths that usually have smooth corticated margins and often
a central lucency. Calculi originating from the kidney are often
radiopaque and typically (80%–85%) composed of combina-
tions of calcium oxalate and calcium phosphate. Stone forma-
tion occurs from precipitation of supersaturated urine and starts
in the kidney. The calculi then migrate from the kidney down
the ureter to the bladder. Sizes can vary from <1 mm to >1
cm. More than 90% of urinary stones are radiopaque. (Uric
acid and cystine stones are radiolucent.) Ureteral stones tend to
become impacted at sites where the ureter is anatomically nar-
rowed or compressed. Common sites include the ureteropelvic
junction (where the ureter crosses the common iliac artery and
passes into the pelvis) and the ureterovesicular junction (UVJ).
The latter is the most common location for impaction. Stones
that have passed through the UVJ can sometimes be seen in the
bladder, but this is separate and distinct from a true bladder
stone. The small size of most stones (<5 mm) makes them diffi-
cult to identify reliably. If available, noncontrast CT is superior
to plain abdominal imaging for the identification of suspected
ureteral calculi. Information about renal function is provided by
contrast CT and intravenous pyelography, but not plain radio-
graphs or noncontrast CT. Bladder stones and fibroid calcifi-
cations have a characteristic appearance, and can become very
large.

Skeletal structures are inspected for mineralization (focal or
diffuse abnormalities), trabecular structure, compression, and
fractures. Joints are inspected for alignment and evidence of
degenerative or inflammatory processes.

Indications for Which Plain Films Are Usually Not
Indicated in the Evaluation of the Abdomen

Plain films are rarely indicated in the evaluation of gastrointesti-
nal hemorrhage or gastroenteritis.

IMAGING PITFALLS/LIMITATIONS

As noted, the most common pitfall would be in using abdominal
plain films to exclude a diagnosis for which there was high clinical
suspicion. Plain films can almost never definitively exclude any
of the many diagnoses that they frequently rule in.
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CLINICAL IMAGES

Normal Flat Plate and Upright Abdomen

The flat plate shows a nonspecific bowel gas pattern with typical
distribution and location of colonic gas from cecum to rectum.
A loop (∗) of indeterminate type is confirmed as small bowel on
the upright film by the presence of plicae circulares traversing the
bowel lumen. The gastric bubble is absent in this patient who has

A1 A2

Figure 4.1A1 and A2. Abdominal flat plate.

B
Figure 4.1B. Upright plain film.

had bariatric surgery (clips seen in the left upper quadrant). The
shadows of the liver and spleen can be seen (black arrows on the
right and left, respectively) medial to clearly defined, symmetric
flank stripes. The spleen is either abnormally large or inferi-
orly displaced. The psoas shadows are indicated by white arrows.
The kidney shadows are not seen in this patient. Smooth homo-
geneous fecaliths are seen in the pelvis. The vertebral column,
sacrum, pelves, hips, and articulations appear normal.
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Free Air

A patient with an expressive aphasia presents with weakness 17
days after an admission in which the cause of anemia was iden-
tified as a peptic ulcer found via esophagogastroduodenoscopy.
Since discharge, the patient has been eating very little and not
feeling well. He indicates mild abdominal pain and tenderness.
There are no peritoneal signs. The initial chest film was done
supine and did not reveal any abnormalities. Two hours later, a
flat plate was obtained with an upright chest that showed free
air under the left diaphragm (Fig. 4.2.A). The free air on the

A
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Figure 4.2. Free air

flat plate (Fig. 4.2.B1 and B2) is not nearly so obvious, but the
film demonstrates several of the signs seen on KUB (see “Abnor-
mal Plain Film Findings and Diagnosis” section). There is an
inverted V sign (large black arrows), the suggestion of Rigler’s
sign (small black arrows), and the “football sign” (white arrow-
heads), and the lateral side of the ascending colon seems to be
displaced from the flank stripe (∗). The prominent soft tissue
density in the right flank is probably a skin fold because it can
be seen continuing above the diaphragm (small white arrows).
The patient was transfused for his hemoglobin of 5 and taken to
the operating room.
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Ileus

A 28-year-old presents with abdominal pain, nausea, vomiting,
diarrhea, and fever for several days. He has a history of appen-
dicitis. He has been passing flatus. An obstruction series shows a
normal upright chest film. The flat plate and upright abdominal
films are shown (Fig. 4.3.A and B). Both films show gas through
the small bowel (above small white arrows) and colon down to
the rectum. In contrast to the usual findings on obstruction, in

A1 A2
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Figure 4.3. Ileus.

ileus, the loops of bowel on the upright do not show step ladder-
ing of their air-fluid levels (Fig. 4.3.B2, above white arrows). This
study demonstrates several normal soft tissue shadows, including
bilateral well-demarcated flank stripes of homogeneous density
(between black arrows), psoas shadows (Fig. 4.3.A2, white arrow-
heads), and the liver margin (Fig. 4.3.B2, white arrowheads). The
radiographic findings of ileus can be seen in gastroenteritis, as
in this case.



Plain Film Evaluation of the Abdomen 71

Small Bowel Obstruction

A patient presents 2 days after takedown of a diverting colostomy.
He has nausea, vomiting, and the absence of flatus. The flat plate
(Fig. 4.4.A1 and A2) shows multiple loops of small bowel with
the valvulae conniventes traversing the small bowel. Occasional
loops, by appearance and location, might appear to be colon
(Fig. 4.4.A2, black arrows). However, the upright film (Fig. 4.4.B)
reveals these also to be loops of small bowel. The upright film also
shows marked step laddering of the air-fluid levels within single

A1 A2

B1 B2

Figure 4.4. Small bowel obstruction (Continued ).

loops of bowel (Fig. 4.4.B2, pairs of white arrows on left and right
sides). This suggests vigorous peristalsis, consistent with early
obstruction (compare Fig. 4.3.B). A small gastric bubble above
the soft tissue shadow of the stomach distended with fluid can
be seen on the upright (Fig. 4.4.B2, white arrowheads). Another
case of small bowel obstruction is shown in Fig. 4.4.C (flat plate)
and 5D (erect). The small bowel shows characteristic markings
and is very distended. There is a striking paucity of gas in the
colon.
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C D

Figure 4.4. (Continued ).

Sentinel Loop with Appendicitis

A patient presents with 12 h of anorexia, fever, and right lower
quadrant pain and tenderness. This film shows an appendicolith
(arrow) and a loop of distended bowel (∗) with an air-fluid level.

In this limited film, it is not possible to determine whether the
loop is cecum or small bowel. There is a suggestion of scoliosis
due to spasm of the right-sided lumbar muscles.

A1 A2

Figure 4.5. Sentinel loop with appendicitis.
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Cecal volvulus. A volvulus is a twisting of the intestines
around the anchoring mesentery. Cecal volvulus typically occurs
in younger patients than sigmoid volvulus, which is primarily a
condition of the elderly. Cecal volvulus involves the cecum and
a portion of the ascending colon and gives rise to a loop of

A1 A2

B

Figure 4.6. Cecal volvulus.

distended bowel in the form of a reversed “C”, filling the central
abdomen and left upper quadrant. The white arrows outline the
dilated cecal loop, which forms a “kidney bean” shape. Notice
the thickened bowel wall of this loop, as well as the proximal
small bowel obstruction.
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Sigmoid volvulus is more common than cecal volvulus. It
occurs due to the loose mesenteric attachment of the sigmoid
colon. Patients are usually elderly, have abdominal pain and dis-
tention, and have no history of bowel movements or passage of
flatus. Supine and decubitus views show a massively dilated sig-
moid colon forming an inverted “U” arising from the left side of
the pelvis and directed to the right upper quadrant. In the pelvis,
the twisted end(s) of the closed loop of bowel are often seen to

A1 A2

B
Figure 4.7. Sigmoid volvulus.

taper down to a fine point, described as a “bird’s beak” (not seen
on these images). The adjacent walls of edematous bowel and/or
mesentery create the characteristic central “stripe” (asterisks).
The haustral markings identify this as large bowel (white arrows).
The decubitus view demonstrates the air-fluid layer consistent
with a closed loop obstruction (narrow black arrows). Note the
overlapping bowel (white star) that could be mistaken for free air.
Many phleboliths with characteristic central lucencies are seen.
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Large bowel obstruction. There is a dilated loop of ascend-
ing colon (small white arrows), and there is air in the descend-
ing and sigmoid colon (black asterisk), but none in the rectum.
The markings of the superimposed small bowel can also be
seen (black arrows), indicating an incompetent ileocecal valve.
These findings are highly suspicious for an obstructing sigmoid
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Figure 4.8. Large bowel obstruction.

carcinoma, which could be sought by CT with rectal contrast
or proctoscopy. Colonic tumors are the most common cause
of large bowel obstructions. However, radiographic findings on
plain abdominal films are nonspecific. An upright or decubi-
tus image may reveal air-fluid levels but would not identify the
underlying cause of the obstruction.
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Large bowel obstruction. This elderly patient presented to
the ED three times with abdominal pain. He was diagnosed
with constipation at the first visit and with urinary retention
at the second visit. On the third visit, he was not passing fla-
tus, and this upright film was obtained. This flat plate does not
definitively demonstrate the absence of rectal air, so the diagnosis

A1 A2

Figure 4.9. Large bowel obstruction.

is “large bowel obstruction versus Ogilvie syndrome” (see next
case). The dilated ascending/transverse colon (stars), the splenic
flexure (small arrows), and the descending colon (large arrows)
are typical findings. In an older patient, constipation is always a
diagnosis of exclusion.
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Toxic megacolon should be considered in patients with
ulcerative colitis presenting with diarrhea, fever, prostration,
abdominal pain, and distension. It is also seen in patients
with Crohn disease or other severe forms of colitis. It usu-
ally involves the entire large bowel, although the dilatation
of the transverse colon is most striking on a supine radio-
graph. There is no consensus regarding a diagnostic colonic
diameter for this condition; however, a diameter >6 cm
is concerning, and one >10 cm puts the patient at high
risk for perforation. The characteristic bowel wall pathol-
ogy of ulcerative colitis consisting of areas of ulceration and
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Figure 4.10. Toxic megacolon.

intervening segments of inflammation and edema, with or with-
out pseudopolyps, can be inferred from luminal irregularities
known as “thumbprinting.” The plain films in this case (4.10A)
demonstrate a portion of the large bowel that is edematous
and dilated (large white arrows). Other loops of bowel demon-
strate effacement of normal bowel markings (thin white arrows),
marked thickening (white arrowheads), and “thumbprinting”
(black arrows). The close-up images (4.10B) show an impressive
area of bowel edema, resembling a thumbprint smudge (small
white arrows), as well as bowel wall crowding that forms a dense
stripe (star).
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Pseudoobstruction (Ogilvie syndrome)

Pseudoobstruction, also known as Ogilvie syndrome, is a mimic
of large bowel obstruction. This condition is usually found
among elderly patients and those with chronic illnesses, laxative
abuse, and/or prolonged immobility, which results in markedly
slowed colonic transit time that can progress to bowel atony.
A portion of the intestine, most commonly, the lower colonic
segment, is dilated and has mixed air and fecal contents with-
out air-fluid levels. The films shown in Figure 4.11.A and B are
those of a patient who presented from a nursing home with fever
and change in mental status. The patient had a benign abdomi-
nal exam without guarding or rebound, but did have decreased
bowel sounds. This single abdominal image demonstrates several
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B

Figure 4.11. Pseudoobstruction (Ogilvie syndrome).

findings: a number of dilated loops of large bowel (asterisks), a
Greenfield filter (arrow), and the lack of air-fluid layers or free air.
Although this single image is not diagnostic, the clinical presen-
tation is suggestive of a pseudoobstruction. Figure 4.11.B shows
the plain film of an elderly patient presenting with low back pain
and a history of no bowel movements in 6 days. Plain abdomi-
nal imaging shows diffuse small and large bowel dilation and an
apparent absence of gas in the rectum. However, CT revealed no
obstruction, strictures, or masses, and the patient did well with
nasogastric tube decompression, bowel rest, and gentle hydra-
tion. Pseudoobstruction is a diagnosis of exclusion that can rarely
be reached in the ED. Its consideration should prompt advanced
imaging and a surgical consult.
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Figure 4.12. Chilaiditi finding.

Chilaiditi Finding

Loops of bowel seen between the liver and diaphragm were first
described by this Greek radiologist in 1910. They may give the

impression of free air, but careful inspection reveals bowel mark-
ings as seen in this example. The finding is usually of no clinical
significance.

Pneumatosis Intestinalis

A patient arrives from the nursing home, septic, with an acute
abdomen. This plain film reveals multiple areas of pneumato-
sis (Fig. 4.13A2, arrows). At surgery, she was found to have
ischemic and necrotic areas of bowel. Pneumatosis is a poten-
tially severe pathological finding associated with any necrotizing
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Figure 4.13. Pneumatosis intestinalis.

process, bowel obstruction, intestinal infections, inflammatory
bowel disease, and immunosuppression. It can also be a benign
process associated with severe chronic obstructive pulmonary
disease, as well as primary (benign) finding in up to 15% of
cases, although such a diagnosis would be unlikely to be made
in the course of a typical ED evaluation.



80 Dean and Everett

Retroperitoneal Air

While demonstrating acrobatic tricks with a broom 45 minutes
ago, a young healthy patient landed on the point of the handle.
He complains of severe rectal pain. The plain film (Fig. 4.14.A)
shows areas of pelvic (white arrows) and lumbar (black arrows,
also seen in 4.14.B2) retroperitoneal air. Air is also seen in the
left flank stripe (Fig. 4.14.A2 and B2, arrowheads). Because of
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Figure 4.14. Retroperitoneal air.

the bizarre mechanism and the patient’s comfortable condition,
doubt was expressed by the consulting surgeons as to the accuracy
of the finding. To confirm it, and to exclude intraperitoneal free
air, a decubitus film (Fig. 4.14.B) was obtained. It demonstrates
the same findings without migration of the air. At surgery, the
patient was found to have a rectal perforation extending into the
extraperitoneal fascial planes of the pelvis.
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Uterine Fibroid Calcifications

This close-up of the pelvis shows numerous irregularly shaped
clustered calcifications. Their widespread location and the lack
of smooth borders differentiate them from bladder, ureteral, or
renal stones. Uterine fibroids can often be palpated on exami-
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CFigure 4.15. Uterine fibroid calcifications.

nation of the lower abdomen, but many are not calcified. Their
identity can easily be established by bedside ultrasonography.
Figure 4.15.C is a reconstructed abdominal CT scout film show-
ing another case of multiple calcified fibroids extending out of
the pelvis.
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Renal stone. This patient presented with hematuria and left
flank pain. She had had several previous episodes of “kidney
infection,” which were resolved with antibiotics. The supine
abdominal film demonstrates a normal bowel gas pattern with
an abnormal density in the left upper quadrant (long arrow). The
outline of the right kidney (short arrows) is seen, while that of
the left is not, suggesting that either urinoma (if obstructed) or
inflammation of the kidney is obscuring its margins. The single
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Figure 4.16. Renal stone.

CT image shows the calcific density located in the inferior pole
of the left kidney without hydronephrosis. Most renal stones do
not cause hydronephrosis because they are too large to enter the
ureter to obstruct it (although this one would be small enough
to do so). Renal stones can become extremely large with bizarre
shapes leading to the term “staghorn calculus” (see the next case).
They should be suspected in patients with recurrent urinary tract
infections, despite appropriate antibiotic therapy.
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Staghorn calculus. This supine image demonstrates marked
dilation of the right intrarenal collecting system (star) due to
the presence of a large staghorn calculus. The location of the
kidney is normally just lateral to the psoas shadow. This image
nicely demonstrates the left psoas shadow (large arrows), but
the right psoas shadow is difficult to see. The right side cal-
cifications fill the collecting system and therefore confirm the
location of these calcifications as being intrarenal. The midline
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Figure 4.17. Staghorn calculus.

calcification (small arrows) represents a horseshoe configura-
tion of the kidney. Staghorn calculi are usually composed of
struvite: a combination of magnesium (rendering them
radiopaque), ammonium, and phosphate. They are classified as
infection stones because they are associated with urea-splitting
organisms, including Proteus, Pseudomonas, Providencia, Kleb-
siella, Staphylococci, and Mycoplasma.
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Ureteral Stone

Small densities along the tract of the ureter may represent a
ureteral stone (4.18A2 arrows). The position of this calcification
is along the path of the distal ureter. However, plain radiogra-
phy is not considered sufficient because most ureteral stones,
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Figure 4.18. Ureteral stone.

although radiopaque, are too small to be identified on plain film
and/or cannot be distinguished from other calcifications, spinal
structures, and intestinal artifacts. Another case, demonstrat-
ing the difficulty of identifying ureteral stones on plain film, is
shown in Figure 4.18B (arrow). This stone was not identified with
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certainty, but was confirmed by CT (Fig. 4.18C). The course of
the ureter is demonstrated by the ureteral stent shown in Figure
4.18D. Some consider that the combination of plain film, which
reliably identifies “significant” stones (>5 mm), and ultrasound

C D

Figure 4.18. (Continued ).

to identify hydronephrosis constitutes an adequate ED evalu-
ation since initial management of all but the largest stones is
expectant anyway.
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Bladder stone. The rounded opaque structure located in the
low pelvis is a bladder stone. This can be differentiated from
contrast material in the bladder because there is no enhance-

Figure 4.19. Bladder stone.

ment of the kidneys or ureters and the structure is small with
well-delineated, smooth margins representative of a discrete
stone.
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Pancreatic calcifications. This image shows the character-
istic stippling of pancreatic calcifications. They extend from the
right upper quadrant, across the midline to the left upper quad-

rant (arrows). They reflect recurrent episodes of inflammation.
The patient’s complaints and clinical condition will determine
the significance of this finding.
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Figure 4.20. Pancreatic calcifications.
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Porcelain gallbladder. The spherical-shaped structure in the
right upper quadrant is the calcified “shell” of the gallbladder.
The close-up shows the presence of fine densities within the
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Figure 4.21. Porcelain gallbladder.

gallbladder as well. A follow-up study and surgical consultation
should be obtained because patients will often require cholecys-
tectomy.
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Vascular Calcifications

Figures 22.A and B show a large splenic artery aneurysm, which
was an unexpected finding on the lumbosacral series obtained in
a patient complaining of low back pain. The patient’s symptoms
did not seem to be related to the finding, but in view of its large
size, a CT was recommended to assess for evidence of leakage or
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Figure 4.22. Vascular calcifications.

surrounding inflammation. The patient eloped prior to perfor-
mance of the study. Atheromatous calcifications are frequently
seen on abdominal films. Figure 4.22.C shows the calcifications
of a tortuous splenic artery (long arrow) as well as the descending
aorta in the chest (arrowheads). Several examples of calcifications
of the abdominal aorta are shown in Chapter 11.
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Feeding Tube Replacement

Emergency physicians are frequently called on to replace feed-
ing tubes. This procedure is usually followed by a contrast
exam to confirm placement. Figure 4.23.A shows a jejunos-
tomy tube in the appropriate location: the dye can be seen
to outline the characteristic multiple small jejunal mucosal
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Figure 4.23. Feeding tube replacement.

folds. A contrast study done on another patient (Fig. 4.23.B)
shows a blush of contrast around the liver (white arrow-
heads) and outlining the diaphragm (black arrows). The patient
has recently had an intravenous pyelogram, so there is con-
trast in the renal collecting systems (white arrows) and in the
bladder.
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Plain Radiography of the Cervical Spine

J. Christian Fox and Eric Fox Silman

OVERVIEW AND CAPABILITIES

By conservative estimates, more than 1 million patients present to
U.S. EDs each year with potential cervical spine (C-spine) injury,
prompting approximately 800,000 C-spine radiographs. Injuries
occur most often in motor vehicle crashes (MVCs), during sports
and recreational activities, and with falls.

Throughout the years, clinical observational and biophysi-
cal laboratory studies have reinforced the idea that patterns of
C-spine injury can be closely correlated with mechanism of
injury (MOI; e.g., hyperflexion, rotation, axial compression),
and thus, most modern texts classify the injuries into categories
based on MOI. This can aid the emergency physician or radiol-
ogist in interpreting the radiographs or support the decision for
further evaluation in cases of ambiguous or negative results in
the setting of a significant MOI.

In blunt trauma, C5 through C7 are the most commonly
injured vertebrae, followed closely by C2. This applies to both
fractures and dislocations or subluxations caused by soft tissue
compromise (1). It is important to bear in mind that up to 25%
of patients with one C-spine injury have multiple injuries, (2) so
identification of a stable or clinically unimportant injury should
not preclude the possibility of a more severe one.

Questions of who should be imaged, to what extent, and with
which modality have been proposed and studied thoroughly in
the past decade. Despite such discussion, in all patients with signs
and symptoms referable to the cervical vertebrae or adjacent soft
tissue, the plain film remains the “first step” in screening for bony
or ligamentous injury in most patients due to its rapid turna-
round and low cost.

The current practice is to obtain three-view series of the
cervical spine, including anteroposterior (AP), lateral and open-
mouth odontoid views for most patients. This series has been
proven more sensitive than a single cross-table view and should
be performed in stable patients to evaluate the cervical spine
(3). An adequate AP film should clearly show all vertebrae from
C3 to C7, including vertebral bodies, interbody spaces, spinous
processes, and the relatively radiolucent tracheal air column. The
upper cervical spine and cervicocranium are not reliably imaged
in the AP film. An adequate lateral film should show all levels

from the occipitoatlantal joint to the cervicothoracic junction,
with the C7-T1 articulation of particular importance. If inferior
traction on the arms does not provide adequate cervicothoracic
junction visibility, a “Swimmer’s view” may be obtained. The
vertebral bodies, interbody spaces, transverse processes, articu-
lar masses with interfacet joints, laminae, and spinous processes
should all be visible on the lateral view. The open-mouth odon-
toid view should show the articulation of the lateral masses of
C1 and C2 and the entire dens.

Flexion and extension views are not commonly obtained as
part of the initial screening panel, and indeed have been shown
to be less useful in the acute setting when muscle spasm, pain,
or spinal instability precludes adequate positioning. However, in
patients with negative plain film and CT examinations who con-
tinue to have pain, these views can be a useful follow-up study
to detect ligamentous injury. Radiographic signs of anterior or
posterior translation, interspinous “fanning,” or widened disc
spaces can reveal injuries to the various ligamentous complexes
and indicate the need for continued immobilization or support
(4). Rarely used, supine oblique views allow visualization of inter-
vertebral foraminae, but have not been shown to add to initial
diagnostic sensitivity (5). In situations of patient instability or
emergent surgical intervention, a cross-table view may be sub-
stituted for the traditional series, but C-spine imaging should
never delay definitive intervention for life-threatening trauma.

C-spine or neck radiographs are often useful in evaluating
nontraumatic conditions commonly presenting to the ED. For
spine or neck pain in the presence of radiculopathy or myelopa-
thy, the standard three-view examination may be used. In addi-
tion, if radiculopathy is present, oblique views allow visualization
of intervertebral foraminae and may be employed. With clini-
cal suspicion of upper respiratory disease such as epiglottitis or
croup, plain radiographs may reveal edema and airway narrow-
ing and obviate the need for emergent intervention. In the case
of suspected foreign body aspiration, AP and lateral films may
aid in identifying and/or localizing radiopaque objects. Visu-
alization of soft tissues on plain radiography is useful in cases
of suspected retropharyngeal abscess or hematoma, wherein the
thickness of the prevertebral soft tissue may be assessed. Widened
or distorted prevertebral soft tissue on lateral views can also be
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Table 5.1: Classical Indications for C-Spine Radiography

Penetrating trauma to neck
Suspicion of upper airway disease
Blunt trauma to head and/or neck in the presence
of any of the following:

■ Hemodynamic instability
■ Unconsciousness
■ Altered mental status
■ Major craniofacial trauma
■ Myelopathy
■ Radiculopathy
■ Focal cervical pain and tenderness, especially

posterior midline
■ Painful limitation of neck range of motion
■ Proximate “distracting” injurya

■ Major remote “distracting” injuryb

a Examples include upper rib fracture, sternal fracture, and shoulder
girdle fracture and/or dislocation.
bExamples include major blunt abdominal trauma and pelvic
fracture.

a clue to an occult bony or ligamentous injury in the absence of
other radiographic abnormalities and may indicate the need for
further imaging.

INDICATIONS

C-spine injuries are present in only 2% to 6% of blunt trauma
victims and in even fewer nontraumatic ED patients, but the
potential for catastrophic outcomes of missed C-spine injuries
has led to a high index of suspicion by emergency physicians. As
a result, the use of C-spine radiography in U.S. EDs is liberal,
and costs are high. The question of clinical indications for cer-
vical radiography is not as much “Who should we image?” but
“Who should we not image?”

The classically accepted indications for C-spine radiography
are penetrating trauma to the neck, suspicion of upper airway
disease, and blunt trauma to the head or neck in the presence
of any of a number of clinically evident conditions (Table 5.1).

Table 5.2: Canadian C-spine Rule (6)

Any high-risk factor mandating radiography?a

Age older than 65 years
Paresthesias in extremities
Dangerous mechanism
Fall from more than 3 feet or five stairs
Motor vehicle crash (MVC) with combined velocity >100 km/h

(62 mph), rollover, or ejection
Motorized recreational vehicle accident
Bicycle collision
Axial load to head (i.e., diving)

Any low-risk factor allowing safe assessment of range of motion?a

Simple rear-end MVC
Sitting position in ED
Ambulatory at any time
Delayed onset of midline cervical tenderness

Able to actively rotate head left and right 45 degrees?a

a Presence of any high-risk factor, absence of all low-risk factors, or
inability to rotate head 45 degrees mandates radiography.

Table 5.3: NEXUS Low-risk Criteriaa (7)

No midline C-spine tenderness
No evidence of intoxication
Normal level of alertness
No focal neurological deficit
No painful distracting injury

a All must be true to preclude radiography.

In the past decade, there has been much debate as to the indi-
cations for C-spine radiography. After pressure from insurers
and government agencies in the late 1980s, research on C-spine
radiography utilization lead to two major decision criteria for
C-spine imaging in the ED, the Canadian C-spine Rule (CCR;
Table 5.2) and the NEXUS Low-risk Criteria (NLC; Table 5.3).
Both studies proposed decision tools for obtaining C-spine
radiography in alert patients presenting in the emergency set-
ting in order to reduce the amount of radiographs ordered, 96%
of which are normal.

The CCR was examined in 8,924 patients with blunt head
or neck trauma and used exclusion of three high-risk factors
and ability to safely and actively rotate the neck as grounds to
bypass radiography of the cervical spine (Table 5.2). The rule
was 100% sensitive and 42.5% specific for clinically important
C-spine injuries and would have reduced C-spine film ordering
rate (6). In addition, the four missed injuries in the study were
categorized as not clinically significant (Table 5.4).

The NLC include “the five nos” (Table 5.3), which were
validated in a prospective study of 34,069 patients in whom
the sensitivity and specificity were 99% and 12.9%, respectively
(7). Two of 8 patients with missed injuries by the criteria had
clinically significant injuries.

The two decision rules were compared directly in a prospec-
tive study of more than 8,000 patients in 2003 (8). The CCR and
NLC showed sensitivities of 99.4% versus 90.7%, respectively.
CCR would have missed one injury, whereas NEXUS would
have missed 16. In terms of actual reduction in imaging, the
CCR would have resulted in a 55.9% imaging rate versus 66.6%
for the NLC. Despite these findings, due to the ease of the use of
NEXUS in the ED, it remains the predominant rule used in EDs
today.

In 2003, the American College of Radiology (ACR) published
appropriateness criteria reinforcing the withholding of imag-
ing in awake, alert, sober patients without cervical tenderness,
distracting injuries, or neurological signs or symptoms.

Table 5.4: Clinically Insignificanta Radiographic
C-Spine Injuries (7)

Spinous process fractures
Simple wedge compression fractures with loss of less than 25%

height
Isolated avulsion fractures without ligamentous injury
Type odontoid fractures
End-plate fractures
Isolated osteophyte fractures
Trabecular fractures
Isolated transverse process fracture

a Failure to identify would result in extremely low chance of harm, and
no specific treatment exists.
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Although the two major decision tools have the potential
to lower the amount of unnecessary studies, neither has been
widely nor officially accepted into clinical practice to date. The
differences in content and implementation of each, coupled with
the lack of external validation and the potential biases in the
studies comparing the two, leave the decision within the clinical
judgment of the emergency physician. It seems that the prospect
of missing an important injury will likely continue to drive the
use of C-spine radiography.

PITFALLS IN DIAGNOSIS

C-spine injury is relatively uncommon in the pediatric popu-
lation, with incidence of less than 1% in most studies; how-
ever, rates of mortality and neurological damage are alarmingly
high.(9) Due to the altered biomechanics of the pediatric spine,
upper C-spine injuries are more common in young children,
whereas adolescents have patterns similar to adults. C-spine
radiography has been shown to have a sensitivity of up to 94% in
pediatric patients,(10) comparable to that of adults. In addition,
data from the NEXUS study suggest that the NLC can be applied
to children older than 2 years with 100% sensitivity (11).

The pitfall of pediatric C-spine radiography lies in the con-
dition known as spinal cord injury without radiographic abnor-
mality (SCIWORA). First described in 1982, this syndrome
consists of subjective myelopathy in pediatric patients with nor-
mal radiography and CT. The incidence of SCIWORA has been
quoted to be as high as 40% in children with traumatic myelopa-
thy. Research has revealed the culprits to be ligamentous disrup-
tion coupled with the unique biophysical properties of the pedi-
atric spine and its blood supply (12). Pediatric patients should
undergo the same screening and confirmatory imaging as adults,
with a high index of suspicion for underlying soft tissue and
neurological injury, especially with dangerous mechanisms and
painful distracting injuries.

Classically, it was believed that the standard three-view
C-spine plain film series could detect up to 92% of bony C-
spine injuries, but it is the 8% of C-spine injury patients with
normal films that has prompted the recently growing body of
evidence against plain films as the only screening modality.

Figure 5.1. Ligamentous anatomy of the cervical spine. A: Anterior lon-
gitudinal ligament. B: Intervertebral disc. C: Posterior longitudinal lig-
ament. D: Facet joint capsule. E: Ligamentum flavum. F: Interspinous
ligament. G: Supraspinous ligament. C–G: Collectively referred to as the
“posterior ligamentous complex,” these ligaments limit flexion and can be
sprained or ruptured in hyperflexion. Similarly, the anterior longitudinal
ligament can be ruptured or can avulse fragments of the vertebral body
in hyperextension.

Furthermore, in multiple studies in the past decade, plain radio-
graphy alone has been shown in multiple studies to miss up to
one-third of fractures and more than one-half of all subluxa-
tions and dislocations. Overall, the most common reason for
missed C-spine injuries on plain films is inadequate visualiza-
tion of complete C-spine anatomy due to radiographic tech-
nique or patient anatomical factors (13). Often, these “missed”
injuries are in fact interpreted as abnormal on plain radiog-
raphy, and a definitive diagnosis is reached on CT scanning.
Adequate plain films missed 2.8% of injuries in blunt trauma
victims in one study (14). The most often missed fractures are of
the lamina and posterior elements, and the most common lev-
els missed are between C0-C3 and C6-C7 (14,15). CT scanning
was shown to be up to 96% sensitive in identifying these injuries
(16). Fortunately, however, multiple studies have suggested that
a large portion of missed fractures on plain films are of little
clinical consequence (6,7). (Table 5.4) and require little or no
intervention.

A growing body of evidence and an increasing amount of
authorities are now advocating a shift to CT-based screening of
blunt trauma victims for C-spine injury (17). The advantages of
CT are more thorough imaging of the cervicocranium, multi-
axial views, and evaluation of soft tissues to a greater degree.
Indeed, CT has been shown to be up to 100% sensitive in
multiple studies (17). Two larger studies from 2001 to 2002
comparing plain films and CT for detection of bony C-spine
injury found comparative sensitivities of 54% to 65% for plain
films versus 96% to 100% for CT. Rather than being replaced,
however, plain radiography of the cervical spine is becoming
an integral part of the multifaceted screening and diagnostic
process of blunt C-spine injury. In the Eastern Association for
Trauma’s (2000) most recent practice guidelines, C-spine plain
radiography is still recommended in conjunction with CT, and
delayed flexion/extension views are recommended to clear the
cervical spine of immobilization (18,19). Similarly, the ACR, in
their 2003 appropriateness criteria for suspected C-spine trauma,
give an appropriateness rating of nine out of nine for the stan-
dard three-view C-spine radiographic panel in patients who are
either unconscious or fail to meet all of what is essentially the
NLC.

CLINICAL IMAGES
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Figure 5.2. The four lines of lordosis. The anterior longi-
tudinal ligament line, the posterior longitudinal ligament
line, the spinolaminar line, and the posterior spinous line
are smooth and lordotic without disruption or angula-
tion. Disruption of these imaginary lines should raise
suspicion for ligamentous or bony injury.

Figure 5.3. Normal AP view. The mandible and occiput
are superimposed over the first two cervical vertebrae;
thus, an adequate film should clearly show the vertebral
column from C3 to T1. There should be vertical and rota-
tional symmetry of vertebral bodies, lateral masses, and
spinous processes. Interbody and interspinous distance
should be constant. Articular surfaces should be parallel to
each other. “Step-offs” may indicate fractures, and isolated
widened disc spaces can signify ligamentous disruption.
Pathological rotation of cervical vertebrae, as in unilat-
eral interfacetal dislocation, may manifest as deviation of
spinous processes from normal vertical alignment. The
trachea appears as a radiolucent air column that should
lie in the midline.

Figure 5.4. Ligamentous anatomy of the cervicocranium. The trans-
verse atlantoaxial ligament, the alar ligaments, and the cruciate liga-
ment stabilize the cervicocranial junction. The anterior longitudinal
ligament arises from the tectorial membrane intracranially,
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Figure 5.5. Normal atlantodens interval. The atlantodens
interval is normally less than 3 mm in adults (small arrows).
An atlantodens interval greater than 3 mm in adults or 5 mm
in children suggests ligamentous injury or, more commonly,
fracture of the arch of the atlas.

A B

Figure 5.6. Normal occipitoatlantal (cervicocranial) articulation. A: The normal occipitoatlantal articulation. Both the basion-dental interval
(BDI) and the basion-axial interval (BAI) assess the integrity of the cervicocranial junction; values of greater than 12 mm signify occipitoatlantal
dissociation. The BDI (white bracket) is measured vertically from the basion to the tip of the dens. The BAI (solid black line) is measured from the
basion horizontally to a line drawn vertically along the posterior cortex of the axis (solid white line).
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Figure 5.7. Atlantoaxial subluxation. Atlantoaxial sub-
luxation most often results when C1 translates anteri-
orly on C2 due to an uncertain MOI with or without
underlying degenerative pathology. The radiographic
signs of atlantoaxial subluxation are a widened atlanto-
dens interval (small arrowheads), usually greater than
3 mm in adults, and a posterior atlas arch that lies ante-
rior to the spinolaminar line (large arrow and solid line).
This condition is associated with rheumatoid arthritis,
Down syndrome, Morquio syndrome, and Grisel syn-
drome in pediatric patients. This patient was diagnosed
with ankylosing spondylitis shortly after this radiograph
was obtained; note the “squared-off” appearance of the
vertebral bodies.

Figure 5.8. Normal open-mouth odontoid view. The dens and articu-
lating surfaces of the lateral masses of C1 and C2 can be seen in their
entirety. The dens should be equidistant from either arch of C1 and
vertically aligned with the C2 spinous process. The lateral masses of
C1 and C2 should articulate with less than 2 mm of lateral override
(small arrows). It is important to note that two common masqueraders
of odontoid fracture are failure of ossification of the base of the dens
leading to persistent infantile odontoid and the radiographic shadow
cast across the dens by either the occiput or the maxillary teeth.

A B

Figure 5.9. Normal flexion and extension view.
The cervical spine is visualized from the occiput
to C7; the anterior and posterior ligamentous
lines are intact, as are the interbody distances;
and there is no subluxation. Note that the
smooth lordosis of the cervical spine is reduced
or absent in flexion and exaggerated in exten-
sion. These views are useful in identifying
anterior or posterior ligamentous injury, with
resultant instability of the cervical vertebrae in
extension and flexion, respectively. Inappropri-
ate increases in the vertical distance between
spinous processes or vertebral bodies can indi-
cate the presence of anterior or posterior sub-
luxation.
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Figure 5.10 (above left). Normal Swimmer’s view. If the standard lateral radiograph does
not clearly show the entire cervical spine down to the C7-T1 junction and downward trac-
tion on the arms to lower the shoulders is either insufficient or contraindicated, the arm
closest to the film may be raised and a Swimmer’s view obtained. The adequate Swim-
mer’s view reveals the C7-T1 junction (arrow), albeit often overlapping with the soft tissue
and bones of the shoulder. Note the incidental appearance of a calcified annulus fibrosus
(arrowhead) at the C6-C7 level; these can mimic avulsion fractures.

Figure 5.11 (left). Normal prevertebral soft tissue. This lateral radiograph shows the normal
width and contour of the prevertebral soft tissues (small arrowheads). The width of the
prevertebral soft tissue should not exceed 6 mm anterior to the body of C2. Bulging or
diffuse thickening is due to edema or hematoma and may signal underlying injury in an
otherwise normal radiograph. Also seen in this view are the hyoid bone (large arrowhead)
and epiglottis (large arrow).

Figure 5.12. Prevertebral soft tissue swelling. Preverte-
bral soft tissue swelling in conjunction with a fracture
of the anterior arch of C1 is shown. Note the presence of
a widened prevertebral space (white line) and the loss of
the normal contour (small arrowheads). The thickness
on lateral view should be no more than 6 mm at C2 and
22 mm at C6. Greater thickness is very specific but not
adequately sensitive to identify a high percentage of
occult fractures. Thus, a widened prevertebral soft tis-
sue should raise the index suspicion of occult injury and
mandate further imaging. The most common injuries
associated with abnormal prevertebral soft tissue con-
tour are occipitoatlantal dissociation, occipital condyle
fracture, Jefferson burst fracture, odontoid fractures,
C1 arch fracture, and traumatic rupture of the trans-
verse atlantoaxial ligament.
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A B

Figure 5.13. Type II odontoid fracture. The fracture line (small arrowheads) is present at the junction of the base
of the odontoid process and the ring of C2, visible on plain film odontoid view (A) and CT (B). Type II fractures
are the most common odontoid fracture and carry a 30% to 50% incidence of nonunion. Odontoid fractures
result from diverse mechanisms of injury but require significant force. Type I fractures are uncommon and occur
when the tip of the dens is avulsed at the insertion of the alar ligament. This fracture is stable. Type II and III
fractures occur at the base of the dens and through the anterior axis body inferior to the dens, respectively. These
fractures are unstable and can be associated with neurological deficits up to 10% of the time.

Figure 5.14. Increased atlantodens interval (ADI). The width
of the predental space or ADI is normally less than 3 mm in
adults and 5 mm in children. The ADI is determined by the
stability of the dens in the anterior arch of the atlas, which is
determined mostly by the integrity of the transverse ligament.
Ligamentous injury is seen with hyperflexion, extreme lateral
flexion, or vertical compression. Rupture of the transverse liga-
ment is often seen with concomitant fracture, but in the absence
of bony trauma, the ADI is the only indication of disruption. It
should be noted that in patients with rheumatoid arthritis, the
ADI may be pathologically widened.

Figure 5.15. Isolated fracture of ring of C1. Isolated frac-
ture of the C1 ring on the left side (arrow). Note the
superior displacement of the vertebral ring, leading to
an increased interspinous distance (solid line). There is
also significant prevertebral soft tissue swelling and loss
of contour (arrowheads).
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Figure 5.16. Traumatic spondylolisthesis of C2 (Hangman’s fracture).
Bilateral fracture of the pars interarticularis (not the “pedicles,” which
are poorly defined in the axis) of C2 results from extreme hyperex-
tension, usually associated with MVC. Despite the relatively greater
width of the spinal canal at this level, the Hangman’s fracture is con-
sidered unstable because it is often associated with C2-C3 disc injury
or C2-C3 interfacetal dislocation and resultant anterolisthesis.

Figure 5.17. Anterior subluxation (AS). AS of “hyperflexion
sprain” is a disruption of the posterior ligamentous complex
resulting from hyperflexion, as in the flexion component of
the “whiplash” injury associated with rapid deceleration in
MVC. Although classic isolated AS is a purely ligamentous
injury, AS can also be associated with facet joint dislocation,
fractures, and spinal cord compression. Radiographically, AS
presents as hyperkyphotic angulation (solid lines) at the level of
injury, posterior “fanning” of the spinous processes, and ante-
rior disc space narrowing in conjunction with posterior disc
space widening (small arrows show overall disc space widening
in this case). Variable amounts of facet joint displacement may
be seen in more extensive cases. Anterior translation is usu-
ally less than 3 mm (large arrowhead), distinguishing pure AS
from bilateral interfacetal dislocation, which presents as 50%
or greater anterior translation of the vertebral body. In fact,
subluxation (seen radiographically as incongruity of subjacent
facets) is more common than frank dislocation.
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A B

Figure 5.18. Anterior subluxation (AS) with perched facets. When flexion forces are significant, disruption
of the posterior ligamentous complex can be accompanied by incomplete dislocation of the interfacetal joint
leading to “perching” of the facets. A: Note AS of C5 on C6 with less than 50% overlap of vertebral bodies (large
arrow) coupled with perching of the left articular facet (small arrow). B: MRI of the same patient, illustrating the
potential for spinal cord injury when AS is coupled with facet joint dissociation. Note the complete disruption
of the posterior ligamentous complex (large arrowhead).

Figure 5.19. Bilateral interfacetal dislocation. Bilateral interfacetal dis-
location occurs when extreme hyperflexion disrupts the entire posterior
ligamentous complex. On lateral view, the superior facets come to rest
anterior to their subjacent counterparts (referred to as “locked facets,”
small arrow), the superior vertebral body is subluxed anteriorly to an
extent equal to or greater than 50% of its width (large arrow), and both
soft tissue and bone are unstable. MRI is indicated to determine the
degree of spinal canal encroachment and/or cord damage.
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A B C

Figure 5.20. Anterior subluxation (AS) with perched and locked facets. This film shows AS of C5 on C6 with both perched
and locket facets. A: AS of less than 50% vertebral body width is evident (large arrow), along with a perched left facet (small
arrow) and locked right facet (small arrowhead). B and C: The reconstructed CT scans show the locked right facets and perched
left facets, respectively.

A

C

B

Figure 5.21. Burst fracture. A: Burst fracture of C5 on
plain radiography (large arrow). Burst fractures result from
an axial compressive force, usually a blow to the top of
the head, and are characterized by lateral or AP displace-
ment of fracture fragments (arrowheads) that may com-
press the spinal canal (B and C, showing CT and MRI
of the same patient). Easily confused with simple wedge
fractures due to the loss of vertebral height, burst fractures
commonly have a vertical fracture line extending through
the complete height of the vertebral body. These fractures
are unstable.
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Figure 5.22. Clay shoveler’s fracture. Clay shoveler’s fracture of C6 and C7 (A, arrowheads) and C6 (B, arrow). C: CT of the patient in (B) showing
the benign nature of the mildly displaced fractured spinous process. This simple avulsion fracture of the spinous process of a cervical vertebra
occurs when the neck is forcefully flexed against the tensed posterior ligaments, a MOI often seen in football players and powerlifters. It occurs
most often in C6 and C7 and is considered stable.

A B

Figure 5.23. Comminuted compression fracture. This patient sustained an axial force while diving. A severe
compression fracture of C6 (A), with greater than 70% loss of vertebral height anteriorly and retropulsion of
fragments compressing the spinal cord (B). This patient exhibited a central cord syndrome.
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Figure 5.24. Gunshot wound to the neck. Plain films are helpful for initial localization of retained missile
fragments, but CT provides more information about localization and involvement of bony and soft tissues. In
this case, multiple bullet fragments are noted near C4 and C5 (A), but on CT (B and C) a large fragment is seen
near the right transverse foramen of C5, dangerously close to the vertebral artery. Emphysema is noted in the
soft tissues, a hallmark finding in cases of penetrating trauma.



104 Fox and Silman

A B

Figure 5.25. Importance of adequate films. A: An apparently normal lateral cervical radiograph. The cervical
spine is well visualized only to the level of C5. CT reveals a significant fracture through the body of C6. This
reinforces the concept of the necessity and utility of adequate views when performing C-spine radiography as
well as the utility of CT for visualizing the entire cervical spine.

BA

D
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Figure 5.26. Use of plain radiography in nontraumatic conditions. Soft tissue
radiography can be useful in identifying nontraumatic conditions in the neck, usu-
ally involving the airway and surrounding soft tissues. A: AP neck radiographs in
croup display characteristic subglottic narrowing (large arrows), commonly referred
to as “steeple sign.” C: Epiglottitis produces an enlarged, edematous epiglottis (large
arrowhead) visible on lateral radiographs. A radiopaque ingested foreign body at
the level of the hypopharynx is clearly demonstrated on lateral views in (C). D:
Markedly increased width of the prevertebral soft tissues (small arrowheads) on
lateral radiograph in a patient with retropharyngeal abscess. Images courtesy of Dr.
Kenneth Kwon.
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Thoracolumbar Spine and Pelvis Plain Radiography

Michael Anderson, Adam Tuite, and Christine Kulstad

Radiographic evaluation of the pelvis and spine often starts with
plain radiographs, most commonly ordered after a traumatic
injury. Because of the limitations of plain films in these areas,
discussed in more detail later in this chapter, CT is often ordered
to clarify an injury noted on a plain radiograph, or in cases where
a high diagnostic concern exists. As with all plain radiographs,
soft tissues are not well visualized. MRI may be ordered, espe-
cially in the spine to assess intervertebral disks, spinal nerves, and
the spinal cord. Severe fractures of the pelvis often necessitate an
angiogram to diagnose and potentially treat arterial or venous
injury. The thoracolumbar spine is discussed separately from the
pelvis in this chapter. Each section discusses indications, diagnos-
tic capabilities, and limitations, followed by images of important
pathological findings.

THORACOLUMBAR SPINE

Indications

Imaging of the thoracolumbar spine is often ordered after injury.
Patients with pain or tenderness over the spine, rather than the
paraspinal muscles, or with high-risk injuries and unreliable
exams should be imaged (1,2). Injury occurs less commonly
in the thoracic spine due to its immobility and the additional
stability provided by the rib cage. Most fractures occur at the
junction of the thoracic and lumbar spine.

Patients with nontraumatic back pain do not routinely need
radiographs. Indications for plain films in these patients include
age older than 55 years, history of malignancy, history of osteo-
porosis, suspected infection, or back pain lasting longer than
4 weeks (3).

Basic radiographs consist of an anteroposterior (AP) and a
lateral view. Additional oblique views may be added to better
visualize the neural foramina and facet joints. The beam can

be centered at the thoracolumbar or lumbosacral junction to
provide better visualization of these areas. The upper thoracic
spine is difficult to evaluate on a lateral view due to the overlying
shoulders; thus, a slightly rotated or Swimmer’s view may be
needed to visualize this area.

Diagnostic Capabilities

Thoracolumbar radiology is capable of diagnosing fractures of
the vertebral bodies, such as burst or compression fractures usu-
ally due to axial loading, or transverse fractures due to distraction
injuries. More severe vertebral body fractures may extend into
the posterior elements – pedicles, spinous processes, or lamina.
Isolated fractures of the transverse processes can occur but have
limited clinical significance, except as a marker to evaluate for
other significant injuries. Ligamentous injuries can be identified
by widening or rotation of the spinous processes, or by dislo-
cation of one vertebral body relative to another. Osteomyelitis,
tumors, and Paget disease may be diagnosed if thoracolumbar
involvement is present.

Imaging Pitfalls/Limitations

In the thoracolumbar spine, a burst fracture may be mistaken for
a less serious compression fracture (4). Transverse and spinous
process fractures can be hidden by overlying bowel gas or stool.
A localized bulging of the paraspinal line may not be recog-
nized as an indication of a likely fracture of the thoracic spine
with resulting hematoma. CT of the abdomen and pelvis, per-
formed on many trauma patients, may be more accurate in
diagnosing injuries of the thoracolumbar spine (5,6). Frac-
tures involving two of the three columns (anterior, middle, and
posterior) of the thoracolumbar spine must be recognized as
unstable.
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Clinical Images

On lateral projections, trace the alignment of the anterior and
posterior borders of the vertebral bodies and the facet joints.
These should form a smooth line. Trace the alignment of the
superior and inferior borders of each vertebral body, checking
for irregularities. Neighboring vertebral bodies should be the
same height, and each body is roughly rectangular, not wedge
shaped.

A B

C D

Figure 6.1 Normal thoracolumbar spine.
a. AP thoracic spine
b. Lateral thoracic spine
c. AP lumbar spine
d. Lateral lumbar spine

On an AP projection, vertebral bodies should gradually
become taller and wider. Superior and inferior borders are
smooth and clearly defined. Lateral borders have a smooth con-
cave border. The distance between pedicles and spinous processes
gradually increases throughout the lumbar spine. Alignment of
vertebral bodies and spinous processes should be checked. The
outline of transverse processes in the lumbar spine should be
smooth.



108 Anderson et al.

Figure 6.2. L1 compression fracture in a patient with low back pain.

Figure 6.3. L2, L3 osteomyelitis in an intravenous drug abuser pre-
senting with back pain, AP view.

Figure 6.4. Lateral view of same patient.

Figure 6.5. L1 superior endplate fracture after a fall from a
second story window, AP view.



Thoracolumbar Spine and Pelvis Plain Radiography 109

Figure 6.6. Lateral view of same patient.

Figure 6.7. T12, L1 osteomyelitis seen in lateral view.

Figure 6.8. AP view of same patient.

Figure 6.9. L1 fracture with retropulsion after a fall.
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Figure 6.10. Incidental aortic aneurysm noted with degen-
erative changes in the spine in an elderly patient with back
pain.

PELVIS

Indications

Plain radiographs of the pelvis are ordered almost exclusively
after a traumatic injury. Advanced Trauma Life Support pro-
tocols recommend all victims of trauma receive an AP pelvis
radiograph. Subsequent studies question this indication (7,8)
and advocate more selective imaging based on clinical factors,
such as severity of injury and physical exam findings. All elderly
patients who complain of hip or pelvic pain after even low energy
trauma, such as a fall from standing position, should be imaged.
Fractures of the hip or pubic rami are common after minimal
trauma (9) in this cohort. In younger patients, other clear indi-
cations for radiographs include blood at the urethral meatus;
a high-riding prostate; perineal ecchymosis; rotation or short-
ening of the leg; ecchymosis of lumbar spine, medial thigh, or
pelvis; and instability or pain with compression of the pelvis (10).

The pelvis is unusual in that a standard radiographic eval-
uation consists of only an AP view. Inlet and outlet views may
be ordered to better visualize fractures of the main pelvic ring
and sacrum. Judet views can often visualize acetabular fractures
better than an AP view. In both cases, however, CT is used much
more commonly and provides more detailed images, especially
when 3-D reconstruction is used.

Figure 6.11. T8 compression fracture.

Diagnostic Capabilities

Pelvic radiology is routinely used to diagnose fractures and liga-
mentous disruptions. Fractures may be noted in the inferior or
superior pubic rami, sacrum, iliac wing, or acetabulum. Liga-
mentous disruption can be noted by widening or misalignment
of the pubic symphysis, or widening of the sacroiliac joint. Avul-
sion fractures from the iliac crest, iliac spines, and ischial tuberos-
ity may be noted in athletic adolescents after vigorous activity.
As with the spine, osteomyelitis, tumors, and Paget disease may
be noted if pelvic involvement is present.

Imaging Pitfalls/Limitations

Pediatric radiographs can be confusing due to the multiple ossi-
fication centers of the ilium, ischium, and pubis, as well as mul-
tiple apophyseal ossification centers that may mimic fractures.
Consultation with an atlas of normal pediatric images may be
necessary. The sacrum can be difficult to visualize due to overly-
ing bowel gas on an AP radiograph. Rotation of the patient may
create asymmetries that may mimic subtle fractures. Acetabular
fractures may produce only subtle findings on an AP pelvis radio-
graph and are easily overlooked. Coccygeal fractures are difficult
to visualize on routine AP pelvis views, and the normal coccyx
is often angulated or malformed. Coccygeal fractures, however,
are of limited significance, requiring no treatment except pain
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control, and can be diagnosed clinically. Single pelvic fractures
are unusual, unless of the pubic ramus, coccyx, or a transverse
sacral fracture. Identification of one fracture should trigger care-
ful reexamination for a second.

Clinical Images

Trace the rings formed by the arcuate line and obturator foram-
ina to check for irregularities. Examine the symphysis pubis,

Figure 6.12. Normal AP pelvis.

Figure 6.13. Right pubic and acetabulum fractures with a right femoral
head dislocation after motor vehicle crash (MVC).

its width should not exceed 5 mm, and its superior bor-
ders should align. Check that the sacroiliac joints are of equal
width and are symmetric. Inspect the sacral foraminae for any
break in their smooth arcs. Carefully examine the acetabu-
lum by tracing the superior and inferior rims and the articu-
lar surface, and by comparing both sides for symmetry. Exam-
ine the iliac wings, as well as portions of the lumbar spine
and femurs included, for lucencies or irregularities suggesting
fracture.

Figure 6.14. Bilateral pubic rami fractures after MVC.

Figure 6.15. Right inferior and superior rami fractures with diastasis
of the pubic symphysis after blunt trauma.
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Figure 6.16. Left acetabular fracture after a fall.

Figure 6.17. Lytic lesion in right superior acetabulum in patient pre-
senting with hip pain.

Figure 6.18. Displaced right acetabular fracture, right inferior ramus
fracture after blunt trauma.

Figure 6.19. Left acetabular fracture after gunshot wound.
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Figure 6.20. Left superior and inferior pubic rami fractures after a fall.

Figure 6.21. Right prosthetic hip dislocation with left ilium, ischium,
acetabular, and pubic rami fractures.

Figure 6.22. Left iliac wing, acetabulum, and inferior pubic ramus
fracture.

Figure 6.23. Right hemipelvis with multiple comminuted fractures
after blunt trauma.
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Figure 6.24. Left acetabulum and pubic rami fractures after blunt
trauma.

Figure 6.25. Right pubic ramus, acetabulum, and ilium fractures.

Figure 6.26. Bilateral obturator ring fractures with sacral fracture after
blunt trauma.

Figure 6.27. Left pubic rami, ilium, and acetabulum fractures after
MVC.



Figure 6.28. Left sacroiliac and symphyseal diastasis with right
sacral alar fracture and left obturator ring fracture.

Figure 6.29. Symphyseal and right sacroiliac joint diastases.

Figure 6.30. Symphyseal and right sacroiliac joint diastases with
right pubic rami fractures.

Figure 6.31. Symphyseal diastasis with left acetabulum, ilium,
and bilateral pubic rami fractures.

Figure 6.32. Bilateral pubic rami fractures with symphyseal and
right sacroiliac joint widening.

Figure 6.33. Bilateral pubic rami fractures and left sacroiliac
joint widening.
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Plain Radiography of the Pediatric Extremity

Kenneth T. Kwon

INDICATIONS

Plain extremity radiographs are indicated in pediatric patients
with significant mechanism of injury; pain; limitation of use or
motion; or physical exam evidence of deformity, swelling, or
tenderness. The joint above and below the site of injury should
be carefully examined, and radiographs of adjacent joints should
be obtained when indicated. Occasionally, parental pressure to
exclude fractures is a contributing factor in determining the need
for extremity radiographs.

DIAGNOSTIC CAPABILITIES

Pediatric extremities consist of growing bones and ossifications
centers, with wide variability in normal-appearing bones based
on age. Despite these variations, a basic understanding of bone
development physiology and time of onset of certain radiogra-
phic findings, particularly ossification centers of the elbow, is
important in order to accurately interpret these films. Physeal
injuries, which involve the growth plate, comprise up to one-
third of all pediatric fractures. Because the physis itself is radi-
olucent, physeal fractures are not always evident on initial plain
radiographs. Follow-up plain radiographs and, occasionally,

Figure 7.1. Physeal fractures: Salter-Harris classification.
Physeal fractures occur at the physis, or growth plate.
Approximately 18% to 30% of all pediatric fractures involve
the physis. Physeal injuries are more common in adolescents
than in younger children, with the peak incidence at 11 to
12 years of age. Most occur in the upper limb, particularly
in the radius and ulna. Physeal fractures can be categorized
from types 1 to 5 based on the Salter-Harris classification.

imaging with magnetic resonance or nuclear bone scan may be
necessary.

Minimum views of the extremity should include anteropos-
terior (AP) and lateral. Ensure that a true lateral of the elbow
is obtained because fat pads may be obscured or distorted with
any sort of rotated technique. Oblique views may be needed to
define a fracture, particularly of the elbow or ankle. Comparison
views with the contralateral extremity may be useful to deter-
mine normal variants, but they should not be ordered routinely
on all patients.

IMAGING PITFALLS/LIMITATIONS

Negative initial plain radiographs do not exclude a Salter-Harris
type 1 physeal fracture. If a pediatric patient has negative films
but significant swelling or point tenderness along the physis of
a bone, assume a physeal fracture and splint accordingly. Also,
resist the pitfall of diagnosing sprains in children with nega-
tive radiographs because ligaments tend to be stronger than the
developing bones to which they are attached at the epiphyseal
and perichondrial areas. The incidence of sprains and disloca-
tions are much less common in children than in adults.

CLINICAL IMAGES
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Figure 7.2. Salter-Harris type 1. This fracture involves separation of the metaphysis and epiphysis at the physis. It is suspected on clinical grounds
if there is point tenderness or swelling at the physis. Radiographs are usually normal, but they may reveal some widening of the physis or mild
displacement of the epiphysis. Note on the left image that the epiphysis appears slightly displaced dorsally and on the middle image that the
epiphysis appears slightly displaced laterally. Follow-up radiographs at 1 to 2 weeks may reveal new bone formation at the physis.

Figure 7.3. Salter-Harris type 2. This fracture involves the physis and
metaphysis. It is the most common physeal fracture (75%) and carries
a good prognosis.

Figure 7.4. Salter-Harris type 3. Fracture through
the physis and epiphysis, and intraarticular by def-
inition. This can lead to growth arrest or chronic
disability. ED orthopedic consultation is warranted.
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Figure 7.5. Salter-Harris type 4. Fracture through physis, metaphysis, and epiphysis, and intraartic-
ular by definition. Same complications and management as type 3.

Figure 7.6. Salter-Harris type 5. Crush injury due to significant axial compression. This
may appear obvious with distortion or marked narrowing of the physis, or may be subtle
and radiographically similar to a type 1 fracture. Note the narrowed tibial physis and
concurrent calcaneal fracture in these images. If the mechanism is suggestive, consider a
type 5 fracture. Comparison views may be needed. Courtesy of Loren Yamamoto, MD.
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A B

Figure 7.7A and B. Torus fracture. Also called a buckle fracture,
this injury is common in younger children. It occurs in the meta-
physeal region of bone from a compressive load. The cortex of
bone “buckles” in a small area, resulting in a stable fracture pat-
tern. The most common site of this fracture is the distal radius.
The fracture area may be seen on one side only or bilaterally. If
a distal forearm torus fracture is unilateral and minor, a short
arm splint is often adequate; if bilateral or more significant, use
a sugar tong splint to immobilize the elbow joint as well.

Figure 7.8. Greenstick fracture. A Greenstick fracture is an incomplete
fracture that usually occurs at the diaphyseal-metaphyseal junction.
Angulation of a bone causes a break on the convex side, while the
periosteum and cortex on the concave side remains intact. To obtain
an anatomical reduction, this fracture must often first be completed.
Courtesy of Loren Yamamoto, MD.

A B

Figure 7.9A and B. Normal elbow ossification
centers. The elbow is a common fracture site in
a child, usually resulting from a fall onto an out-
stretched arm. Unfortunately, pediatric elbow
radiographs appear intimidating due to the mul-
tiple ossification centers and various temporal–
spatial relationships that need to be considered.
In actuality, interpreting pediatric elbow x-rays
is relatively straightforward if a simple, system-
atic approach is followed. Courtesy of Loren
Yamamoto, MD.
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A B

Figure 7.10A and B. The normal ossification centers of the right elbow. They can be remembered using the
mnemonic CRITOE, which stands for Capitellum, Radial head, Internal (medial) epicondyle, Trochlea, Olecra-
non, and External (lateral) epicondyle. These ossification centers all appear at different ages and eventually fuse
to adjacent bones. The ages at which they appear are highly variable, with the general guideline being 2, 4, 6, 8,
10, and 12 years of age for CRITOE, respectively. Although the ages at which they appear are variable in each
child, it is critical to remember that these ossification centers always appear in a specific sequence, with only rare
exceptions. Given this reasoning, if three bony fragments are seen, they should be the capitellum, radial head,
and internal epicondyle. If the external epicondyle ossification center is seen but not the olecranon ossification
center, what appears to be the external epicondyle ossification center is in actuality a fracture fragment. Also
note that a true and reliable lateral of the elbow should give alignment and superimposition of the epicondyles,
giving an “hourglass” or “figure of 8” sign as highlighted in (B). If this hourglass sign is not seen, it may not
be a true lateral and may be obscuring important fat pads or fracture lines. Looking at the lateral view, identify
the anterior fat pad, which is a somewhat triangular-shaped dark lucency just anterior to the anterior border
of the distal humerus. This is a normal anterior fat pad sign. If the elbow joint capsule becomes distended due
to hemarthrosis from a fracture in the elbow joint space, that anterior fat pad will be displaced anterior and
superiorly to form a more prominent lucency, or “sail sign.” So a small anterior fat pad is considered normal,
but a large one is considered abnormal and indicates an elbow fracture. A posterior fat pad located posterior to
the distal humerus is normally not seen due to the deep olecranon fossa, but if a posterior fat pad of any size
is seen, it is considered abnormal. Thus, a large anterior fat pad or a posterior fat pad of any size is considered
abnormal, and an elbow fracture should be presumed, even if an obvious fracture is not seen.
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Figure 7.11. Anterior humeral and radiocapitellar lines. The anterior
humeral line is an imaginary line along the long anterior axis of the
humerus on the lateral view. This line should bisect the capitellum in
the middle third. If the line intersects the anterior third of the capitel-
lum or passes completely anterior, this most likely indicates a supra-
condylar fracture with posterior displacement. The radiocapitellar line
is an imaginary line through the longitudinal central axis of the radius.
This line should pass through the capitellum in both the AP and lateral
views. If it does not, it most likely indicates a dislocation, usually of the
radial head.

Figure 7.12. Supracondylar fracture. Note the cortical break in the pos-
terior supracondylar area with the large associated posterior fat pad.
Also note that the anterior humeral line is abnormal and crosses the
anterior third of the capitellum, indicating mild posterior displacement
of the fracture.

A B

Figure 7.13A and B. Supracondylar fracture, occult. The only abnormality seen here is a posterior fat pad, indicating hemarthrosis and a presumed
occult supracondylar fracture. In the pediatric population, supracondylar fractures are the most common type of elbow fracture, accounting for
more than 50% of fractures of the elbow this age group, whereas radial head fractures are more common in adults. Typical mechanism is a fall on
the outstretched arm with hyperextension. Occasionally, distal pulses may be absent; most cases are due to vasospasm or arterial compression,
which should resolve after reducing the fracture. It is extremely important to document neurovascular functioning of the distal arm with elbow
fractures. Complications most commonly involve the brachial artery and median nerve, which may lead to Volkman’s ischemic contracture if not
properly managed. All supracondylar fractures warrant orthopedic consults in the ED for careful immobilization and close follow-up.



Plain Radiography of the Pediatric Extremity 123

Figure 7.14. Supracondylar fracture,
complete displacement. This is an exam-
ple of a type 3 or completely displaced
fracture.

Figure 7.15. Supracondylar fracture with radius fracture. The
obvious fracture is the transverse radius fracture. The sub-
tle fracture is the associated occult supracondylar fracture, as
indicated by the posterior fat pad sign.

Figures 7.16 (below left) and 7.17
(below right). Monteggia’s fractures.
These two radiographs are examples of
Monteggia’s fracture, which is a com-
bination of a proximal ulnar fracture
and radial head dislocation. Notice
the radiocapitellar line, which does
not pass through the capitellum, thus
revealing the dislocation. Monteggia’s
fractures comprise 2% of all elbow
fractures in children. The usual mech-
anism is elbow hyperextension. If the
radial head dislocation is not recog-
nized early and properly reduced, it
could lead to permanent radial nerve
damage and limited elbow motion.
Needless to say, emergent orthopedic
consultation is required. Most of these
fractures can be closed reduced, but
some will require open reduction and
fixation.
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A B

Figure 7.18A and B. Galeazzi’s fracture. The obvious fracture is the comminuted radial fracture, but the
more subtle injury is the dislocation of the distal ulna, seen clearly on the lateral view. This is an example of
Galeazzi’s fracture, which is classically described as fracture of the distal third of the radius with dislocation of
the distal ulna. This fracture should be suspected with any angulated fracture of the radius. Like Monteggia’s
injuries, most of these fractures can be closed reduced.

A B

Figure 7.19A and B. Lateral epicondyle fracture. Note the fracture fragment off the lateral condyle, seen best on the AP view. This is not a
normal ossification center because the lateral (external) epicondyle is the last ossification center to become visible. In this patient, no other
ossification centers are visible, not even the capitellum, which should be the first ossification center to be seen.
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A B

Figure 7.20. Lateral epicondyle fracture. A: Another example of a lateral epicondyle fracture. Note the extra fracture fragment (arrow)
inferior to the normal lateral epicondyle ossification center. In this patient, all ossification centers are visible. B: Comparison view of the
other normal elbow of the same patient.

A B

Figure 7.21A and B. Elbow dislocation with epicondylar fracture. This typical posterior elbow dislocation occurred in a child who fell
onto his outstretched arm. Also note the small fracture fragments off both the lateral and medial epicondyles, confirming a distal humeral
epicondylar fracture.
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A B

Figure 7.22A and B. Radial head subluxation (nursemaid’s elbow) Note that the radiocapitellar line does not go through the capitellum in all
views. This patient was being swung around playfully by dad with the arms extended. The annular ligament becomes partially detached from the
head of the radius and slips into the radiohumeral joint, where it is entrapped. This injury usually occurs in children a few months to 5 years of
age, after which the strength of the annular ligament is such that the injury is uncommon. The usual mechanism is axial traction on an extended
and pronated arm, such as when a child is lifted up or twirled around by the arms. The child usually holds the affected arm in pronation with the
elbow slightly flexed. Mild tenderness may be noted with palpation of the radial head. Significant point tenderness or swelling should suggest an
alternative diagnosis, such as a fracture. Radiographs are not needed unless a fracture is suspected, and certainly, closed reduction should not be
attempted without films unless a fracture can comfortably be excluded on historical and clinical grounds alone. Closed reduction is attempted
with your thumb on the radial head area and a combination of supination and flexion of the elbow. Frequently, you will feel a palpable “click.”
If supination/flexion does not appear to work, you can try rapid hyperpronation and extension. When reduction is successful, the child typically
uses the arm normally within 5 to 10 min. Postreduction radiographs are not needed unless arm use continues to be limited.

Figure 7.23. Lateral epicondylar fracture with radial head subluxation. The radiocapitellar line appears abnormal
in both views. In addition, there is an avulsion fracture of lateral epicondyle. This radiograph was first interpreted
as a normal lateral epicondylar ossification center, but on closer review, it is clear that the ossification centers of the
radial head, medial (internal) epicondyle, trochlea, and olecranon are not yet visible radiographically (remember
CRITOE); thus, the lateral epicondyle should also not be present. The only normal ossification center visible on
this radiograph is the capitellum.
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Figure 7.24. Ossification sequence variant. There are rare exceptions to every rule. This radiograph is an
example of the medial epicondyle ossification center becoming visible prior to the radial head ossification
center. This was confirmed by a comparison view of the other elbow. There is no fracture on this film.

A B

Figure 7.25A and B. Toddler’s fracture. First described by Dunbar in 1964, this fracture is classically described as an oblique or spiral nondisplaced
fracture of the distal tibia. It is most commonly seen in children 9 months to 3 years of age, and occurs as a result of an axial loading and twisting
injury on a fixed foot, which would maximize forces in the distal leg. Although any oblique or spiral fracture of a long bone in a child should raise
the possibility of nonaccidental trauma, an oblique fracture of the distal tibia in a weight-bearing infant can be explained from normal accidental
forces, such as a fall, which is frequently unwitnessed. More concerning would be a spiral fracture of the mid or proximal tibia, which may more
likely suggest nonaccidental trauma, as a perpetrator holding and twisting the distal portion of a leg would maximize forces in the midshaft and
proximal areas of the tibia. Isolated spiral fractures of the tibia neither confirm nor dismiss the possibility of abuse.
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Figure 7.26. Osgood-Schlatter disease. This adolescent devel-
oped acute knee pain while playing basketball and demonstrates
an avulsion fracture and Osgood-Schlatter disease. Note the avul-
sion fracture of the tibial tuberosity. Osgood-Schlatter disease is
inflammation or apophysitis of ossification centers (apophyses),
mainly in the proximal tibia at the insertion of the patellar ten-
don. Repetitive stress due to strong muscular attachments to
these apophyses can lead to microfractures, avulsions, or com-
plete patellar tendon ruptures. Most are minor injuries and can
be treated conservatively with symptomatic care and activity
restriction.

Figure 7.27. Hip avulsion fracture. This injury occurred in a
teenage track sprinter while running and without direct trauma.
Note the fracture off the superior iliac crest where the sartorius
muscle inserts. These hip avulsion fractures occur in active ado-
lescents due to jumping, running, or kicking. The most common
sites of these avulsions are the superior iliac crest (insertion of the
sartorius), inferior iliac crest (insertion of the rectus femoris),
and ischial tuberosity (insertion of hamstring muscles). Many of
these injuries are preceded by microfractures at these insertion
sites, similar to Osgood-Schlatter disease. Most of these injuries
can be treated conservatively and rarely require surgery. Cour-
tesy of Loren Yamamoto, MD.
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Figure 7.28. Slipped capital femoral epiphysis (SCFE). The lines
demonstrate a Klein’s line, which is a linear line drawn along the supe-
rior border of the proximal femoral metaphysis. This line should inter-
sect the top part of the femoral epiphysis, which it does on the right
hip. However, it does not pass through the epiphysis on the left hip,
which is indicative of SCFE. This injury can present with chronic or
acute pain in the hip, thigh, or knee, and up to 25% are bilateral. Most
occur in older children and younger adolescents, which helps differen-
tiate this disease from Legg-Calve-Perthes disease, which has a similar
presentation but tends to occur in younger children. A frog leg view
should always be including in any patient with suspected SCFE.

Figure 7.29 Septic arthritis of the hip. This toddler presented with
refusal to walk and left hip pain. Note the widened joint space of
the left hip compared with the right, indicating joint effusion and, in
this case, pus. Hip aspiration grew out Staphylococcus aureus in this
patient. If hip radiographs are equivocal, other imaging modalities
such as ultrasound, MRI, or bone scan are indicated.
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Plain Radiographs of the Pediatric Chest

Loren G. Yamamoto

INDICATIONS

Plain film radiographs of the chest ordered from the ED are indi-
cated in stable patients to provide contributory information in
the diagnostic process of health complaints potentially involving
the chest. The radiographic findings on plain film chest radio-
graphs are often nonspecific and/or subtle, but serve as a useful
screening measure to confirm or rule out the presence of various
chest conditions.

DIAGNOSTIC CAPABILITIES

Plain film radiographs contrast differences in the standard five
radiographic densities (metallic, calcific/bone, soft tissue/water,
fat, and air) to assist in the diagnostic process. The dominant
structures in the chest are the lungs (mostly air and soft tissue
densities) and the heart (soft tissue density). In a standard chest
x-ray (CXR), two basic views are generally obtained: the pos-
teroanterior (PA) view and the lateral view. In most instances,
these are both done with the patient upright. However, when
the child is very ill, upright positioning is often not feasible.
Although upright positioning in older children, teens, and adults
is easy to achieve in most instances, upright positioning in infants
and young children is difficult. Most imaging departments use
some type of positioning device to keep the infant in the upright
position with his or her arms up in the air for proper posi-
tioning. These devices are universally unpopular with parents,
but necessary to achieve proper positioning. Portable CXRs or
CXRs done in a supine position are generally anteroposterior
(AP; the x-ray beam approaches the patient from the anterior
to expose a film or sensing cartridge on the posterior side of
the patient). This is the opposite of the PA view. It is important
because the x-ray beam is not parallel. As the beam flares out
slightly, the heart size on an AP CXR will appear to be bigger
than the heart size on a PA CXR. The other issue is that the
measurement of structures will be distorted, depending on how
close it is to the x-ray beam. For example, an esophageal penny
will always measure bigger than it actually is. This might lead
the endoscopist to believe that he will recover 5 cents, when

at endoscopy he or she will be disappointed to recover only
1 cent.

A single AP view is often obtained in a critical care setting to
examine the lungs, and to confirm placement of the endotracheal
tube, central lines, and any other indwelling devices.

The CXR is generally taken during inhalation (inspiratory)
to maximize the air content of the lung. This increases the sen-
sitivity of identifying soft tissue or fluid density abnormalities
(e.g., infiltrates, atelectasis). Preferably, ten posterior ribs should
be visible on a good inspiration. A suboptimal inspiration will
result in a larger cardiac silhouette and greater accentuation of
normal lung markings.

An expiratory view (I prefer saying taken during “exhalation”
rather than “expiration” because the latter might imply that we
will wait until the patient expires) can be specially requested if
the possibility of air trapping (e.g., a bronchial foreign body) is
suspected. Unfortunately, expiratory views require timing, and
as with the inspiratory view, timing is not always perfect. My
personal preference is to obtain bilateral decubitus views instead.
Decubitus views (with the patient lying on his or her side) are
useful to look for air trapping and to see if a pleural effusion will
layer out.

IMAGING PITFALLS/LIMITATIONS

Interpreting plain film radiographs is similar to identifying an
object by examining only the shadow of the object. Unlike
advanced imaging methods (CT, ultrasound, MRI), plain film
radiographic abnormalities are often subtle. Serious pediatric
conditions are uncommon, which limits the cumulative exposure
of these findings, even for experienced clinicians. The subtlety of
these findings makes the identification of these important find-
ings more difficult. On a radiology service, most of the plain film
radiographs are normal or contain minor or obvious abnormal-
ities. The identification of subtle findings identifying important
and uncommon findings is best studied by viewing a collection
of these abnormalities, which would ordinarily take the average
clinician more than several career lifetimes to experience directly.
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CHEST CONTENTS AND DIAGNOSTIC
POSSIBILITIES

Lungs

Pneumonia, atelectasis, pulmonary edema, lung abscess, tuber-
culosis, pleural effusion/empyema, bronchial foreign bodies,
lobar emphysema, pneumothorax, respiratory distress syndrome
(of prematurity), pulmonary interstitial emphysema, chronic
lung disease, endotracheal tube placement, diaphragmatic her-
nia, pulmonary perfusion and congenital pulmonary vascular
malformations

Heart

Cardiomegaly, congestive heart failure, congenital heart disease,
myocarditis, pericarditis, pneumopericardium

Aorta

Aortic dissection, aortoesophageal syndrome, vascular ring/sling

Mediastinum

Pneumomediastinum, thymus enlargement, bronchogenic cyst,
mediastinal mass

Bones

Clavicle fractures, rib fractures, thoracic spine fractures, discitis,
osteopenia, osteomalacia, osteogenesis imperfecta

CLINICAL IMAGES

Figure 8.1. Bilateral central pulmonary infiltrates, most marked in the right middle and left lower lobes.
The left lower lobe infiltrate is best seen on the lateral view inferiorly over the spine. The lungs are
hyperaerated. Impression: right middle and left lower lobe infiltrates.

Figure 8.2. Consolidated left lung. This atelectasis results in a mediastinal shift to the left. Air bron-
chograms are evident over the left lung. On the original film, there is a suggestion of a 1.5-cm cylindrical
foreign body in the left mainstem bronchus (not seen in this image).
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Figure 8.3. Small interstitial central pulmonary infiltrates most consistent with a viral
pneumonia.

Figure 8.4. Small area of atelectasis in the right middle lobe. This is best seen on the lateral
view as an oblique flattened wedge-shaped density over the heart. Instead of appearing
in its normal triangular shape, the right middle lobe is flat and compressed, indicating
atelectasis.

Figure 8.5. Patchy infiltrate at the left lung base. This is seen on the lateral view obliquely
over the heart and on the PA view as haziness in the left lower lung. The prominence of
the right perihilar region is probably due to rotation. Note the asymmetry of the spinal
column and the ribs. This rotation exposes more of the right hilum in the radiograph,
making it appear more prominent.
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Figure 8.6. Infiltrates in the right middle and left lower lobes. The right middle lobe infiltrate is blurring the right
heart border. It can also be seen on the lateral view as streakiness over the heart. The left lower lobe infiltrate is
best seen on the lateral view posteriorly on the diaphragm. It can also be seen on the PA view as haziness in the
lower lung on the left. The infiltrate in the right middle lobe was noted 2 years ago on a previous radiograph, and
the possibility of a chronic infiltrate was raised.

Figure 8.7. Circular density in the right lung. This is the superior segment of the right lower lobe. Although this
has the appearance of a mass, it is most likely an infectious process. This is a spherical consolidation in the right
lower lobe (round pneumonia).
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Figure 8.8. Near-drowning victim. The lungs show haziness consistent
with pulmonary edema. Note the normal size of the heart, which sug-
gests that the pulmonary edema is noncardiogenic. If the pulmonary
edema was due to congestive heart failure, the heart would be enlarged.

Figure 8.9. Mass with a large air-fluid level within the right lung. This is a large pulmonary abscess.
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Figure 8.10. Infant with miliary tuberculosis. There are multiple small nodules throughout the lungs bilaterally.

Figure 8.11. Three-year-old who presented with acute symp-
toms. This CXR demonstrates a complete opacification of the
right hemithorax, with a shift of the mediastinal structures to
the left. This patient’s pulmonary etiology is also tuberculosis.

Figure 8.12. Large right pleural effusion in a 6 year old. This
patient had a previous CXR approximately 12 hours earlier that
did not show a pleural effusion. The patient is very ill, appearing
in respiratory distress. This rapid progression is highly sugges-
tive of pneumonia due to Staphylococcus aureus. The pleural
effusion is likely to be an empyema, requiring tube thoracos-
tomy drainage.
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Figure 8.13. CXR from a 9-year-old demonstrates an unusual con-
tour of both hemidiaphragms. Normally, the center of the hemidi-
aphragm is the highest portion of the diaphragm. However, in this
case, the highest portion of the hemidiaphragm is the lateral portion
of the diaphragm. This appearance is indicative of a pleural effusion.
Blunting of the costophrenic angles is the classic radiographic sign
of a pleural effusion.

Figure 8.14. Pleural effusions are better demonstrated by obtaining
lateral decubitus views, permitting the effusion to layer out. The
effusion on the right is much larger than the effusion on the left.

Figure 8.15. No infiltrates are noted. The right side is more lucent (darker) compared to the left. This
is subtle and may be difficult to appreciate unless you step back and view the CXR from a distance.
The right hemidiaphragm is slightly higher than the left hemidiaphragm; however, it should be higher
than this. Both findings suggest right-sided hyperexpansion. More clinical history through a translator
indicated that the patient was jumping on a bed while eating some food (believed to be meat), when
she began choking. Since then, she has experienced respiratory difficulty. Further radiographs revealed
bilateral air trapping. Bronchoscopy revealed bilateral bronchial peanut fragment foreign bodies.
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Figure 8.16. CXR from a 17 month old with a history of choking while eating a chocolate nut bar. This CXR
is highly suspicious for a bronchial foreign body. However, because it is nondiagnostic, expiratory and lateral
decubitus views are ordered.

Figure 8.17. Expiratory view from the same patient as in Figure 8.16.
Note that the PA views during inspiration (see Fig. 8.16) and exhalation
look roughly the same. Counting posterior ribs is a more objective way
of determining the degree of inflation. This figure suggests that bilateral
air trapping is present. However, an expiratory view is highly dependent
on the timing of the x-ray. If the x-ray is taken during inspiration but
labeled as “expiratory,” it will be substantially misleading.
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Figure 8.18. Bilateral lateral decubitus views. The appearance of the decubitus views does not rely on timing.
Gravity should permit the mediastinum to fall toward the dependent side. In both lateral decubitus views, the
mediastinum is exactly where it should be if the patient is upright. However, these views are abnormal because
the patient is sideways. Both lateral decubitus views confirm bilateral air trapping. Bilateral bronchial foreign
bodies were confirmed at bronchoscopy.

Figure 8.19. CXR of a 2-week-old male infant who presents with severe respiratory distress. This infant has
had some respiratory symptoms since coming home from the hospital, but he became much worse today.
At first, this CXR was believed to demonstrate a tension pneumothorax. The left hemithorax appears to be
pushing the mediastinum toward the right. However, on further consideration, a severe tension pneumothorax
of this magnitude should result in the patient being severely hypoxic and hypotensive. Although the patient was
hypoxic, his oxygen saturation is 100% while breathing supplemental oxygen. His blood pressure is normal, and
his visible perfusion is good. He does not appear to be deteriorating. In addition, the factors that usually lead to a
tension pneumothorax (positive-pressure ventilation or a penetrating chest wound) are not present. The CXR is
examined more closely for lung markings in the left hemithorax. There is some suggestion of lung markings, but
it is difficult to confirm. Because the patient is stable, a thoracentesis or a tube thoracostomy is not attempted.
This patient has congenital lobar emphysema of the left upper lobe. The left upper lobe is filling the entire left
hemithorax. The remainder of the left lung is compressed and is not easily visualized on the CXR. After the
emphysematous left upper lobe is removed surgically, the patient recovers well.
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Figure 8.20. A tall, slender teen presents with a 1-h history of pain in his chest and back occurring after lifting
his mother. He describes the pain as knifelike and nonradiating. His pain worsens with deep inspiration. This
CXR demonstrates how tall and slender he is. The lung fields appear to be hyperexpanded. However, lung
markings are visible all the way to the periphery. A repeat CXR done as an expiratory view to help accentuate
the pneumothorax reveals a small left apical pneumothorax (white arrow).

Figures 8.21 and 8.22. Hazy classic “ground-glass” (or “frosted glass”) appearance of neonatal respiratory distress syndrome (RDS). Both CXRs
show classic “air bronchograms.” Air bronchograms occur because the air-filled bronchi normally overlie the air-filled lungs, rendering them
invisible. However, because the RDS lungs have more fluid, the air-filled bronchi can be visualized. The denser the lungs are, the greater the
visibility of the air bronchograms. Chest x-rays are frequently obtained to confirm endotracheal tube (ETT) position. In Figure 8.21, the ETT
is high, and of the two vertical linear densities, the one on the patient’s right is an umbilical venous catheter in the liver, whereas the other is a
temperature probe wire on the patient’s chest. In Figure 8.22, the ETT is in good position, but note that there is a nasogastric tube in the esophagus
that is too high.
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Figure 8.23. Neonate with a right pneumothorax. Also note that both
lungs are very hazy with a speckled pattern of air. This appearance is due
to pulmonary interstitial emphysema (PIE), in which tiny amounts of
air have dissected into the lung parenchyma. PIE places the patient at
high risk of pneumothorax. The ETT is high, and the umbilical artery
catheter is at T7.

Figure 8.24. Diaphragmatic hernia. This figure shows the more com-
mon location on the patient’s left.

Figure 8.25. This diaphragmatic hernia shown is on the patient’s right
side (the less common side). This figure also shows a left pneumoth-
orax, although this might be difficult to see on this image.

Figure 8.26. Fourteen month old with a history of
extreme prematurity. This CXR shows chronic infil-
trates from bronchopulmonary dysplasia.
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Figure 8.27. Teen with a history of extreme prematurity and bron-
chopulmonary dysplasia. He has been hospitalized numerous times.
This CXR demonstrates severe bronchopulmonary dysplasia and
chronic lung disease with chronic infiltrates and focal areas of hyper-
expansion.

Figure 8.28. Seven week old with wheezing and coughing. This CXR
shows cardiomegaly. The lung fields look relatively clear, but some early
pulmonary vascular congestion might be present. Blood pressures were
significantly higher in the upper extremities compared to the lower
extremities. Echocardiography demonstrated aortic coarctation.

Figure 8.29. Two month old with a ventricular septal defect
(VSD). The cardiac silhouette is enlarged, and there is pul-
monary vascular congestion. This CXR also shows thymic apla-
sia (diGeorge syndrome).

Figure 8.30. Borderline cardiomegaly
with prominence of the right atrium and
increased pulmonary vascularity. There
are diffuse reticular markings fanning out
from the hilum that suggest pulmonary
venous congestion but are difficult to
distinguish from perihilar infiltrates.
These findings are suggestive of congen-
ital heart disease. An echocardiogram
confirmed cor triatriatum.
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Figure 8.31. Cardiomegaly and a distended abdomen. This pa-
tient has multiple intrahepatic hemangiomas, resulting in arte-
riovenous shunting and high-output congestive heart failure.

Figure 8.32. Six-month-old male infant presenting with wheezing and
cyanosis. A heart murmur was previously noted and believed to be an
isolated VSD. Administration of oxygen results in minimal improve-
ment in his oxygen saturation. This CXR show a normal heart size. The
lung fields look blacker than usual. Although this can sometimes be due
to variations in CXR acquisition techniques, coupled with this clinical
history suggestive of cyanotic congenital heart disease, it is likely that
these lung fields are consistent with pulmonary hypoperfusion. This
finding is seen in many of the cyanotic congenital heart disease condi-
tions because bypassing the pulmonary circulation is common to most
of these conditions. Plain film CXRs are not highly diagnostic in most
congenital heart disease cases. However, an assessment of pulmonary
perfusion is useful in establishing the diagnosis. The sudden change in
appearance from pink to cyanotic is suggestive of tetralogy of Fallot,
which was confirmed by echocardiography.

Figure 8.33. Circular calcification seen over the heart and in both PA and lateral views. This patient had
a history of Kawasaki disease complicated by coronary aneurysms. The circular calcifications are calcified
coronary aneurysms.
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Figure 8.34. The patient is on a ventilator and has suddenly deteri-
orated, suggesting a tension pneumothorax. There is a lucency visi-
ble surrounding the heart, representing air dissecting into the peri-
cardium, known as a pneumopericardium. Pneumopericardium is
usually a serious emergency because it results in sudden cardiac tam-
ponade. Immediate pericardiocentesis is required. This is a highly com-
plication prone procedure because it may lacerate the heart, and even
if it temporarily relieves the tamponade, more air will continue to
accumulate in the pericardial space, resulting in recurrent tampon-
ade. Because of reaccumulation of air, inserting a plastic catheter into
the pericardium using an catheter over needle or the Seldinger tech-
nique may be more effective in preventing reaccumulation of air and
tamponade. If a surgeon is immediately available, a pericardial window
procedure may be more efficacious immediately following pericardio-
centesis.

Figure 8.35. CXR from a 14 year old presenting with severe back,
chest, and abdominal pain. A family history of aortic dissection raises
suspicion that the aortic shadow might be widened. A CT scan confirms
aortic dissection.

Figure 8.36. Aortogram that shows the catheter tip at the aortic root. The aortic root is
irregular. Because contrast does not enter the carotid vessels, the catheter is presumed to
be in the false lumen of the aortic dissection, which is dilated at the aortic root. An imprint
of the brachiocephalic artery (a noncontrast-filled vessel impinging on the contrast-filled
false aortic lumen) is seen overlying the aorta.
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Figure 8.37. Esophageal coin. Although this is a very common prob-
lem, if the history suggests that the coin has been lodged in the esoph-
agus for a long time, there is a significant risk that the coin has
eroded through the esophagus. If the patient presents with hemop-
tysis, hematemesis, or melena, this suggests that the coin might have
eroded through the esophagus into one of the great vessels, such as
the vena cava or the aorta, known as aortoesophageal syndrome. If
the coin is removed, vena cava or aortic hemorrhage could result in
exsanguination and death. If aortoesophageal syndrome is suspected
(i.e., the integrity of the aorta or vena cava is in question), a cardio-
vascular surgery team should be standing by for immediate surgical
intervention should a perforation of a major vessel be present.

Figure 8.38. Six month old with a history of frequent wheezing episodes. The PA view shows clear lung fields.
The lateral view shows no infiltrates, but the tracheal air column is very narrow. From the hilum to the top of
the image, the tracheal diameter is narrow. With a history of frequent wheezing episodes in an infant, a narrow
tracheal diameter suggests the possibility of a congenital malformation involving the trachea. Possibilities include
intrinsic tracheomalacia or a tracheal malformation, or extrinsic compression on the trachea. An esophagram
(see Fig. 8.39) demonstrates a mass impinging on the esophagus. This is highly suggestive of a vascular ring with
a large vessel impinging on the esophagus and the trachea.

Figure 8.39. A vascular ring is a malformation in which a major vas-
cular structure surrounds the esophagus and the trachea, compressing
both structures. This is a diagram of a double aortic arch, which is
one of the common vascular rings. In the double aortic arch, the aorta
passes over both the left and the right mainstem bronchi. The vascular
ring structure compresses the esophagus and the trachea.
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Figure 8.40. Diagram of a right-sided aortic arch with an
anomalous left subclavian vein. The “ring” is formed by the
right-sided aorta, the ligamentum arteriosum (formerly the
ductus arteriosus), and the pulmonary arteries.

Figures 8.41 (left) and 42. (right). Figures 8.41 diagrams the normal left-sided aortic arch (i.e., the aorta arches over the left mainstem bronchus).
Figures 8.42 diagrams the phenomenon of tracheal deviation. In the normal left-sided aortic arch, the distal trachea is deviated slightly to the
right. This is sometimes evident on the PA view of a CXR. However, in a right-sided aortic arch, the distal trachea will often deviate to the left.
This is an abnormal sign and should suggest a right-sided aortic arch. However, if the malformation is a double-sided aortic arch, then the trachea
will be midline, which is not necessarily abnormal. In summary, the abnormal plain chest radiographic findings that suggest a vascular ring are a
narrow tracheal shadow (suggesting tracheal compression) and deviation of the distal trachea to the left (if a right-sided aortic arch is present)
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Figure 8.43. Fifteen month old who swallowed a coin. This CXR identifies the coin in the upper esophagus.
However, note that on the lateral view, the tracheal air column is compressed. Although this could be due to the
coin, the patient’s history of chronic recurrent respiratory symptoms suggests a chronic condition. This patient
also turned out to have a vascular ring.

Figure 8.44. Pneumomediastinum. There are vertical air densities in the neck (subcutaneous emphysema). The lateral view reveals double outlining
of the trachea. Normally, the tracheal air column is visible as a single air column. However, in the lateral view, the wall of the trachea has separate
air outlines. This indicates air dissecting around the trachea. Additional air densities are noted in lower anterior chest (anterior to the heart).
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Figure 8.45. Same CXR as Figure 8.44, with arrows pointing at these abnormalities.

Figure 8.46. Teen presenting with chest pain who admits to substance abuse. The PA view shows vertical air densities in the upper
mediastinum and neck. There is a triangular air density on the left aspect of the patient’s aortic arch. This is due to air in the
mediastinum that accentuates the aorta and the pulmonary arteries. The lateral view reveals a double outline of the tracheal air
shadow similar to what is shown in Figures 8.44 and 8.45. Also visible are air densities in the anterior mediastinum (in the region
of the thymus). Patients at risk of pulmonary air leaks (e.g., pneumomediastinum) often have a history of increasing intrathoracic
pressure. Carrying something heavy, playing a musical instrument (e.g., the trombone), or inhaling illicit drugs (accompanied by a
Valsalva) all result in increasing intrathoracic pressure.
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Figure 8.47. CXR from a newborn that is diagnosed with a VSD in the nursery. He presents
a few days later with a seizure. The cardiac silhouette is enlarged (consistent with a VSD with
mild congestive heart failure). The other significant radiographic abnormality is the absence of
a thymic shadow, suggesting thymic aplasia. The “seizure” is found to be due to hypocalcemia
(tetany). This patient has DiGeorge syndrome (thymic aplasia with hypoparathyroidism).

Figure 8.48. Two newborn CXRs with prominent thymic shadows, which is what is normally
seen. Note that the upper mediastinum in Figure 8.47 shows a thin upper mediastinum.

Figure 8.49. Normal lateral CXR. The mediastinum (black
arrows) is normally filled with solid tissue (the normal
prominent thymus) in the newborn. Note that in Figure
8.47 the lateral view shows lung tissue density. This is the
normal pattern in older children, teens, and adults, but
newborns should have a thymus in this area as seen in this
figure.



Plain Radiographs of the Pediatric Chest 149

Figure 8.50. Density in the right upper chest is partially the usual prominent thymus for this age. The thymic
shadow is larger on the infant’s right than on his left. There is a density in the right upper lobe, but it is obscured
by the thymus. Part of this density appears to be from the scapula, but on close inspection, there are densities
suggesting infiltrates aside from the thymus and the scapula in the right upper lobe. This pneumonia is partially
obscured by the thymus and the scapula.

Figure 8.51. Ten-month-old male infant presenting with wheezing and coughing. He has a history of wheezing episodes. The PA view demonstrates
decreased pulmonary vascularity and hyperlucency of the left lung. The right lung demonstrates increased pulmonary vascularity. The lateral view
demonstrates a mass effect posterior to the lower portion of the trachea, which compresses and bows the trachea anteriorly, with considerable
narrowing of the inferior portion. These findings are suspicious for a large mediastinal mass that is compressing the lower trachea and mainstem
bronchus, causing obstructive emphysema of the left lung and decreased perfusion of this lung. A barium esophagram is ordered.
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Figures 8.52 (above) and 53 (below left). Figure 8.52 is a barium study.
The esophagus is displaced laterally, as seen on the AP view. The lateral
views demonstrate the mass located between the trachea (the tracheal
air column is compressed and displaced anteriorly) and the barium-
filled esophagus (which is displaced posteriorly). A CT scan of the chest
confirms the presence of a mediastinal mass identified as a bronchogenic
cyst (Fig. 8.53).
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Figure 8.54. Eight-year-old boy presenting with fever. He is noted to have focal tenderness in his upper thoracic spine on exam. The two images on
the left show AP and lateral thoracic spine views. Note the narrowed intervertebral space at the tracheal bifurcation. This is not easily appreciated on
the lateral view. The pair of images on the right are enlargements of this area, and in both the PA and lateral views, intervertebral space narrowing
is evident. These findings are consistent with discitis.

Figure 8.55. Three-month-old male infant presenting with respiratory distress. He has a history of osteogenesis
imperfecta diagnosed in the newborn period. This CXR shows severe osteopenia, multiple healing rib fractures
(the bulbous deformities of the ribs), and severe irregularities of the vertebral column. There are multiple
types of osteogenesis imperfecta. Most of the types diagnosed in the newborn period demonstrate multiple
fractures and obvious severe osteopenia. The severe type is usually autosomal recessive and not compatible with
long-term survival. The more occult types of osteogenesis imperfecta are autosomal dominant (so a positive
family history of frequent fractures is usually present unless the patient is a new mutation) and not obviously
osteopenic, yet the history suggests a greater-than-expected frequency of fractures.
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Figure 8.56. Patient’s upper extremities, which demonstrate severe
osteopenia and multiple fractures with the classic “crumpled” appear-
ance of the long bones.

Figure 8.57. Patient’s lower extremities, which demonstrate severe osteopenia and multiple fractures with the
classic “crumpled” appearance of the long bones.
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Plain Film Radiographs of the Pediatric Abdomen

Loren G. Yamamoto

INDICATIONS

Plain film radiographs of the pediatric abdomen ordered from
the ED are indicated in stable patients to provide contribu-
tory information in the diagnostic process of abdominal health
complaints. The radiographic findings on plain film abdominal
radiographs are often nonspecific and/or subtle.

DIAGNOSTIC CAPABILITIES

Plain film radiographs contrast differences in the standard five
radiographic densities (metallic, calcific/bone, soft tissue/water,
fat, and air) to assist in the diagnostic process. In an “abdominal
series,” two basic views are generally obtained: flat (supine) and
upright (erect). Other views include a prone view and an antero-
posterior (AP) view of the chest. Occasionally, a single view is
obtained to look for metallic foreign bodies, calcific urolithiasis,
or other specific indications. The term “KUB” (kidney-ureter-
bladder) is often used to order abdominal radiographs, but it
should be avoided because it is ambiguous as to whether one
view or multiple views are desired. The standard upright view
is useful to see the abdomen in general. It should be noted that
gravity will make the liver and the spleen appear larger on this
view than on the flat (supine) view. Air-fluid levels can only be
viewed on the upright view because the air-fluid interface will be
parallel with the x-ray beam. Free air is best viewed on the upright
view because it has a tendency to collect under the diaphragm
when the patient is upright. The flat view is useful to confirm
the location of any suspicious findings. Soft tissue structures that
were obliterated by overlying gas on the upright will be easier to
see on the flat view because the gas will be layered perpendicular
to the x-ray beam.

IMAGING PITFALLS/LIMITATIONS

Interpreting plain film radiographs is similar to identifying an
object by examining only the shadow of the object. Unlike
advanced imaging methods (CT, ultrasound, MRI), plain film
radiographic abnormalities are subtle and uncommon. Serious
pediatric conditions are uncommon, which limits the cumulative
exposure of these findings even for experienced clinicians. The

subtlety of these findings makes the identification of these impor-
tant findings more difficult. On a radiology service, most of the
plain film radiographs are normal or contain minor or obvious
abnormalities. The identification of subtle findings identifying
important and uncommon findings is best studied by viewing
a collection of these abnormalities, which would ordinarily take
the average clinician more than several career lifetimes to expe-
rience directly.

ABD OMINAL CONTENTS AND DIAGNOSTIC
POSSIBILITIES:

Bowel: Ileus, bowel obstruction, midgut volvulus, bowel perfora-
tion, appendicitis, intussusception, pneumatosis intestinalis,
foreign bodies

Liver: Abscess, intrahepatic air, hepatomegaly
Pancreas: Difficult to image with plain film radiographs; calci-

fication might be evident
Spleen: Splenomegaly
Kidneys: Renolithiasis, staghorn calculus, ureterolithiasis
Bladder: Distended/dilated bladder, ruptured bladder
Peritoneum: Free air, neoplastic mass, abscess
Bones: Hip dysplasia, hip effusion, other hip pathology,

leukemia, lymphoma, extramedullary hematopoiesis, frac-
tures, dysplasia, osteopenia, osteomalacia, osteogenesis
imperfecta, bony neoplasms

Muscles: Intramuscular abscesses, muscular calcification
Lungs (often overlooked): Lower lobe pneumonia, pleural effu-

sion
Female reproductive tract: Most commonly, nondiagnostic

using plain film radiographs

CLINICAL IMAGES

Ileus versus Bowel Obstruction

There are several criteria that have been proposed to distinguish
an ileus from a bowel obstruction. The term “ileus” means var-
ious things to different people (e.g., radiologist vs. gastroen-
terologist). However, the common feature is that suboptimal
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Figure 9.1.

A B

Figure 9.3.

peristalsis results in radiographic abnormalities. An abdomi-
nal series is often obtained in patients with abdominal pain or
patients who are vomiting. This is the most likely scenario in
which an ileus is encountered.

The criteria for distinguishing a bowel obstruction from an
ileus include roughly four findings. Because two of the findings
are similar, some have suggested simplifying these to only three
findings. However, for this discussion, all four are discussed:

1. Gas distribution. Does the gas pattern show distribution in
all four quadrants of the abdomen? Is the overall quantity
of gas best characterized as too much, just right, or too little
(paucity). An example of “just right” is seen in Figure 9.1. A
paucity of gas suggests a bowel obstruction, as seen in Figure
9.2. Too much gas can be normal in crying infants as long
as the bowel is not distended, as seen in Figure 9.3. Thus,
only a paucity of gas should be regarded as a positive finding
toward a bowel obstruction.

2. Bowel distention. Because children come in different sizes,
measuring the diameter of the bowel does not result in
reliable criteria. In normal bowel, the plicae in the small
bowel and the haustra in the large bowel result in the nor-
mal bowel shape that is best characterized as irregular. This
has also been described as resembling “popcorn,” especially
the small bowel, as seen in Figure 9.3. However, when the
bowel is distended, its walls become smooth, such that the
bowel resembles smooth “sausages” or “hoses,” as seen in
Figure 9.4. Distended bowel loses the irregularities of the

A B

Figure 9.2.

A B

Figure 9.4.

bowel shape caused by plications and haustrations so that
the bowel looks smooth, resembling sausages and hoses. In
children, the bowel distention feature is based on appearance
and not diameter.

3. Air-fluid levels. Air-fluid levels are only seen on the upright
view. An ileus tends to have multiple small air-fluid lev-
els, whereas a bowel obstruction tends to have larger loops
with J-turns (also known as hairpin turns and candy cane
loops). The J-turn phenomenon is most indicative of a bowel
obstruction, when you can identify two separate air-fluid lev-
els in the same loop of bowel. Note the difference in Figure
9.5, where there are multiple small air-fluid levels, and com-
pare this to Figure 9.6 (same x-ray as Fig. 9.2), which has large
distended loops and visible air-fluid levels (two of which can
be seen in the same contiguous loop of bowel). The white
lines in Figure 9.6 show the two air-fluid levels in the same
loop of bowel. The black lines in Figure 9.6 show the two
air-fluid levels in another loop of bowel. Review Figure 9.2
to see this x-ray without the lines.

4. Orderliness. This is really a combination of the features
described in items 2 and 3, which is why this might not be a
characteristic by itself. This term is vague, but it is meant to
describe whether there is a random or disorderly appearance
of the bowel gas on a flat (supine) view versus an orderly view.
The “random” or “disorderly” appearance is best described
as a bag of popcorn (Fig. 9.3). The “orderly” appearance has
been described as a “step ladder,” but a better description is
a “bag of sausages,” as seen in Figure 9.4. Look at Figure 9.3.
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Figure 9.5.

Does it look like popcorn (Fig. 9.7) or sausages (Fig. 9.8)?
Look at Figure 9.4. Does it look like popcorn (Fig. 9.7) or
sausages (Fig. 9.8)?

A bowel obstruction can present radiographically as a paucity
of gas or a lot of gas. The differential diagnosis of a bowel
obstruction can be remembered with the mnemonic AIM,
actually double AIM, or A-A-I-I-M-M (Adhesions, Appen-
dicitis, Incarcerated hernia, Intussusception, Malrotation [with
midgut volvulus], and Meckel’s diverticulum [with a volvulus or
intussusception]). It should be noted that nonbowel obstruction
x-rays do not necessarily represent a benign diagnosis. Although
an ileus picture is most often seen with gastroenteritis, more seri-
ous diagnoses can still be present, the most common of which is
appendicitis.

Applying these four criteria to the x-rays that have been pre-
sented so far yields the following diagnosis:

Figure 9.1
Gas distribution: unremarkable. The flat view does not have

much gas in the central portion of the abdomen, but the upright
view looks better.

Bowel distention: none. No smooth bowel walls.
Air-fluid levels: none.

Figure 9.7.

A B

Figure 9.6.

Orderliness: disorderly like popcorn rather than orderly
sausages.

Bowel obstruction: no.

Figure 9.2
Gas distribution: best described as a paucity of gas.
Bowel distention: the few bowel segments that are seen are

very smooth. The bowel walls resemble short hoses. Abnormal
bowel distention is present.

Air-fluid levels: at first glance, this might not be obvious,
but see Figure 9.6, which is the same x-ray, with white and black
lines drawn in. Note that these air-fluid levels are suggestive of
an obstruction because two air-fluid levels are seen in the same
segment of bowel (the J-turn, hairpin, or candy cane loop).

Orderliness: orderly. Looks more like sausages than popcorn.
Bowel obstruction: yes.

Figure 9.3
Gas distribution: a lot of gas in all parts of the bowel.
Bowel distention: although a lot of gas is present, there are no

smooth segments that would suggest abnormal bowel distention.
Air-fluid levels: none.
Orderliness: disorderly. Looks more like popcorn than

sausages.
Bowel obstruction: no.

Figure 9.8.
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Figure 9.4
Gas distribution: gas in all four quadrants.
Bowel distention: yes. The bowel walls are smooth (resem-

bling hoses or sausages).
Air-fluid levels: yes. If you carefully follow the bowel loops, at

least one and probably two loops of bowel contain two air-fluid
levels within the same bowel loop.

Orderliness: orderly. Looks more like sausages than popcorn.
Bowel obstruction: yes.

Figure 9.5
Gas distribution: gas in all four quadrants, although there is

less gas than average.
Bowel distention: although there is one segment in which

the diameter of the bowel is large, there is no segment that has
smooth bowel walls resembling hoses or sausages.

Air-fluid levels: many air fluid levels, but note that they are
all small and none can be clearly identified to be in the same
bowel loop (no J-turn or candy cane phenomenon).

Orderliness: questionable. The flat view looks somewhat
orderly, but the upright view looks disorderly. The flat view is
best for determining this, which leans us toward orderliness.

Bowel obstruction: no. This is more likely to be an ileus
associated with gastroenteritis. The multiple small air-fluid levels
are typical, and the other bowel obstruction findings are not
present. The orderliness criterion is indeterminate.

Figure 9.6
Large distended loops of bowel with visible air-fluid levels

(two of which can be seen in the same contiguous loop of bowel).
The white lines in this figure show the two air-fluid levels in the
same loop of bowel. The black lines in this figure show the two
air-fluid levels in the another loop of bowel. Figure 9.2 shows
this same x-ray without the lines drawn in.

Figure 9.7
Example of popcorn. It may be helpful to think of this image

when assessing an abdominal film for a normal bowel gas appear-
ance.

Figure 9.8
Example of sausages. It may be helpful to think of this image

when considering a small bowel obstruction.

Figure 9.9
Gas distribution: a lot of gas in all four quadrants.

A B

Figure 9.9.

Bowel distention: possible, but not probable. The popcorn-
like appearance is preserved so that, in most instances, the bowel
is not distended. Bowel in the left lower quadrant (LLQ) might
be smooth for a short segment, but the haustra appear to be
preserved.

Air-fluid levels: no.
Orderliness: disorderly. Looks more like popcorn than

sausages.
Bowel obstruction: no.

Figure 9.10
Gas distribution: a lot of gas in all four quadrants.
Bowel distention: possible, but not probable. In some areas,

the bowel diameter is large, but this is not the criterion to deter-
mine bowel distention in children. Bowel distention is confirmed
when the bowel walls are smooth (like hoses and sausages).

Air-fluid levels: many air fluid levels, but note that they are
all small and none can be clearly identified to be in the same
bowel loop (no J-turn or candy cane phenomenon).

Orderliness: disorderly. Looks more like popcorn than
sausages.

Bowel obstruction: no.

Figure 9.11
Gas distribution: a moderate amount of gas in most of the

abdomen, except for the LLQ.
Bowel distention: no.
Air-fluid levels: no.
Orderliness: disorderly. Does not look like popcorn probably

because the amount of gas is diminished.
Bowel obstruction: no.
The diagnosis is colitis. Note the transverse colon (mostly

in the left upper quadrant [LUQ] of the flat view) has a finding
described as thumbprinting. These indentations in the colon are
found in colitis.

Figure 9.12
Gas distribution: limited to the upper quadrants. Not much

gas in the lower quadrants. The upright view has gas limited to
the LUQ.

Bowel distention: yes. The bowel walls are smooth. This looks
like a twin pack of sausages.

Air-fluid levels: no.
Orderliness: orderly. Looks more like sausages than popcorn.
Bowel obstruction: yes.

A B

Figure 9.10.
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Figure 9.11.

Figure 9.13
Gas distribution: gas is distributed in most of the abdomen

except for the LLQ.
Bowel distention: no.
Air-fluid levels: no.
Orderliness: disorderly. Looks more like popcorn than

sausages.
Bowel obstruction: no.
Did you notice the circular appendicolith in the right lower

quadrant (RLQ)? This patient has appendicitis.

Figure 9.14
X-ray from a newborn. One of the concerns with newborns,

neonates, or very young infants is that they might have a con-
genital malformation that has yet to reveal itself. The left image
is a flat view, whereas the right image has contrast in the lower
bowel.

Gas distribution: poor. There are four large bubbles of gas,
and the rest of the abdomen is fairly gasless. This should be
regarded as a poor gas distribution, suggesting a bowel obstruc-
tion.

Bowel distention: probably, but not definite. Considering
that the large gas collection on the right is unlikely to be the
stomach, it is too large to be normal nondistended bowel.

Air-fluid levels: no.
Orderliness: orderly. This clearly does not resemble popcorn

or sausages, but it is orderly and not random or disorderly.
Bowel obstruction: yes.
The contrast enema on the right shows a microcolon indi-

cating the absence of bowel contents passing to the colon during

A B

Figure 9.13.

A B

Figure 9.12.

gestation. In a proximal small bowel obstruction, a microcolon
is usually not present. The presence of a microcolon suggests that
the distal small bowel is also atretic.

Midgut Volvulus and Malrotation

The term “volvulus” by itself is used imprecisely in this condition.
A sigmoid volvulus (due to redundant sigmoid bowel) occurs
more often in elderly patients (Fig. 9.15), whereas a midgut
volvulus is a true surgical emergency. The proper term is “midgut
volvulus.” The small bowel is lengthy, and it is amazing that it
does not twist on itself more often. A normal bowel configura-
tion suspends the small bowel to the posterior abdominal wall via
broad mesenteric attachments. Figure 9.16 depicts this schemat-
ically. With this configuration, it is very difficult for the bowel to
twist and infarct itself. However, in the malrotation configura-
tion, as shown in Figure 9.17, the small bowel is not suspended
by a broad mesenteric attachment, but rather a stalk of mesen-
tery. The term “malrotation” places emphasis on the embryology
of this malformation, seemingly reducing the importance of its
clinical consequences. The malrotation malformation shown in
Figure 9.17 should be renamed as “guts on a stalk” syndrome
to refocus attention on the clinical consequence of this mal-
formation. Guts on a stalk are prone to twisting as a “midgut
volvulus” (illustrated in Fig. 9.18). A midgut volvulus is poten-
tially catastrophic and is a true surgical emergency. The midgut
volvulus involves the entire small bowel, and if surgical reduc-
tion is delayed, the entire small bowel will undergo necrosis. It
is imperative to make this diagnosis as soon as possible and to
arrange for immediate surgical reduction to restore bowel per-
fusion.

A B

Figure 9.14.
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Figure 9.15. Figure 9.16. Figure 9.17. Figure 9.18.

Ladd’s bands can also cause a bowel obstruction in malrota-
tion. In Figure 9.17, the mesenteric attachment (the stalk in the
LUQ) can compress the duodenum as it descends. This compres-
sion can also result in a high bowel obstruction. However, this
does not compromise blood flow, and it is not nearly as emergent
and serious as a midgut volvulus.

Patients born with a malformation (guts on a stalk) are likely
to sustain a malrotation at some point in their lives. Roughly 50%
of malrotation patients will present with a midgut volvulus in the
neonatal period. Most of the others will present in the pediatric
age range. However, it is possible that a malrotation will not
undergo a midgut volvulus until later in life. A midgut volvulus
emergency should be immediately suspected in any neonate with
bilious vomiting. The diagnosis of midgut volvulus is much more
difficult to make in older children because the level of suspicion
is lower.

Figures 9.19 and 9.20 show plain film x-rays of neonates
with a midgut volvulus. In Figure 9.19, the x-ray is totally
gasless. Coupled with a history of bilious vomiting, a gasless
abdominal x-ray should prompt an immediate surgical consul-
tation for a suspected midgut volvulus. In Figure 9.20, the x-ray
gas pattern is fairly normal. Despite this, bilious vomiting in a
neonate should still raise the suspicion of a midgut volvulus. An
advanced imaging study is indicated to check for this possibil-
ity because of the emergent time-dependent nature of a midgut
volvulus.

Figure 9.19. Figure 9.20.

Figure 9.21 is an abdominal series of a 3-month-old infant
presenting with bilious vomiting. Although not a neonate, the
infant is still very young, and bilious emesis should immediately
raise the suspicion of a midgut volvulus. Figure 9.21 shows poor
gas distribution. Most of the gas is trapped in the stomach, sug-
gesting a high bowel obstruction. The small amount of residual
gas in the LLQ should not be reassuring because this infant had
been doing well for 3 months (plenty of time to feed, excrete
stool, and form normal amounts of gas in the colon) prior to
a midgut volvulus. This x-ray should be highly suspicious for a
bowel obstruction. Although intussusception might also be pos-
sible, it generally obstructs in the ileocecal region (i.e., much
lower). The dilated stomach seen here suggests a high obstruc-
tion, such as a midgut volvulus.

In Figure 9.22, a nasogastric tube has been placed, and
thin barium has been administered into the stomach. Note the
corkscrew appearance of the small bowel as the barium exits the
stomach (black arrow). The corkscrew of the barium is the twist
of the midgut volvulus, as illustrated in Figure 9.23. If the gastric
contrast is unable to exit the stomach, the image will result in an
abrupt halt of the advancing contrast. This “beak” appearance
is indicative of a midgut volvulus. Thin contrast such as thin
barium or water-soluble contrast is more likely to demonstrate
the corkscrew appearance in Figures 9.22 and 9.23.

Figures 9.24 and 9.25 are an abdominal series from a 7-year-
old girl presenting with vomiting and abdominal pain of sudden

A B

Figure 9.21.
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Figure 9.22.

onset. Figure 9.24 is the flat view. Figure 9.25 is a later decubitus
view because the patient was too ill to stand.

In both figures, the distribution of gas is very asymmet-
ric, with dilated bowel in the left and almost no bowel on the
right. The lateral decubitus view demonstrates some air-fluid
level in the same bowel loop (J-turn), which is highly sugges-
tive of a bowel obstruction. This patient was diagnosed with a
midgut volvulus due to malrotation. This patient’s past history
is interesting in that she had periodically complained of inter-
mittent abdominal pain, as well as vomiting and dehydration
that resolved. In a patient with a malrotation, the midgut could
undergo a volvulus at any time (guts on a stalk). As the volvulus
initiates its first twist, there is roughly an even chance of twisting

Figure 9.24.

Figure 9.23.

further (getting tighter) or untwisting itself. This twisting and
untwisting result in “intermittent volvulus,” which presents with
pain and vomiting that resolves on its own. Patients with such a
history should be imaged to determine if they have a malrotation
that is intermittently twisting.

When a patient presents with severe acute symptoms, an
imaging strategy should focus on confirming the presence of
a midgut volvulus. However, if the patient is well on presen-
tation but gives a history of intermittent symptoms that sug-
gest the possibility of an intermittent volvulus, then the imaging
strategy should focus on confirming the presence of a malrota-
tion. The best test to confirm the presence of a malrotation is an
upper GI series. As noted in Figure 9.16, the upper GI series will
demonstrate contrast passing from the stomach into the duode-
num. The duodenum crosses the midline from right to left. It is
suspended on the left by the ligament of Treitz. In a malrotation,
as diagrammed in Figure 9.17, the duodenum fails to cross the
midline from right to left. This confirms the presence of a malro-
tation. A contrast enema can potentially identify a malrotation
if the cecum is misplaced. However, in viewing Figure 9.17, it
is possible for the cecum to be in the mid right abdomen, or

Figure 9.25.
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Figure 9.26. RLQ close-up RLQ appendicolith

even the RLQ. If the cecum is floating and just happens to be
in the correct location when the contrast enema is performed,
it will fail to identify the malrotation. An abdominal ultrasound
can also demonstrate a malrotation by examining the vascular
supply of the bowel. However, the best imaging study to identify
a malrotation is the upper GI series.

Appendicitis

Appendicitis is common. Roughly half of the patients with
appendicitis will have an atypical presentation in which the diag-
nosis will be extremely difficult to establish clinically. Plain film

radiographs have a limited role in diagnosing appendicitis. CT
scans and ultrasounds are more advanced imaging modalities
that are better suited to confirming the diagnosis of appendicitis.

The best known plain film sign of appendicitis is the presence
of an appendicolith (sometimes called a fecalith). This radio-
graphic sign is uncommon in acute appendicitis, but when it is
present, it is highly suggestive of acute appendicitis. Because it is
uncommon, most clinicians will encounter only a few appendi-
coliths in their career. Appendicoliths are generally in the RLQ
of the abdomen, but their shape and appearance are highly vari-
able. Figures 9.26 through 9.41 show a series of different appendi-
coliths.

C D E F

A B

Figure 9.27. RLQ close-up RLQ appendicolith

A B E FC D

Figure 9.28. RLQ close-up RLQ appendicoliths
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Figure 9.29. RLQ close-up RLQ appendicolith
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Figure 9.30. RLQ close-up RLQ appendicolith

E FC DA B

Figure 9.31. RLQ close-up RLQ appendicolith

A B C

Figure 9.32. RLQ close-up RLQ appendicolith
This case shows an x-ray of the appendix specimen that was removed at appendectomy.
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Figure 9.33. RLQ close-up RLQ appendicolith

E FC DA B

Figure 9.34. RLQ close-up RLQ appendicolith
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Figure 9.35. RLQ close-up RLQ appendicolith

A B C

Figure 9.36. RLQ close-up RLQ appendicolith
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Figure 9.37. RLQ close-up RLQ appendicolith
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Figure 9.38. RLQ close-up RLQ appendicolith

E FA B C D

Figure 9.39. RLQ close-up RLQ appendicolith

C DA B E F

Figure 9.40. RLQ close-up RLQ appendicolith

A B C D

Figure 9.41. RLQ close-up RLQ appendicolith.



164 Loren G. Yamamoto

A B C

Figure 9.42. A 4-year-old child presents with signs and symptoms suggestive of appendicitis.

This abdominal series shows diffuse gaseous distention of
the colon and small bowel compatible with an ileus or an early
obstruction. The distribution of gas is good. No free air is vis-
ible under the diaphragm. No appendicolith is visible. Com-
pare the radiographic appearance of the LLQ with the RLQ.
Can you appreciate any differences? Look at the peritoneal fat
stripe on the left and on the right. The bowel should generally
lie very close to this fat stripe (white arrows), which is what is
seen on the patient’s left (right on image), but note that this
is not the case on the patient’s right (left on image). In the
RLQ, the bowel is about 1 cm from the peritoneal fat stripe.
In the LLQ, the bowel is about 1 to 2 mm from the fat stripe.
This can be best visualized in the magnified focused view of
the lower abdomen. Look at the peritoneal fat stripes on both
sides just above the iliac crests (white arrows). Note that on the
patient’s left, there is a very narrow space between the fat stripe
and the bowel. However, on the patient’s right, the bowel is far-
ther away from the fat stripe, suggesting that there is fluid, a mass,
or thickened tissue pushing the bowel aside. There is a small gas
pocket that does not appear to be within the bowel (black arrow).
These findings together are highly suggestive of a ruptured
appendix.

A B

Figure 9.43.

Intussusception

Most cases of intussusception occur in infants, but toddlers can
be affected as well. Intussusception most often occurs in the ileo-
cecal region. Plain film radiographs can be highly diagnostic of
intussusception. Unfortunately, some patients with intussuscep-
tion will have normal abdominal radiographs. It is generally not
possible to rule out intussusception on plain film radiographs in
most instances, although it is occasionally possible to conclude
that ileocecal intussusception is not present if the ascending colon
is conclusively filled with air or stool.

As a brief summary, the radiograph signs of intussusception
are the target sign, the crescent sign, absence of the subhepatic
angle, a bowel obstruction, and an RLQ mass effect.

Figure 9.43 illustrates the target sign and the crescent sign.
The target sign is always found in the right upper quadrant
(RUQ). It is due to alternating layers of fat and bowel. It resembles
a donut with the center hole still filled in. It is very faint at best. To
identify the target sign, one must search for it. If the target sign
is identified, the likelihood of intussusception is extremely high.

The crescent sign occurs if the intussusceptum (the lead-
ing point of the intussusception) is protruding into a gas-filled



Plain Film Radiographs of the Pediatric Abdomen 165

A B

Figure 9.44.

pocket. If the gas pocket is large, the shape might not look like a
crescent sign. This should more accurately be called the “intus-
susceptum protruding into a gas-filled pocket sign,” but this is
too difficult to say. The direction of the crescent sign (i.e., the
point of the intussusceptum) must point in the proper direction,
depending on where in the colon it is found. In other words, it
must point superiorly in the ascending colon, to the left in the
transverse colon, and inferiorly in the descending colon. If the
direction of the crescent is reversed, it is more likely that this
is not a true crescent sign. If the crescent sign is identified, the
likelihood of intussusception is very high.

Other signs of intussusception are the absence of the sub-
hepatic angle, a bowel obstruction, and an RLQ mass effect. This
simply means that the liver edge is not seen. Because intussus-
ception usually occurs in the ileocecal region, the bowel in the
RLQ, and potentially the RUQ, will become more edematous,
thus obliterating the normal interface of the liver edge with gas-

filled bowel. This is a less specific sign of intussusception. A target
sign will almost always obscure the liver edge because the target
sign is always in the RUQ, as seen in Figure 9.43. An RLQ mass
effect is seen because of the edema of the intussusception. In
Figure 9.43, there is no gas present in the RTQ suggestive of a
mass effect.

In Figure 9.44, the target and crescent signs are again visible.
This figure might actually have two target signs; one is circled,
and the other is above this to the right of the spine. A crescent
sign is also present in the LUQ. This x-ray is diagnostic of intus-
susception.

In Figure 9.45, a crescent sign is present. However, in this
case, the crescent sign is not crescent shaped. Note the intussus-
ceptum protruding superiorly into a gas-filled transverse colon
at the hepatic flexure. This is why this phenomenon should more
accurately be called the “intussusceptum protruding into a gas-
filled pocket sign.”

A B

Figure 9.45.
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Figure 9.46.

In Figure 9.46, a bowel obstruction is present based on the
criteria reviewed in the first part of the chapter. Note that the
few air-fluid levels seen are in the same loop of bowel, which is
highly suspicious of a bowel obstruction. The circled area shows
a target sign, but it is not as obvious because some bowel loops
overlie the target sign. In infants and very young children, bowel
obstructions in intussusception tend to be shown on x-ray by a
paucity of gas rather than a lot of gas obstructing the bowel.

In Figure 9.47, a target sign is present in the RUQ. The gas dis-
tribution is poor. The air-fluid levels are not obviously indicative

of an obstruction as in the previous case, but following the bowel
loops indicates that there are air-fluid levels in the same loop of
bowel in the LUQ. With the target sign and the paucity of gas
bowel obstruction, this is highly indicative of intussusception.

Figure 9.48 demonstrates a very questionable target sign,
but the more you stare at the RUQ, the more obvious the target
becomes. Even if you cannot imagine a target there, you should
be able to appreciate a circular mass effect in the RUQ. This target
sign, along with the poor gas distribution, is highly suggestive of
intussusception.

A B C D

Figure 9.47.

A B C D

Figure 9.48.
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Figure 9.49.

In Figure 9.49, a RUQ target sign is present. The bowel
walls are smooth and hoselike, indicating bowel distention.
These two findings are highly suggestive of intussuscep-
tion.

Figure 9.50 shows a subtle target sign in the RUQ on three
different views of the same patient.

Figure 9.51. shows a target sign in the right middle portion
of the abdomen, and a crescent sign in the LUQ. Again, the cres-
cent sign is not crescent shaped because the gas-filled pocket is
large.

Figure 9.52 shows a suspicious bowel gas patter in the RUQ.
The upright view further demonstrates a suspicious target sign.

Figure 9.53 demonstrates a target sign in the RUQ and a
crescent sign in the LUQ.

Figure 9.54 demonstrates a target sign in the RUQ. Although
this might not clearly look like a target, it represents the same
phenomenon in that intussuscepting bowel is forming a mass of
soft tissue alternating with fat tissue densities.

Figure 9.55 demonstrates a target sign (or at least a mass
effect) in the RUQ.

A B C D E F

Figure 9.50.
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Figure 9.51.
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Figure 9.52.
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Figure 9.53.

A B C D

Figure 9.54.

A B C D

Figure 9.55.
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Figure 9.56.

Figure 9.56 demonstrates a poor gas distribution, distended
bowel, and air-fluid levels suggestive of a bowel obstruction.
There is a RUQ mass effect and a target sign.

Figure 9.57 demonstrates a target sign on the right.

Pneumatosis Intestinalis
Pneumatosis intestinalis is a radiographic finding resulting

from air dissecting into the bowel wall. The bowel wall is nor-
mally a single soft tissue density, but when air dissects into the
bowel wall, air bubbles are visible within the bowel wall, or the
bowel wall looks like parallel soft tissue lines separated by a line
of air (“train tracks”). More specifically, these are train tracks
without the ties (e.g., a train track embedded in an asphalt
or concrete road). Pneumatosis intestinalis is a radiographic
sign of necrotizing enterocolitis (NEC) in the newborn. Patients
with NEC are almost always premature infants. However,
pneumatosis intestinalis is sometimes encountered in term
infants, older infants, and even adults. Chronic obstructive
pulmonary disease or other conditions predisposing adults to
soft tissue air dissection (pneumomediastinum, subcutaneous
emphysema, etc.) are sometimes associated with pneumatosis
intestinalis. However, in premature infants, pneumatosis intesti-
nals should indicate the presence of NEC.

In Figure 9.58, the white arrows point to the multiple areas of
pneumatosis intestinalis (white arrows). Air is dissecting into the
bowel walls. Parallel lines are seen that represent the mucosal side
of the bowel wall and the outer bowel wall sandwiching a layer
of air between these two layers. Note that the liver is speckled

with air densities as well. In NEC, air is often seen in the liver,
and in severe cases, the biliary tree can be visualized. Ultrasound
of the liver is the most sensitive means of identifying air bubbles
circulating through the liver in NEC.

Figure 9.59 is a very dark x-ray of poor quality. What can be
seen here is that the bowel walls are smooth and hoselike, indi-
cating a bowel obstruction. It is not possible to see pneumatosis
intestinalis on this x-ray, but air within the liver is visible, again
indicating NEC.

Figure 9.60 demonstrates distended bowel and pneumatosis
intestinalis. Double outlining of the bowel wall (train tracks) is
identified in multiple bowel segments. In the LLQ, the cigar-
shaped bowel segment demonstrates irregular bubble formation
within the bowel wall.

Figure 9.61 is from a 5-month-old term infant who pre-
sented with bloody diarrhea. The first two images demonstrate
pneumatosis intestinalis. The third image demonstrated large
amounts of bowel wall gas with a double track of air.

Foreign Bodies
Abdominal foreign bodies are usually not visible on plain film

radiographs, with the exception of metallic and calcific foreign
bodies. Ingestion of a coin is a common indication to confirm
that the coin is in the stomach and not in the esophagus.

Figures 9.62 to 9.64 show obvious metallic foreign bodies.
In Figure 9.62, it is a lead dye. In Figure 9.63, it is a safety pin.
While in Figure 9.64, what appears to be a coin is actually a disc
battery, as the close-up view of this “coin” in Figure 9.65 demon-

A B C D

Figure 9.57.
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Figure 9.58. Figure 9.59. Figure 9.60.

A B C

Figure 9.61.

Figure 9.62. Figure 9.63. Figure 9.64.
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Figure 9.65. Close-up view of battery initially thought to be a coin.
Note the inner rim lucency characteristic of batteries.

strates. Note the inner rim lucency of the battery, which is from
the plastic insulator. Figure 9.66 demonstrates some of the radio-
graphic characteristics of disc batteries compared to coins. The
side view of a disc battery has a “frosting on the cake” appear-
ance such that a top layer is seen. The front view of the battery
will often reveal an inner circle from the plastic insulator. How-
ever, if the metal in the battery casing is very thick, this inner
circle is not always visible. If the battery is viewed obliquely,
one may appreciate a cylindrical silhouette (as opposed to a
flat disc).

Figure 9.67 demonstrates faint calcifications in the RUQ.
This is difficult to appreciate on the full abdominal images, but
is easier to see in this enlarged focused view of the faint cal-
cifications. Although not a foreign body, this calcification pat-

Figure 9.67.
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Figure 9.66. Commonly ingested batteries compared to coins.

tern is seen with the ingestion of bismuth subsalicylate (e.g.,
Pepto-Bismol). Other substances that may be radiopaque include
ingested dirt, sand, and dental debris. Other agents that may
be radiopaque include C.H.I.P.E.S (Chloral hydrate/Calcium,
Heavy metals [lead, arsenic, etc.], Iodides/Iron [vitamin pills],
Phenothiazines and Psychotropics, Enteric-coated tablets, and
slow-release capsules).

Urolithiasis
Kidney stones are relatively uncommon in children; however,

they do occur. Kidney stones are composed of precipitated uric
acid, calcium oxalate, or other calcium-containing compounds.
Calcium-excreting diuretics such as furosemide can increase the
concentration of urinary calcium. Uric acid and most calcium
oxalate stone are not radiopaque on plain film radiographs. Stru-
vite (magnesium ammonium phosphate) stone tends to form
in the renal pelvis as “staghorn calculi,” and these are usually
radiopaque and visible on plain film radiographs.

CT scan can often identify the stone, but if contrast is admin-
istered, visualizing the stone will be obliterated by the excreted
contrast in the ureter.

An intravenous pyelogram (IVP), also known as urogram,
can identify the stone by locating the point of ureteral contrast
obstruction, rather than visualizing the stone directly.

A suspicion of urolithiasis is often raised when a patient
presents with a sudden onset of severe flank pain and severe
costovertebral angle (CVA) tenderness. Occasionally, plain film
radiographs ordered for other reasons will identify asymp-
tomatic stones (usually in the renal pelvis).

Figure 9.68 is from a teen presenting with classic renal colic.
A plain film abdominal x-ray demonstrates a questionable kid-
ney stone (black arrow). Figure 9.69 is the patient’s IVP. The
first image is an early view. Prompt excretion is noted in the
left kidney. The right kidney shows blunted calyces and delayed
excretion. The next two images are delayed views, which show
the blunted calyces and hydronephrosis in the right kidney. The
last image is a close-up showing the location of the kidney stone
demonstrated by a narrowing in the ureteral column of contrast
excretion (black arrow).

Figure 9.70 is from a teen presenting with fever and CVA ten-
derness. An abdominal series demonstrates calcifications overly-
ing the renal shadow. A CT scan confirms that these are within the
renal pelvis. A urine culture grew Proteus species. These findings
are indicative of an early staghorn calculus composed of struvite
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Figure 9.68.
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Figure 9.69.
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Figure 9.70.
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Figure 9.71.

(magnesium ammonium phosphate), which is usually caused by
pyelonephritis due to an urea-splitting organism such as Proteus.

Figure 9.71 is from a teen presenting with classic renal colic.
After analgesia, this abdominal x-ray shows a calcific density in
the RLQ just inferior to the right sacroiliac joint. This ureteral
stone appears to be very large, so a urologist is consulted. Figure
9.72 is the patient’s IVP. The initial image shows prompt excre-
tion on the left, but delayed excretion on the right consistent with
a ureteral obstruction. The delayed image shows delayed excre-
tion on the right; however, the location of the ureteral obstruc-
tion does not appear to be where the RLQ calcification is located.

A B

Figure 9.72.

Other views demonstrate that the calcification is not in the path
of the ureter. The patient has a small ureteral stone that she sub-
sequently passes. The RLQ calcification is an appendicolith, and
the patient underwent an appendectomy for acute appendicitis

Bony Abnormalities
The abdomen contains bony structures as well. The dom-

inant structures here are the spine, the pelvis, and the hips.
There is a tendency for clinicians to ignore the bones on abdomi-
nal radiographs; however, when bony abnormalities are present,
these tend to be serious findings that should not be missed.
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Figure 9.73.

In Figure 9.73, the first image obtained when the patient pre-
sented with abdominal pain. This was believed to be nonspecific.
The patient returned, complaining of both abdominal and back
pain. The second two images were obtained on the subsequent
visit, at which point a close examination of the vertebral bod-
ies reveal that they are compressed. This is especially evident on
the lateral view, which shows multiple compression fractures of
the patient’s lumbar spine. In retrospect, the vertebral compres-
sion fractures are evident on the initial abdominal x-ray, but it is
not nearly as obvious. This patient is ultimately diagnosed with
leukemia. Leukemia will often present with bony abnormalities
on x-ray. Lucencies or indistinct bony margins could also be seen
with malignancies.

Figure 9.74 is an abdominal series taken on day 2 of hos-
pitalization. This is a 5-month-old infant who was diagnosed
with intussusception at a general hospital. A barium enema at
the general hospital confirmed the intussusception, and a suc-
cessful reduction was achieved. At that point, the patient was
transferred to a children’s hospital for overnight observation,
despite the resolution of the patient’s symptoms. After doing
well overnight, orders for discharge were written; however, the
patient vomited, and the discharge was cancelled. An abdomi-
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Figure 9.74.

nal series was obtained, which is shown in Figure 9.74. The gas
distribution is poor. There is some residual barium present. The
patient improves and does not have an intussusception recur-
rence. However, a different abnormality is incidentally noted on
this x-ray.

Figure 9.75 is an enlargement of the lower portion of the
patient’s abdominal x-ray. A congenital dislocated left hip is
noted. Because the femur heads are not ossified at an early age,
it is not obvious that the hip is dislocated. There are many rules
to help identify the dislocated hip, but the easiest rule is to use
Shenton’s arc. This is arc (an oval) drawn through the obturator
foramen and the medial portion of the proximal femur. Note the
normal Shenton’s arc in the patient’s right hip, whereas Shenton’s
arc is obviously disrupted in the patient’s left hip. The radiolo-
gist at the previous hospital was so focused on diagnosing and
then reducing the intussusception that the dislocated hip was
missed. Only a methodical and compulsive approach to review-
ing the bony structures of all x-rays will enable one to make such a

Figure 9.75.
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Figure 9.76.

diagnosis. Because the ED orders many abdominal x-rays, it is
likely that a dislocated hip will be encountered in one or more
of these x-rays.

Lungs (Often Overlooked)
The lower portion of the lungs should be visible on at least

one view of an abdominal series. Because abdominal radiographs
are usually ordered for abdominal complaints, there is a tendency
to ignore the lung portion of the x-ray. However, it is well known
that lower lung conditions can result in abdominal complaints.

For example, lower lobe pneumonia commonly causes abdom-
inal pain. Pleural effusions blunting the costophrenic angles
should also be visible on the upright view of the abdomen if
the diaphragm is properly included in the image. Always exam-
ine the periphery of the image because this is where things are
often missed.

Figure 9.76 is an abdominal series of a teen presenting with
abdominal pain. This patient has an infiltrate in the left lower
lung. It is best seen on the left image, superimposed over the
heart and spine as a triangular density.
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Plain Radiography in Child Abuse

Kenneth T. Kwon

INDICATIONS

Complete skeletal survey plain radiographs are essential in the
evaluation of suspected child abuse, particularly in infants and
toddlers. Extracranial abnormalities are detected in 30% to 70%
of abused children with head injuries. Shaken baby syndrome
is classically described as subdural hematoma, retinal hemor-
rhages, and long bone fractures with minimal external signs of
trauma. Because of the close association of intracranial injuries
with fractures in nonaccidental trauma, both CT of the head and
complete bone survey radiographs should be minimal standard
imaging in any suspected child abuse case.

DIAGNOSTIC CAPABILITIES

Fractures suggestive for nonaccidental trauma can be categorized
based on specificity for abuse:

1. High specificity: metaphyseal corner or bucket handle frac-
ture, posterior rib fracture, sternal fracture, spinous process
fracture, scapular fracture

2. Medium specificity: complex skull fracture, vertebral body
fracture, multiple fractures of different ages

3. Low specificity: linear skull fracture, long bone shaft fracture
in weight-bearing age

These injuries need to be taken within the context of clinical
history and mechanism reported (if any), developmental age,
and assessment of family and social dynamics. Any injuries con-
sidered medium or high specificity should warrant notification
to the appropriate reporting agency, as should any low specificity
injuries with unclear mechanisms.

IMAGING PITFALLS/LIMITATIONS

Subtle injuries may be missed on initial acute skeletal survey.
Delayed repeated skeletal radiographs or radionuclide bone scans
may be needed. Negative skull radiographs as part of the skeletal
survey do not obviate the need for obtaining CT of the brain to
investigate for intracranial bleeding or injury in suspected abuse
cases.
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Figure 10.1. Metaphyseal corner and “bucket handle” fractures. This
3-month-old presented with unexplained bruises and irritability.
Abuse was suspected, and a skeletal survey was performed. Figure
10.1 shows the classic metaphyseal corner fractures, which are evi-
dent on both medial and lateral aspects of the left distal femur. These
avulsionlike fractures are due to the strong ligamentous and periosteal
attachments to the ends of young growing bones. Sudden traction or
torsional forces, as can occur by a perpetrator violently twisting or
pulling an extremity, are typically not seen in accidental traumatic
circumstances and can generate the necessary forces to create such
injuries.

CLINICAL IMAGES

Figure 10.2. (Continued ) Is a different angle of the same patient, show-
ing the medial distal femur metaphyseal fragment to resemble more of
a bucket handle than a corner. As periosteum is torn from the under-
lying cortex, subperiosteal bleeding can occur. The resultant periosteal
reaction can create a new external layer of bone away from the cor-
tex, resembling a thin handle of a bucket. Because the periosteum is
more loosely attached at the diaphysis than at the physis of growing
bones, this layering of periosteal new bone may be seen extending into
the diaphysis. In this case, note the thin layer of new bone extending
proximally on both medial and lateral aspects of the femoral diaphysis.

Metaphyseal corner and bucket handle fractures are perhaps the
most highly specific for abuse. There are virtually pathognomonic, but
can also be seen in rare congenital or acquired orthopedic conditions.

Figure 10.3. Bucket handle fracture of the distal humerus.



Figure 10.4. and 10.5. Multiple fractures of varying age. This is part of the same skeletal survey of the
3-month-old patient in Figures 10.1 and 10.2. The obvious finding is the acute transverse fracture of the
midhumerus, which is highly suggestive of abuse in an infant who is not bearing weight or even crawling.
The more subtle fracture is the bucket handle fracture of the proximal humerus. Also, in the distal radius
and ulna there is thickening of the cortexes with slightly sclerotic edges, which represents healing fractures.

Figure 10.6.. Posterior rib fractures. Note the healing posterior
rib fractures of the right thoracic ninth to twelfth ribs with
callus formation. This infant had been physically abused a few
weeks prior to presentation. Posterior rib fractures are highly
suggestive of abuse and usually occur as a result of arms or
hands wrapped around the thorax while shaking or squeezing.
Rib fractures due to accidental trauma tend to occur in the
anterior aspect of the ribs.

Figure 10.7. Linear skull fracture. The left parietal bone demon-
strates a linear, nondisplaced fracture. Fractures resulting from
accidental falls or trauma are usually linear and uncomplicated.
Linear skull fractures have a low specificity for child abuse.
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Figure 10.8. Complex skull fracture. Note the multiple fracture lines
emanating from the midoccipital region and coursing anteriorly to
the parietal-temporal area. The symmetric lucencies on the superior
parietal areas represent normal coronal sutures, and the lucencies in
the inferior occipital area represent normal lambdoid sutures. Skull
fractures are considered complex if multiple, stellate, depressed, or
cross suture lines. Complex skull fractures are more specific for abuse
than linear skull fractures, but are less specific than metaphyseal cor-
ner/bucket handle fractures or posterior rib fractures. Up to 50%
of infants suffering from nonaccidental head injury will have skull
fractures.

A B

Figure 10.10. (same as Fig. 7.25A and B in Chapter 7): Toddler’s fracture. First described by Dunbar in 1964, this fracture is classically described
as an oblique or spiral nondisplaced fracture of the distal tibia. It is most commonly seen in children 9 months to 3 years of age, and occurs as
a result of an axial loading and twisting injury on a fixed foot, which would maximize forces in the distal leg. Although any oblique or spiral
fracture of a long bone in a child should raise the possibility of nonaccidental trauma, an oblique fracture of the distal tibia in a weight-bearing
infant can be explained from normal accidental forces, such as a fall, which is frequently unwitnessed. More concerning would be a spiral fracture
of the mid or proximal tibia, which may more likely suggest nonaccidental trauma, as a perpetrator holding and twisting the distal portion of a
leg would maximize forces in the midshaft and proximal areas of the tibia. Isolated spiral fractures of the tibia neither confirm nor dismiss the
possibility of abuse.

Figure 10.9. Subdural hematoma. This CT image is from the same
patient seen in Figure 1 and confirms shaken baby syndrome. Note
the bilateral subdural hematomas, right greater than left, with no defi-
nite skull fracture identified. Although subdural hematomas like these
are commonly seen in abuse cases, the most characteristic subdural
hematoma for shaken baby syndrome is in the posterior interhemi-
spheric area, with blood layering in the interhemispheric fissure caus-
ing the posterior falx to appear more dense than normal. Subdural
hematomas can be caused from direct trauma or severe acceleration-
deceleration forces, such as from shaking. These injuries are associated
with significant morbidity and mortality due to the high rate of asso-
ciated irreversible brain damage. It is the most common intracranial
hemorrhage seen on autopsy in shaken baby deaths.
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Plain Radiography in the Elderly

Worth W. Everett and Anthony J. Dean

INDICATIONS

In addition to those for all adults, the elderly have some indica-
tions for plain film radiography that are specifically determined
by their age group. Radiographic indications that are particular
to aging could be summarized by stating that with a height-
ened index of clinical suspicion due to this group, the threshold
for ordering imaging studies is lower, and the indications are
broader. Imaging considerations unique to older patients gener-
ally fall into one of the following categories:

1. Some common disease processes and mechanisms afflict the
elderly more severely. The same fall might cause a wrist sprain
in a 35-year-old, but a significant fracture in a patient of 75
years because osteoporosis is associated with senescence. The
age-based exclusion criteria formally enshrined in the Ottawa
knee and ankle rules reflect this fact, but should be applied
to almost all conditions in older patients being evaluated in
the ED.

2. Attenuated responses to systemic insults are common in the
elderly; therefore, “typical” signs and symptoms may not
be present in this population. The clinical exam may also be
compromised by altered sensorium and/or mobility in the
elderly.

3. Many diseases of adulthood become increasingly prevalent
with age (e.g., cancer, congestive heart failure [CHF], lung
disease). In this context, a clinical evaluation that has an
acceptably low “miss rate” in a younger population might
have an unacceptably low negative predictive value in the
elderly. Thus, signs or symptoms relating to the chest, includ-
ing pain, pressure, tightness, cough, dyspnea, hypoxia, or
tachypnea, may all warrant plain chest radiography in this
population.

4. The constitutional effects of aging make the consequences of
misdiagnosis direr in the elderly.

5. Many diseases of the elderly have pathological consequences,
and their treatment entails significant side effects. For
instance, shoulder pain in a patient with no history of
trauma but previously treated lung cancer would be an
appropriate indication for imaging as surveillance for bony

metastasis. Such patients are immunocompromised, so a
heightened index of suspicion for an infectious process is
warranted.

DIAGNOSTIC CAPABILITIES

In general, the capabilities of diagnostic radiology in the elderly
are similar to those noted in the previous 10 chapters. Not infre-
quently, radiographs of the elderly reveal incidental findings
such as vascular and soft tissue calcifications, arthritic condi-
tions, pulmonary nodules, or vertebral fractures. These may war-
rant follow-up or further imaging on either an immediate or a
delayed basis. A close examination of bony structures may reveal
chronic but clinically important bony irregularities (e.g., lytic
or blastic lesions). Further imaging options include CT, MRI, or
nuclear bone scans. The latter are of use identifying metabolically
active bone lesions. However, the widespread availability of plain
film radiography in EDs make it an ideal initial study in many
instances, particularly those with time-sensitive treatments in
which a screening test to rule out contraindicated therapies is
quickly needed.

A brief outline of some of the areas of plain film radiography
for which special diagnostic considerations and clinical concerns
are warranted in the elderly follows.

Spine Plain Film Imaging

Many findings on plain spinal films in the elderly are degenerative
changes from either normal aging or accelerated bony change
from disease or injury. The most common include osteopenia
and osteophytes. Osteopenia is the radiographic finding of bone
that has decreased calcification density and is clinically inter-
preted as bone that is relatively more radiolucent than would
be expected. In general, it takes loss of approximately 25% to
50% of the bone mass to result in radiographic changes that can
be detected on plain x-rays. Osteoporosis, however, is common,
but it strictly refers to bone density less than expected for an
individual’s age and is determined using densitometric imaging
techniques. Osteophytes are bony growth at the joint margins
that result in joint space narrowing.
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Whereas trauma is the most common cause of spinal frac-
ture among all patients, clinicians should have low threshold for
performing spine imaging on the elderly based on medication
use (e.g., steroids, osteoporosis medications) and medical his-
tories (e.g., osteogenesis imperfecta, osteoporosis), as much as
on mechanism of injury, which is often unclear. Fractures of the
spine or findings suggestive a fracture may warrant additional
advanced imaging, such as CT or MRI, either in the ED or on an
outpatient basis.

Degenerative spinal disease includes joint narrowing, cal-
cifications of ligaments, sclerotic changes, osteophyte forma-
tion, and fusion. Many of these are broadly termed as degen-
erative joint disease (DJD). Involvement of the endplates, as
with osteophytes, can result in degenerative changes with sclero-
sis and/or narrowing. Osteoarthritic changes occur through the
loss of hyaline cartilage and chronic inflammation. Some changes
are due to specific disease processes such rheumatoid arthritis
and ankylosing spondylitis. Diffuse idiopathic skeletal hyperos-
tosis (DISH) is a relatively uncommon condition in which there
is prominent and diffuse calcification of the anterior portions
of the vertebral bodies forming ridges that fuse. Spondyloly-
sis results from a defect in the pars interarticularis and allows
spondylolisthesis, or the anterior slippage of one vertebral bony
on another, to occur. Among the elderly, spondylolisthesis may
occur due to degeneration of the interosseous elements in the
absence of spondylolysis, in which case it is referred to as pseu-
dospondylolisthesis or degenerative spondylolisthesis. In most
cases where severe degenerative changes are found in the pres-
ence of severe pain or trauma, additional diagnostic studies are
needed.

The spine can be the site of any type of tumor, but among the
most common are lung, breast, and prostate cancers. Osteolytic
lesions cause destruction of the spine and are commonly seen
with metastatic breast and lung tumors. Prostate cancer is most
frequently osteoblastic, which causes the radiographic appear-
ance of dense radiopaque densities in the bone. In some cases,
changes to the bony spine may cause spinal cord compromise.
In the setting of neurological deficits with known or suspected
metastatic spinal lesions, an investigation with CT or MRI to
evaluate the spinal cord is indicated.

Pelvic Imaging

Imaging of the pelvis is most commonly prompted by pain and/or
trauma. In addition to identification of fractures, emergency
physicians should look for neoplastic lesions and degenerative
changes of the hip joints or sacroiliac joints. Calcifications may be
seen in the bladder or uterus (leiomyomata), in the vasculature,
and in the overlying soft tissues.

Chest Imaging

Diagnostic considerations that will prompt chest radiography
among the elderly are similar to those for other adults. How-
ever, the high prevalence of cardiopulmonary diseases identifi-

able by radiography among older patients is likely to prompt a
much lower threshold for testing in this group. An incomplete
list of such diagnoses would include pneumonia, pulmonary
embolus, chronic obstructive pulmonary disease, malignancy,
pleural diseases, aortic disease, pericardial disease, and CHF. In
many of these, the chest radiograph (CXR) may only give indi-
rect evidence of the disease process (e.g., pulmonary embolus,
aortic dissection, pericardial effusions) and is insufficiently sen-
sitive to rule out disease, so that with anything more than a
low pretest probability of disease, more sophisticated (also more
time-consuming and resource- intensive) imaging studies are
likely to be needed. However, the ease with which a CXR can be
obtained, its rapidity, availability, noninvasiveness, and low cost,
make it highly valuable in the initial evaluation of undifferenti-
ated thoracic conditions.

Rheumatologic Conditions/Extremity Imaging

Rheumatologic conditions are increasingly common with age.
Because their radiological findings are protean and their diagno-
sis is not a primary responsibility of the emergency physician, the
examples presented here are limited in scope and number. Emer-
gency physicians should become familiar with some of the more
common radiographic manifestations of rheumatologic disease
so they are not distracted by them when they are encountered in
a film obtained to evaluate an acute condition.

Abdominal Imaging

Plain radiology in the evaluation of nonbony abdominal pathol-
ogy has the same limitations in the elderly as it does for other
adults, with the consequence that CT is often the imaging modal-
ity of choice. In addition to the discussion of general plain
abdominal imaging (see Chapter 3), clinicians are often called on
to replace dislodged feeding tubes (g-tubes, j-tubes, etc.) or ver-
ify placement of feeding tubes placed via the naso- or orogastric
route. Abdominal images may also reveal abnormal calcifica-
tions or air in the vascular system, biliary tract, pancreas, kidney,
ureters, bladder, or uterus.

IMAGING PITFALLS/LIMITATIONS

Most of the limitations of plain radiography in the elderly are the
same as those for all adults. Osteopenia or chronic degenerative
changes may make the identification of fractures more difficult.
Radiographs may be limited by the patient’s ability to cooperate
with the exam. Elderly patients may have difficulty with posi-
tioning due to physical (e.g., contractures from prior stroke) or
neurological reasons (e.g., paralysis, altered mental status). Pain
may also impair a patient’s ability to cooperate and should be
alleviated as appropriate. Abnormalities on chest films may be
nonspecific. These, like other incidental findings, require follow-
up and/or further diagnostic testing, especially when alterna-
tive diagnoses such as pulmonary embolism or neoplasia are
suspected.
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CLINICAL IMAGES

The following images depict radiographic findings and pathol-
ogy that clinicians should be familiar with in the elderly patient.

Plain Film Images in the Elderly

Spine Imaging

A B

Figure 11.1. Cervical compression fracture. Lateral cervical x-ray showing an adequate image of the complete cervical spine from C1 to the top
of T1. The arrows denote a compression fracture with loss of the vertebral body height of the fifth cervical vertebral body secondary to multiple
myeloma. Note the sclerotic margins of the superior portion of the fifth vertebra, indicating this is a chronic lesion. There are other lesions in the
third and fourth cervical vertebra as well.



Plain Radiography in the Elderly 183
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Figure 11.2 Cervical vertebral body destruction. Lateral view of the cervical spine in a patient with severe neck pain. The
arrows indicate bony destruction of the vertebral body. The posterior vertebral line (white lines) that should normally
be traced as you inspect the posterior aspect of the vertebral bodies is not well defined around the fifth cervical vertebra.
The bony fragment (white star) is concerning for retropulsion into the spinal canal, which is marked anteriorly by the
posterior vertebral line and posteriorly by the anterior laminar line (black lines). This is an unstable cervical spine and
may lead to spinal cord impingement and paralysis if not stabilized.

A B

Figure 11.3 Cervical hyperostosis. An elderly patient presents from the nursing home with a fever. The lateral view of cervical spine
shows diffuse bridging of anterior aspects of the cervical vertebral bodies (large arrows). This condition, termed DISH, is more
common in the thoracic and lumbar spine but can be found anywhere. Despite the bridging of the vertebral bodies, it is not a major
cause of spine pain. This image also depicts mild thickening of the prevertebral soft tissue and air in the prevertebral soft tissue (small
arrows), raising concerns of infection, esophageal injury, or less likely trauma.
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Figure 11.4. Dens fracture. A 75-year-old female presents ambulatory for the second time with worsening neck pain after falling out of bed 3
days ago. On the first ED visit, the cervical spine was interpreted as normal. On second visit, the lateral view of the cervical spine reveals loss of
normal lordosis, degenerative changes in all cervical vertebra, a cortical defect involving the low dens (white arrow), and a linear lucency located
at the anterior arch of the first cervical vertebra (black arrows). The latter may be chronic, as suggested by the corticated margins and the absence
of swelling in the prevertebral soft tissue. However, the dens fracture was certainly acute and unstable (based on films showing movement after
placement of the halo). This case demonstrates some of the difficulties both with clinical assessment and radiographic interpretation in the elderly.
In the lower cervical spine, sclerosis and loss of vertebral height are also seen at several levels.
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Figures 11.5 (up) and 6(down). Thoracic spine DISH. A 60-year-old patient was incidentally found to have diffuse hyperostosis of the thoracic
spine. These images depict the smooth contours of the bulky growths seen coming off the superior and inferior lateral vertebral bodies of the
DISH. DISH is a relatively uncommon condition in which there is prominent and diffuse calcification of the anterior portions of the vertebral
bodies forming ridges that fuse. At least three to four contiguous vertebrae must be involved to be classified as DISH, differentiating it from isolated
bridging osteophytes. In severe cases such as this, there may be some limitations of movement. Despite the striking radiographic deformities
created by this disease, it is not usually considered to be a cause of back pain.



186 Everett and Dean

A

B

Figure 11.7. Thoracic compression fracture. Thoracic compression
fractures (arrows) were found on lateral CXR in a patient present-
ing without back pain. Note the diffuse osteopenia, which suggests
severe osteoporosis.
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Figures 11.8 (up) and 9(down). Lumbar spine DJD and aortic calcification. Low back pain prompted this lumbar series.
The lateral image shows significant vascular calcifications (small arrows) without evidence of aneurysm. The anterior
aspects of the lumbar vertebral bodies have characteristic osteophytes (large arrows) that appear to bridge with the
adjacent osteophytes (lateral and anteroposterior [AP] views). The arrowheads denote spondylolisthesis of L5 on S1
with the slippage of less than 25%. A grading scale exists that also corresponds to treatment recommendations: grade
I = 1%−25% slippage, grade II = 26%−50% slippage, grade III = 51%−75% slippage, grade IV = 76%−100%
slippage. Treatment for grades I and II is generally conservative, with surgical options usually reserved for grades III
and IV. Ninety percent of spondylolisthesis occurs in the L4–5 and L5-S1 spine. The AP view also demonstrates mild
scoliosis.
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Figure 11.10. Lumbar spondylolisthesis. A common cause of low back pain, this lateral lumbar spine demonstrates the anterior translation of L5
on S1 (arrow). When examining spine films, the anterior vertebral line should form a smooth contour. The bars in this image cannot be smoothly
connected.
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Figures 11.11 (left) and 12(down). Lumbar scoliosis with DJD. This AP and lateral lum-
bar spine has severe scoliosis, DJD (black arrows), several osteophytes, and a cyst (white
arrows) in the superior/anterior fourth lumbar vertebrae. Overlying bowel gas can be
mistaken as a cyst. Note the well-corticated edges that differentiate a cyst from overlying
bowel gas.

A B
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Figure 11.13 Annular calcification. Calcification of the intervertebral disk (black
arrow) can be confused with vertebral fractures or osteophyte fracture. These struc-
tures are found anterior and between two adjacent vertebral bodies. The calcifications
have well-defined smooth edges and do not make contact with either endplate of the
adjacent vertebral bodies. There are numerous osteophytes throughout the lumbar
spine.

A B

Figure 11.14 Schmorl’s nodule. Defects in the endplates of the vertebral bodies, most frequently in the
lumbar spine, are common nontraumatic findings. The defect, known as a “Schmorl’s node” (arrow)
appears as a defect in the vertebral body with sclerotic margins in the anterior or midportion of either
endplate. It is believed to arise from protrusion of the nucleus pulposus. This patient also has significant
vascular calcifications (star), bowel gas adjacent to the anterior portion of the midlumbar vertebra (white
arrow), and notable loss of vertebral height relative to the adjacent vertebra.
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Figure 11.15 Limbus vertebra. In the lateral projection of the lumbar
spine, a limbus vertebra can be seen involving the superior anterior aspect
of L3. It is believed to result from herniation of the nucleus pulposus
through the ring apophysis prior to fusion isolating a small segment of
the vertebral rim. Note the well-corticated edges, indicating this is not
an acute process. Also note that the intervertebral disc spaces are similar
and that there is a lack of pathology of the contiguous vertebral bodies,
making it difficult to confuse this with a fracture. Note: This finding can
be seen in patients of any age, and this is not the radiograph of an elderly
patient.

Pelvis Imaging

A B

Figure 11.16. Paget disease of bone. Paget disease of bone affects an estimated 2% of the U.S. population older than 55 years. It is a disorder of
hyperdynamic bone remodeling characterized by lytic-appearing lesions (early) or dense sclerotic lesions (late). It can be found in the skull, pelvis,
tibia, and humerus. In this image of the pelvis, the dense bony pattern in the left pelvis is characteristic (black arrows). The density can be best
appreciated by comparing the affected side with the contralateral side. A hip fracture is also present (small black arrows).
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Figure 11.17. Bony metastases. In a 65-year-old male with prostate cancer presenting with pelvic pain, this close-up shows numerous small lucencies
in the pelvis and right hip (arrows).

A B

Figures 11.18 (up) and 19(right). Metastatic colon cancer. A 73-year-old female
with history of colon cancer and resection presents several years later with pelvic
pain. This AP pelvis shows diffuse left pelvic and humeral head and neck lytic
lesions (white arrowheads). This patient also has degenerative sclerotic changes
of both hip joints (black arrows), with erosions and collapse of the medial aspect
of the femoral heads bilaterally. The pelvic CT demonstrates the lesions in the
left pelvis.
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Abdominal Imaging

Figure 11.20 Feeding tube placement verification. Following blind nasal place-
ment of a feeding tube, it is common to obtain radiographic confirmation of
placement in the proximal portion of the small bowel. This portable AP view
of the abdomen shows the bowel gas pattern to be normal. The Dobbhoff tube
crosses the midline and is therefore likely near the ligament of Treitz and is
probably in the proximal jejunum.

A B

Figure 11.21 Hiatal hernia. This elderly patient complained of shortness of breath. The single view demonstrates
some of the difficulties interpreting a simple CXR. The patient is slightly rotated, and the small lung volumes are
likely associated with the patient’s kyphosis, caused by collapse of the anterior vertebral bodies at multiple thoracic
levels. (Extreme cases of kyphosis are sometimes referred to clinically as a “dowager’s hump.”) The white arrowheads
indicate tracheal deviation and the thin black arrows outline the subtle aortic knob. The large gastric bubble can be
seen just under the left diaphragm (white star). However, high in the right chest another lucency (black star) is seen
that lies just inferior to what is likely the diaphragm (white arrows). The short black arrows outline the area of where
the diaphragm might be expected to sit, raising the possibility of a hiatal hernia if the gastric bubble on the left is truly
above the diaphragm.
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Chest Imaging

A

C

B

Figure 11.22 Asbestosis. An elderly patient presents with wors-
ening shortness of breath and a history of “lung problems.”
He has a chronic cough productive of white sputum. This film
shows scattered “veillike” densities of pleural plaques associated
with asbestos exposure (arrow tips). Asbestos-related plaques
can take many of forms, from thin linear calcifications only seen
when the x-ray beam is tangential to the pleura at that location,
to large disorganized masses, easily seen en face, such as those
seen in C. The plaques can be associated with extensive pleural
thickening. Figure 11.22C also shows loss of lung markings in
the left apex, which is suggestive of advanced emphysema.

A B

Figure 11.23. Thoracic aortic aneurysm. An 83-year-old patient presents with a month-long persistent dry cough. He has also noticed some
difficulty swallowing anything but liquids. The patient has a history of CHF, but he says “it doesn’t feel like that.” He saw his family doctor,
who told him that his “lungs were clear” (as they are on your exam, although systolic and diastolic murmurs are noted). CXR shows several
abnormalities. First, his aortic knob is very enlarged (arrowheads, measured at 6.3 cm), leading into an ectatic thoracic course (large white arrows;
often referred to as “uncoiling” of the aorta). Second, cardiomegaly, splaying of the carina suggestive of left atrial enlargement (black arrows), and
Kerley B lines (small white arrows) all suggest the patient’s chronic CHF. Aneurysms, in addition to the well-known syndromes of acute instability,
can present more chronically. In this case, the aneurysm was having a mass effect in the chest and causing aortic insufficiency with secondary
mitral regurgitation. Kerley B lines are caused by increased interstitial fluid in the lungs and can be seen in the absence of rales on exam. (The
latter are caused by fluid in the alveolar air spaces.)
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Figure 11.24. Left upper lobe atelectasis secondary to obstructing tumor. An 80-year-
old man, who quit 1 week ago after 60 years of smoking, presents with poorly defined
chest pain and possible weight loss. His CXR is shown. Initially, the large mass in the
upper left hilum might be mistaken for an aortic aneurysm, but the calcifications in the
ascending aorta (black arrows) and the left wall of the descending aorta (arrowheads)
suggest that it is not enlarged. Although the entire mediastinum is shifted to the left,
the left hemithorax appears radiolucent relative to the right, with very attenuated lung
markings seen in the apex (white arrows). These findings suggest complete atelecta-
sis of the left upper lobe due to bronchial obstruction by the left hilar mass. These
findings were confirmed on CT scan, and carcinoma was identified by subsequent
endobronchial biopsy.
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Figure 11.25. Pulmonary nodules. A 75-year-old female presents to the ED after being involved in a frontal motor vehicle crash while driving to
a doctor’s appointment. She is complaining of chest pain. Upright posteroanterior (PA) and lateral radiographs are obtained, and shown in A
and B, respectively. There is no evidence of acute injury, but multiple pulmonary nodules are seen in both views (arrows). These are consistent
with scarring from previous tuberculosis or fungal infections, sarcoidosis, or acute metastatic disease. Old films were found on the patient, which
demonstrated these nodules to be unchanged from previous films. If these had not been available, the patient would have been referred for further
outpatient evaluation with possible CT, biopsy, or serial imaging studies to monitor for growth in the nodules.
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Extremity Imaging and Rheumatologic Conditions

A B

Figure 11.26. Pathological fracture, right shoulder. A 65-year-old female presents after a minor bump to her shoulder 3 days ago. She complains
that “the pain just won’t go away, and I can’t seem to use it properly.” She had treatment for breast cancer 5 years ago with no known recurrence.
Her x-ray is shown in Figures 11.26A and B. A nondisplaced surgical neck fracture can be seen (arrowheads). In addition, there are multiple lytic
lesions of varying sizes in the humerus and scapula (arrows). These become confluent in the humeral head, making it appear osteopenic. The
patient was subsequently managed for metastatic recurrence of her breast cancer.

A B

Figure 11.27 Severe osteoarthritis of hips. An obese patient presents with complaints of severe pain down her
posterior left thigh that woke her from sleep 4 days ago. The pain has been continuous since then. In addition to
evaluation for deep vein thrombosis (DVT), the patient had a plain film of the pelvis. A detail of the left hip is
shown. The entire joint is narrowed. Osteophytes have formed around the rim of the acetabulum (white arrows).
The bone on both sides of the joint shows areas of sclerosis (radiodense areas of increased calcium deposition).
There are also “cystic” (radiolucent) areas (arrowheads) that suggest osteonecrosis, with resultant collapse of bone
and flattening of the femoral head. Osteonecrosis can be both a cause and effect of severe DJD. The soft tissue
density overlying the film is the patient’s pannus (black arrows). The patient’s ED workup was negative for DVT
and other soft tissue processes. Of note, hip injury can present with pain in the back, buttocks, thighs, or knees.
The patient subsequently underwent a hip replacement.
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Figure 11.28. Osteoarthritis and septic joint. Comparison of the two hips demonstrates
asymmetry of the joint spaces (black arrows) with widening on the left side. Also
note the position of the limbs: the left femur is flexed and externally rotated. The
intertrochanteric line (white arrows) should not be mistaken for a fracture line. A septic
joint must be considered with such prominent joint-space asymmetry. Other incidental
findings include various calcifications in the pelvis: these regular, smooth, sometimes
corticated densities are termed phleboliths. There is also vascular calcification seen in
the proximal right leg medial to the femur.
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Figure 11.29. Chondrocalcinosis of the knee. A 55-year-old woman presents with pain and swelling in her right knee after “twisting” it while
walking up stairs 4 days ago. She states that the swelling is not as bad as it was 2 days ago. A radiograph of her knee is shown in Figure 11.29A, with
a detailed image of the joint in B. Fine radiodense deposits can be seen in the meniscus on either side of the joint (arrows). These are characteristic
of the calcium pyrophosphate deposits of chondrocalcinosis, which have a predilection for hyaline cartilage and fibrocartilage (as in this case). The
majority of these deposits are asymptomatic, although they can cause symptoms such as an acute attack (sometimes precipitated by trauma, as in
this case) or as a result of ensuing DJD. They occur most commonly in the hips, knees, and wrists. With the patient’s history, absence of signs of an
infectious process, and relatively mild symptoms she was treated empirically with nonsteroidal antiinflammatory agents and referred to follow-up
with her primary care physician. Another case of chondrocalcinosis with more advanced associated DJD is shown in the right knee film seen in
Figure 11.29C and D. Again, the outline of the meniscus can be seen, but there are also deposits in the joint space (black arrows). The joint space is
narrowed; osteophyte formation (white arrow) and areas of subchondral osteopenia (arrowheads) suggest an acute inflammatory process involving
the adjacent cartilage.
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Figure 11.30 DJD of the knee. A 74-year-old male presents complaining of left knee pain after slipping and falling
on a patch of ice. He says that his knees are “always a bit creaky, but now this one’s really paining.” Physical exam
reveals a mild effusion, diffuse joint line tenderness, and characteristic osteoarthritic deformities. Figures 11.30A
and B show his AP and lateral knee films (A and B are of the AP view with and without markers, and Figure C
and D similarly show the lateral view). The medial side of the knee joint is often more severely affected by DJD,
as is the case here. There is severe joint space narrowing, subchondral sclerosis (black arrowheads), osteophytes,
periarticular calcifications (white arrows), and a bone cyst (black arrow). The soft tissue density seen posterior
to the joint on the lateral is a calcified popliteal artery (white arrowheads). Significant fractures can be occult on
plain films of the knee, and severe osteoarthritis such as this further impedes interpretation. Depending on one’s
clinical suspicion, consider CT or arthrocentesis, looking for fat globules, which will identify an occult fracture.
The latter approach has the additional advantage of also relieving the pain of an effusion.
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Introduction to Bedside Ultrasound

Michael Peterson

Nothing has generated as much change in emergency medicine
in the past 15 years as the introduction of bedside ultrasound.
Why? Because physicians who have embraced this new tool real-
ize how important it is to their everyday practice and how lost
they would be without it. “Bedside ultrasound” means ultra-
sound examinations performed and interpreted by the treating
physician at the time of the patient encounter. Clinical questions
can be answered immediately, accelerating both decision mak-
ing and treatment. In acute situations where time to diagnosis
directly affects treatment and outcome, such as with penetrating
cardiac trauma, pericardial tamponade, intraperitoneal hemor-
rhage due to trauma or ectopic pregnancy, or leaking abdominal
aortic aneurysm, ultrasound can be a critical adjunct.

Ultrasound also benefits many procedures commonly per-
formed in the ED. The use of ultrasound for procedures was
underemphasized until recently, but it appears that it may now be
a major driving force behind the desire of practicing emergency
physicians (EPs) to learn ultrasound. No longer does inaccurate
clinical judgment have to be relied on to guide the decision to
perform time-consuming, expensive, and potentially hazardous
procedures. Central lines go in on the first attempt with a reduced
risk of puncturing an artery or having an unsuccessful procedure,
suspected abscesses are not needled or drained without knowing
whether there is a fluid collection present, paracentesis is nearly
100% successful with little risk of puncturing tethered bowel,
and pericardiocentesis is only done when there is pericardial
fluid to drain, with the needle placed exactly where it is wanted
(1),(2). Until bedside ultrasound, EPs were forced to make ini-
tial critical clinical decisions entirely on information from the
often imprecise history and physical examination. Now EPs can
directly visualize important internal signs of illness and injury
rapidly, conveniently, inexpensively, and noninvasively. Likewise,
procedures previously done in a blind percutaneous fashion can
be guided by direct visualization with ultrasound. Just as impor-
tant, ultrasound can prevent costly and hazardous attempts at
procedures that are unnecessary or have a low likelihood of
success.

The most important question that faces us now is how do we
best disseminate these skills to the practicing physician? Ultra-
sound training is currently a requirement in emergency medicine

residency. Many (unfortunately, not all) residents will finish resi-
dency as skilled sonographers, but training requires a significant
investment of time. Ultrasound cannot be learned from reading
a textbook or even going to a course; learning it requires practi-
cal experience under guidance. Physicians already in practice are
struggling with the facts that increasingly more of their newly
trained colleagues have ultrasound skills and that the standard of
care in emergency medicine is evolving toward requiring ultra-
sound skills in many clinical situations. As of yet, the ability to
perform bedside ultrasound is not standard of care in the ED,
but it is likely to become so in the near future. According to the
American Board of Emergency Medicine’s Longitudinal Study,
one-third of EPs now perform bedside ultrasound, and this num-
ber has grown regularly (3). The American College of Emergency
Physician’s (ACEP’s) Section on Ultrasound currently has more
than 500 members. In 2000, there were approximately three fel-
lowships in emergency ultrasound, whereas the Society for Aca-
demic Emergency Medicine now lists fourteen fellowships. It is
clear that interest in bedside ultrasound in emergency medicine
is rapidly expanding.

This chapter presents a general view of the pathway for physi-
cians to become skilled in the use of bedside sonography and the
elements required to implement a bedside ultrasound program.
Although bedside ultrasound requires a definite commitment to
training, it is not overwhelming. In the end, the physician will
likely be very pleased with the effort made and time spent to
advance his or her ultrasound skills to the benefit of his or her
practice and patients.

SELECTING AN ULTRASOUND MACHINE

A comprehensive discussion of the differences in ultrasound
machines is beyond the scope of this chapter. For this, the reader
is directed to other, more comprehensive emergency ultrasound
textbooks (4). There are, however, some general points and a
few tips worth considering when thinking about purchasing
an ultrasound machine. The first is cost: a typical ultrasound
machine used for emergency bedside ultrasound costs between
$20,000 and $50,000. This is significantly less than the more com-
prehensively equipped machines that the radiology department
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typically uses. Less complex machines are now marketed specif-
ically for bedside ultrasound. “List” prices are often deeply dis-
counted, and package purchases that include extra probes, print-
ing devices, and even maintenance contracts can save thousands
of dollars. Furthermore, machines do not have to be purchased;
they can also be leased. Some departments even borrow or
“inherit” old machines from elsewhere in the hospital.

The hospital typically purchases the ultrasound machine for
the ED. Hospitals can charge a “technical” fee, separate from
the physician’s fee, to recover machine and consumables costs.
Physicians should be involved in ultrasound equipment pur-
chase decisions, especially when it comes to probe selection and
features (such as color flow Doppler). Equipment options will
dictate what exams can be performed.

All ultrasound machines have the same basic controls, and
once you learn where the controls are you can operate just about
any machine. Ultrasound machines also have many features that
you are unlikely to use, including reporting functions and com-
plicated calculations packages. Do not let the complexity of the
keyboard put you off. If you are familiar with the following few
adjustments, you will be able to operate even the most com-
plex of equipment. The Preset or Exam Type button allows
you to tell the machine what kind of exam you are doing so
it can adjust to give you the best picture, the Gain adjustment
changes the brightness of the whole screen at once, the Time
Gain Compensation (TGC) sliding switches adjust the screen
brightness at various depths on the image, the Depth adjust-
ment shrinks or enlarges the image, the Freeze button freezes the
image so you can examine or print it, the Trackball or Cine Loop
adjustment allows you to scroll back through previous images
in case you were not quite fast enough on the Freeze button,
and the Calipers or Measurement function allows you to mea-
sure things on the screen. Knowing these functions will allow
you to perform 95% of what you need to do with an ultrasound
machine.

The whole idea of ultrasound is to create interpretable pic-
tures of internal anatomy, so the primary goal is to select a
machine that makes the best pictures possible. The best way
to decide which machine has the best picture is to compare opti-
mally adjusted machines side by side while scanning a standard
patient. This is easier to achieve than you might think, especially
if you visit a specialty conference or attend an ultrasound course
where ultrasound training or marketing is occurring. These
venues rely on ultrasound manufacturers to bring equipment
and technicians to assist with training and marketing; in return,
manufacturers hope to interest prospective buyers. Compare
machines by allowing the ultrasound technician (also known
as an “application specialist”) to scan you. You are the stan-
dard patient, and the technician ensures the machine is adjusted
for the best possible picture. Have the technician demonstrate
different types of exams because the same machine may per-
form differently with different probes and in different anatomi-
cal areas. Comparing how the heart looks on various machines
is especially important if you plan on imaging the heart (an
examination of the heart is part of the focused abdominal exam
for trauma [FAST] exam). If you do not know much about
ultrasound, bring along someone who can help you judge the
quality of the images. Once you have narrowed down machines
based on picture quality, start asking about features. For gen-
eral diagnostic use, avoid machines with very small or grainy
displays; they make interpretation difficult, especially from a
distance. Such machines may be useful as second machines for

specific uses, such as vascular access, where a small machine
that can fit easily next to a patient and a procedure tray is
handy.

Some important considerations that are sometimes over-
looked are: How long does it take the machine to be ready
for scanning after being turned on? Machines were originally
designed to stay in one place, be turned on in the morning and
turned off after the scanning day was over, so startup time was not
critical. Machines in the ED will be moved constantly and will be
turned on and off many times a day. Under these circumstances,
a startup time of 1 min or longer can be quite annoying. Also,
because the machine needs to be mobile, machine size should be
considered. Will the machine fit easily in the exam areas in your
ED? To comfortably scan, a machine needs to be placed next to
a patient’s bed with enough room left to get behind the machine
and plug it in.

The desire for a smaller size machine should be balanced
against screen size and machine durability. The more people
who use your machine and the more exams it performs, the more
likely it will be handled roughly and damaged. Once ultrasound
is integrated into the ED, you will find it rapidly becomes an
essential piece of equipment. Manufacturer support is the key
to minimizing machine downtime. Equipment failures are not
uncommon, usually from dropped probes or probe cord damage
from the ultrasound wheels. The quality of support varies by
manufacturer and depends to a great extent on the specific repair
person for any geographic area. Find out if other services in the
hospital or other hospitals in your area use equipment from
the same manufacturer. If so, has their experience with service
and repairs been satisfactory? Does the manufacturer respond
promptly to requests for repair? Remember that the ED operates
around the clock, which is four times as many hours as are in
the typical business week. This translates into higher ultrasound
utilization and repair needs. Unless you have ready access to
funding for intermittent repair service, consider investing in a
maintenance contract. Remember, however, that these contracts
do not cover “abuse”; the best protection against loss due to abuse
is to educate and continually remind physicians about machine
care.

Options

The most important options you will consider are probes. Probes,
based on their shape and frequency (frequency relates to depth
of visualization and picture detail), will dictate what you can do
with your machine. The four basic probe types are small curved
linear array – for abdominal examination and FAST in large
children and adults, as well as cardiac examination; endovaginal
– for evaluations of early pregnancy; high-frequency linear array
– for high-resolution imaging of superficial structures, used in
vascular access, foreign body detection, abscess evaluation, and
for abdominal exams on smaller children; and phased array –
for higher-quality cardiac examination. It is generally cheaper to
get all the probes you need when buying the machine because
individually purchased probes can be very expensive ($5,000–
$10,000). However, probes can often be added later if you are
not sure of your needs. Make sure that the machine you purchase
will support probes you might be interested in in the future. I
recommend purchasing at least the first three probes mentioned
above, and the fourth (phased array) if your budget allows. The
phased array probe will help reduce the number of false-positive
pericardial fluid exams.
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Next consider if you want options such as color flow Doppler,
which is helpful when trying to differentiate a vessel from a static
fluid collection, although this can also be done with the pulsed
wave Doppler found on less expensive machines. Power Doppler
is essential if you want to look for blood flow in low blood flow
areas, such as the testes or ovaries, to rule out torsion. Even
if you think you will not be doing these exams, I suggest that
you purchase these options if you can afford them. Ultrasound
applications in emergency medicine are rapidly expanding and,
assuming that an ultrasound machine’s life expectancy is about
5 years, you may not get the chance to upgrade for some time.

TRAINING

The most widely used training guidelines in emergency bedside
ultrasound were published by the ACEP in 2001; they outline the
type and amount of experience a physician needs to be consid-
ered competent in “limited” emergency ultrasound (5). “Lim-
ited” exams do not look for all pathology, but only certain spe-
cific findings that assist with immediate patient care decisions.
The advantage of limited exams is that they can be learned with
limited training. Also published by the ACEP is the Emergency
Ultrasound Imaging Criteria Compendium, which describes the
indications and methods of examination for many of the limited
exams done by EPs (6). Both documents are available free of
charge from the ACEP.

Training generally starts with classroom work, including lec-
tures and hands-on ultrasound practice on model patients. After
the class work, physicians practice their exam skills in the ED
by performing additional exams and confirming their results
(“experiential training”), until they have performed between
twenty-five to fifty exams of any given type. Although it is sug-
gested by some experts, the ACEP guidelines do not require any
specific testing of competency after the completion of the experi-
ential training. Each individual ED group should develop a plan
outlining the requirements for the amount of training needed
for privileging in ultrasound.

Procedural ultrasound applications are simpler to master, so
training requirements are generally less. According to the ACEP
training guidelines for procedural ultrasound, as long as a physi-
cian is privileged in the procedure and in some other applica-
tion in ultrasound, no additional experience is required (5). The
ACEP gives no specific guidance for physicians who want to
learn only procedural ultrasound and hold no other ultrasound
privileges. At our institution, we require three proctored exams
for each procedural ultrasound application, in addition to being
trained in one diagnostic ultrasound application.

The experiential component of training is the most diffi-
cult to complete because practicing physicians are often left to
their own devices to collect practice exams during busy ED shifts.
Rarely is a more experienced individual available to assist if there
are difficulties in performing the exam. Although the logistic dif-
ficulties with this part of the training experience have not been
completely solved to my knowledge, there are ways to get assis-
tance with experiential training. An expert teacher can be hired;
this can be an experienced physician from a training program
that will travel to teach or a moonlighting ultrasound technician.
Also available are services that will review videotaped exams for
accuracy. Physicians may want to gain experience by sitting and
performing exams with sonographers in the ultrasound depart-
ment at their hospital. Some ultrasound training programs offer
on-site “minifellowships” that give intensive ultrasound training

over days or weeks. Once a pool of trained physicians is built up
within your organization, teaching duties can be transferred to
them.

POLICIES

A well-structured ultrasound program should have training
and usage policies, and should be set up with cooperation and
approval of the hospital governing body. Example policies from
other facilities using ultrasound can be acquired and modified
to your needs. The following policies should be in place before
beginning any training:

■ Training
■ Privileging
■ Results reporting and archiving
■ Quality improvement
■ Billing
■ Equipment care

Training

The exact training requirements should be laid out for each type
of exam. Requirements should include the amount of introduc-
tory and application-specific didactic education, as well as the
number of practice exams required for training in each applica-
tion. I recommend requiring that a minimum number of practice
exams have the abnormal finding (gallstones, abdominal aortic
aneurysm, etc.) of interest. Consider instituting a competency
assessment after training to ensure competency. This could be a
written exam, image interpretation test, practical assessment, or
a combination of these. Program requirements should meet or
exceed the ACEP training guidelines.

Privileging

This document should define eligibility for hospital privileges for
bedside ultrasound, and the process for obtaining both provi-
sional and full privileges. It should address the training and expe-
rience requirements for both those who are training at the hos-
pital and those who were previously trained, and should define
what having privileges allows the physician to do. Will each exam
type be a separate privilege requiring multiple submissions to
the hospital governing body? A better way to accomplish the
same goal is to have a general privilege in limited emergency
ultrasound at the hospital level and to regulate which exams
providers are allowed to do (based on their specific experience
and training) at the department level.

Results Reporting and Archiving

This policy should outline the method for reporting results to
the medical record and delineate who is allowed to report. It is
a good idea to restrict unprivileged providers from using and
reporting their ultrasound results. The method of image storage
should also be defined.

Billing

This policy should define when exams are to be billed. Clearly,
exams done by unprivileged providers should not be billed to pa-
tients, except in extreme circumstances (e.g., in a truly emergent
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situation where an unprivileged provider used ultrasound in a
clearly lifesaving role). Ethically speaking, exams should only be
billed when they add value to the patient’s visit. There may be
times when, because bedside ultrasound carries no significant
risk, an exam is performed for a marginal indication. Providers
should have the right to request such exams not be billed if, in
their judgment, it did not add value to the patient’s visit.

Equipment Care

The very nature of the use of ultrasound equipment in the ED,
multiple users who move and use the equipment frequently in
a time-pressured manner, tends to lead to innocent abuse of
ED ultrasound machines. The equipment care policy should
include tips for keeping the ultrasound safe from damage, includ-
ing probe and cord usage and storage, and ultrasound machine
placement when not in use. An exposed ultrasound machine is
vulnerable to being hit by other mobile equipment, including
portable x-ray machines and gurneys. Probes are easily damaged
by being dropped, and cords are lacerated when run over by the
ultrasound machine wheels.

The policy should also include specific instructions for the
cleaning of probes to prevent disease transmission. Care must be
taken to make sure the cleaning plan is consistent with hospital
infection control policies and the American Institute for Ultra-
sound in Medicine’s probe cleaning policies (7),(8). To ensure
the ultrasound machine warranty is not voided, the cleaning
protocol must use agents and techniques approved by the ultra-
sound manufacturer. Model the policy after those from other
services in the hospital, such as obstetrics and gynecology or
cardiology.

PRIVILEGING PRO CESS

The right to grant privileges to EPs in bedside ultrasound is
controlled by the hospital governing body. Resistance may be
encountered at the hospital level when trying to acquire priv-
ileges. When dealing with this resistance, it is helpful to know
that the American Medical Association supports the right of
individual specialties to use ultrasound and to set their own
standards in doing so (9). The ACEP considers ultrasound a skill
that falls under the scope of practice of emergency medicine,
as does the Accreditation Council for Graduate Medical Edu-
cation, which requires ultrasound training during residency in
emergency medicine (10),(11). Occasionally, hospitals require or
request that radiologists assist with the implementation of train-
ing or quality improvement (QI) programs for bedside ultra-
sound. This should be seen as a positive development and an
opportunity to build a relationship with a valuable partner. This
being said, training programs can function well without the assis-
tance of radiology departments, and many do.

Some programs opt to do bedside ultrasound without a for-
mal privileging process. This is a suboptimal approach; at a min-
imum, it leaves an ultrasound program vulnerable to termina-
tion without due process, and at its worst, it may put ultrasound
in the hands of undertrained physicians and lead to medical
misadventure.

D O CUMENTATION AND ARCHIVING OF
INTERPRETATIONS

Documentation of the results of a bedside ultrasound can be as
simple as a note in the patient’s medical record. Many programs

have developed forms to assist with this process. The advantage
of a form is that, when designed to limit what can be reported,
it can prevent physicians from interpreting ultrasound exams
beyond their expertise and privileging. A form can also contain
an explanation about the limited nature of the examination. At
our facility, we use an electronic form that archives our interpre-
tations on the hospital information system, making exam results
available to all physicians in the hospital. Electronic documen-
tation of exams makes queries for compliance (are unprivileged
providers doing exams?) and QI purposes possible. Regardless
of their format, results from exams used to make decisions about
patient care need to be placed in the medical record.

IMAGE ARCHIVING

Images of examinations need to be documented both for training
and for medical record and billing purposes. There are a variety
of methods to document images. The method used needs to be
determined before purchasing an ultrasound machine because
the machine must be configured correctly. Imaging documen-
tation can be done on paper using a thermal imager (common)
or a computer printer (less common). Choose a method that
retains image quality for the length of time required by law for
retention of medical records. Although it was originally believed
that thermal images degraded relatively quickly, we have found
that images taken more than 10 years ago or more have survived
relatively unchanged.

How you archive images depends on who needs to access
them. Paper images can be saved locally (in the ED) or placed in
the patient’s medical record. Digital images can be saved locally
or uploaded to the hospital information system using a compat-
ible interface. Make sure your machine has the correct options
installed to provide you with the desired archiving capability.

QUALIT Y IMPROVEMENT

Once physicians begin performing ultrasounds that influence
patient care, there should be a method of evaluating the accu-
racy of the interpretations and the degree to which physicians
are following documentation procedures. The Quality Improve-
ment (QI) program serves to identify problems with the program
in general and individual physicians in particular. Specific feed-
back should be given to providers about their compliance with
image labeling, image quality, image interpretation, and docu-
mentation policies. Bedside ultrasound results can be compared
with other clinical information to assess the quality of inter-
pretations. Providers will benefit from feedback about areas for
improvement. Certain providers may be identified as needing
additional training.

A QI program can consist of specific reviews of problem
cases, a random selection of cases, or, better yet, a combination
of both. A random review can be of a defined percentage of
cases examined for overall quality. Exam reports, images, and
the patient’s chart are pulled and reviewed for discrepancies.
Records of QI activities and provider feedback should be kept.

CONTINUING EDUCATION

Although the ACEP training guidelines suggest that physicians
receive continuing medical education (CME) in ultrasound,
there are no specific recommendations. Individual physicians
are free to decide the type and quantity of CME related to ultra-
sound they acquire. Ever-increasing demands on EPs for specific
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CME make it impractical to expect more than a small amount
of a physician’s time to be spent in ultrasound-related CME.
One exception is when learning a new ultrasound exam type:
physicians must take a minimal didactic component to become
trained, generally consisting of at least 1 h of didactic education
followed by 1 h of hands-on education. Experiential require-
ments for the exam must then be met.

BILLING

EPs are entitled to bill for ultrasound exams that they do. The
exams are generally billed as procedural or limited diagnostic
exams. A limited exam done by an EP does not necessarily pre-
clude a radiologist from performing and billing for a complete
exam of the same organ system or anatomical area, even on the
same day. EPs may also bill for multiple exams of the same type
(e.g., serial FAST exams) done on the same visit, as long as they
are clinically indicated. For a more detailed discussion of billing,
the reader is referred to the report on ultrasound billing pub-
lished by the ACEP (12). There are still some unresolved issues
about billing, and the reader is advised to consult with billing
professionals prior to billing for bedside ultrasound.

TROUBLESHO OTING/PITFALLS

There are predictable areas of difficulty in establishing and run-
ning an ultrasound program. Some common issues and concerns
are as follows:

1. How can I get an ultrasound machine? There are many
options, including looking for an ultrasound machine in the
hospital that is not being used by whomever it belongs to.
Ask the obstetrics and gynecology or radiology department
if they have an old machine they are willing to loan. Radiol-
ogists may like the idea of reducing the amount of calls the
often overworked on-call ultrasound technician gets after
hours.

Eventually, you will want state-of-the art equipment. Hos-
pitals may find the expense of buying or leasing equipment
for the ED a reasonable investment when they evaluate their
potential income from the technical charge generated by
each exam. If this approach is unsuccessful, present hospital
leadership with the documents mentioned previously in the
chapter that suggest bedside ultrasound is rapidly becoming
the standard of care in the ED.

2. How do we motivate physicians in our group to become trained?
This is a ubiquitous problem because clinicians are often too
busy to concentrate on collecting practice ultrasounds. One
suggestion is to get physicians trained quickly in at least one
application; additional applications take less effort to learn
than the first. Procedural uses are perfect as first applica-
tions because training requirements tend to be less demand-
ing. Hopefully, once the utility of performing ultrasound
is evident, physicians will see the benefit of expending the
effort.

3. The radiologists in our hospital do not support doing ultrasound
exams in the ED. Despite the arguments put forth about bed-
side ultrasound, it often comes down to a misunderstanding
about the economics. Some radiologists believe that physi-
cians performing bedside ultrasonography will cause radiol-
ogists to lose revenue, although this has never been shown.
In some institutions, radiologists have contracts as “exclu-
sive providers” of ultrasound. However, an argument can be

made that radiologists are not providing some exams that
are needed in the ED, either in terms of the exam type (e.g.,
ultrasound guidance for central lines in the ED is usually
not done by the radiology department) or the time frame in
which the exam is needed. Is the radiology department able to
provide FAST exams within the necessary time frame, often
5 to 10 min, to make critical operative decisions on a 24 h,
7 day-a-week basis? It follows that the radiology department
should either provide these exams or allow exceptions to the
contract.

4. Unprivileged physicians are using ultrasound for patient care
decisions. One of the functions of the QI program is to iden-
tify this activity and correct it. Untrained physicians are at
risk of making medical errors based on inexperienced inter-
pretation of exams; this places patients at risk and jeopardizes
the integrity of the ultrasound program.

5. Consultants are confusing a “practice” exam done by a
physician-in-training with an “official” exam done by a com-
pletely trained and privileged physician. Consultants may
assume that anyone who is performing an ultrasound exam
in the ED is trained and qualified to interpret their exam. It
is up to the physician-in-training to make it known that they
are not privileged in ultrasound. Better yet, physicians-in-
training should not communicate interpretations of practice
exams to anyone, including patients.

CONCLUSION

Ultrasound is an incredibly useful tool in the practice of emer-
gency medicine. Although requiring more than a small amount
of time to learn, the effort is well worth it. Nearly one-third of
practicing EPs and almost all currently graduating emergency
medicine residents possess ultrasound skills. Physicians plan-
ning on staying in emergency medicine for longer than 5 years
are likely to be faced with a practice and medicolegal environ-
ment where the ability to perform and interpret bedside ultra-
sound examinations is no longer optional. This aside, there is
still plenty of time to seek out and take advantage of educational
opportunities in bedside ultrasound.
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Physics of Ultrasound

Seric S. Cusick and Theodore J. Nielsen

Ultrasound provides unique advantages in the diagnostic imag-
ing of patients in the ED. A comprehensive understanding of
the physical principles supporting this modality is not manda-
tory for incorporation into an emergency medicine practice.
However, an appreciation for several fundamental concepts
and a solid grasp of the system controls will allow improved
image acquisition at the bedside and facilitate precise image
interpretation.

PRINCIPLES OF ULTRASOUND

The fundamental principal of diagnostic ultrasound relies on
the transmission of sound into the patient’s body and recep-
tion of reflected sound – which is then displayed as data for
interpretation. The sound energy used in diagnostic ultrasound
generally ranges from 2 to 13 MHz, far outside the range
detectable by the human ear (20–20,000 Hz). A simple anal-
ogy to assist in understanding the basic principle is the use of
sonar, in which sound waves are emitted and the sonar device
awaits the return of these impulses. Based on an assumed rate
of travel, the sonar device may then determine the distance of
objects by the time lapse from emission to return of a pulse of
sound.

The modern use of diagnostic ultrasound can be traced to
early use in the 1950s. Although the application of these early
systems differs significantly from the units at use in today’s EDs,
several important principles can be understood using this early
technology. A similar relationship described in the analogy of
the sonar system exists in ultrasound and is described here in a
simplified form. The creation of the ultrasonic energy is depen-
dent on the piezoelectric effect in which electricity is transmitted
into the probe, vibrating the crystals, and leading to the emis-
sion of sound. These sound waves then travel into the body at
the assumed rate of 1,540 m/s, are reflected off structures, and
return to the probe. This returning sound then vibrates the crys-
tals, which transmit this energy to electrical impulses. In A-mode
ultrasound – used in early diagnostic applications – stronger
returning signals were depicted as larger deflections on the Y-
axis of a graphical display. Modern B-mode imaging uses a gray
scale of at least 256 points to depict the strength of the returning

sound, with stronger signals being hyperechoic (“brighter” or
“whiter”) and the absence of returning signals being depicted as
anechoic (jet black), with intermediate strengths being assigned
shades of gray. The use of a time–distance relationship to plot the
location of a data point and a gray scale to depict the strength of a
given returning impulse allows the creation of a 2D image. The
relative intensity of the returning echoes is determined by the
acoustic impedance of the encountered tissues. Objects of high
acoustic impedance – such as gallstones – reflect most of the
sound back to the transducer and permit very little sound to
travel to deeper structures (described further in “Image Arti-
facts” section). Conversely, those of low impedance – such as the
urinary bladder – permit much of the sound to travel through,
reflecting little and resulting in a hypoechoic or anechoic signal
on B-mode imaging. Real-time ultrasound images are thereby
created through the repetition of this process multiple times per
second, allowing our minds to view motion as 11 to 60 frames per
second are generated. The basic process outlined here can then
be hindered by imaging artifacts and modified by the system
controls available to the sonographer.

SYSTEM CONTROLS

An understanding of basic system controls will allow the oper-
ator to obtain a quality diagnostic ultrasound image while
reducing unnecessary echo information and patient risk. This
section addresses the operation of fundamental controls for
image acquisition; however, each manufacturer may have spe-
cific technology and adjustments to enhance transmit and
return echo information. An ultrasound manufacturer’s clin-
ical representative or system manual may provide alternate
means for understanding controls specific to a particular
system.

Time Gain Compensation

Two fundamental controls are present that allow the operator
to adjust the brightness or image intensity of returning echo
information. Although some systems may also permit an auto
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adjustment of image intensity, prudent use would dictate an
understanding of the available manual adjustments.

Time gain compensation (TGC) adjusts returning echo
information relative to depth within the ultrasound image.
Effects of acoustic attenuation cause the ultrasound waves to
continually weaken as they propagate through the anatomy. If no
control was available, ultrasound images would generally appear
hyperechoic near the origin at the top of the screen and display
less echo information as the wave travels through the tissue to
the far field of the image. The TGC control allows the operator
to manually adjust or compensate the intensity of the return-
ing echoes for depth because additional time is required for the
echoes to return to the transducer from deeper structures. This
control permits an equal display of the intensity of echo infor-
mation from the top of the screen to the bottom. The goal of
the TGC control is to provide uniform amplification of return-
ing echo information, regardless of depth or distance from the
transducer.

Although TGC is the terminology generally used in describ-
ing this control, the actual operation of this control may vary
among manufacturers. Traditionally, TGC incorporates multi-
ple sliding controls often positioned with each corresponding to
a particular depth within the imaging field (Fig. 13.1.). Some
manufacturers may elect to replace the sliding controls with two
controls simply labeled “Near” and “Far”. The sliding controls
allow the sonographer to determine the image intensity at spe-
cific depths within an image, whereas near and far settings are
by design targeting the relative near half (closer to the probe and
top of the screen) and far half (away from the probe and closer to
the bottom of the screen). Furthermore, several newer machines
offer a feature that allows the user to depress a single button that
attempts to create uniform gain throughout the image. Regard-
less of which design is incorporated into the system being used,
the intent or correct operation of the control is to maintain a
uniform balance of echo intensity information.

Figure 13.1. Example of standard controls for time gain compensation.

Gain

As with the TGC control, the gain control allows a manual adjust-
ment of the intensity of the returning echoes. The difference,
however, is the location at which the amplification occurs. As
defined in the previous section, the TGC control allows ampli-
fication of the returning echoes at specific depth intervals, or at
the near and far components of the image display. In contrast,
the gain control amplifies all returning echoes equally, regardless
of depth.

The unit of measure is the decibel and may be displayed on
the screen as “db” or as a numerical value. This control may
be compared to a volume control on a radio. When the volume
or gain is increased, the “louder” or “brighter” returning echo
information will be displayed on the screen. A common error
for the novice sonographer is to employ excessive gain settings,
which reduce contrast resolution and the ability to appropriately
distinguish the presence of structures, their echogenicity, and
related borders. To minimize the perceived need for increased
gain, a dimly lit environment should be created for accurate
sonographic examination.

Resolution

Resolution may be most simply described as the ability to differ-
entiate among two distinct objects in the scanning plane. Axial
resolution refers to the discriminatory limits for objects that lie
within the beam axis and is directly related to the frequency. Lat-
eral resolution is the resolution among points perpendicular to
the imaging plane and is inversely related to the beam width.

Frequency
Transducers are designed for various applications and are

manufactured in a variety sizes and shapes. Physical shape and
technology are dictated by each manufacturer and may incorpo-
rate a variety of arrays, including mechanical, phased, convex,
and linear designs. Transmit frequency remains one of the funda-
mental features of all transducers. Many transducers allow mul-
tiple transmit frequencies to be incorporated into a single trans-
ducer and selected by the sonographer. The number of available
frequencies in a specific transducer is determined by its manu-
facturer and is related to its intended application. It is important
to remember that imaging frequency and Doppler frequency are
independent of each another. Higher imaging frequencies will
produce an image of increased resolution while sacrificing signal
penetration.

Higher frequencies are used to image superficial struc-
tures, whereas lower frequencies are used for deeper structures.
Although an increase in frequency generally improves image res-
olution, other factors must also be considered, including internal
focusing of the beam and the pulse length of the wave. The pulse
length is dependent on transducer characteristics designated by
the manufacturer. This may partially explain the finding that
simply increasing the transmit frequency of a transducer may
not always result in perceived increased resolution. Selecting the
transducer designed for the intended application and using the
highest imaging frequency that will penetrate to the targeted area
of interest will contribute to the best resolving capability.

Beam Width
If we consider the 2D profile of the ultrasound beam, we may

take creative license and compare it to the shape of an hourglass.
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The center point of the glass may be considered as the point at
which the greatest degree of beam convergence occurs. It is at
this level that anatomical structures will be displayed with great-
est lateral resolution. A user-modifiable focal zone may allow
the operator to adjust the width of the ultrasound beam relative
to depth, or more simply, where the greatest degree of conver-
gence will occur relative to the anteroposterior depth within the
image. Ideally, the focal zone should be positioned on the display
adjacent to the targeted area of interest because the ultrasound
beam profile will be the narrowest at this point. Multiple focal
zones may be selected, thereby increasing the resolving capability
throughout the image; however, multiple zones will decrease the
displayed frame rate, as additional processing time is required.
The resulting image will have less of a “real-time” appearance.
Single focal zone selections are usually sufficient for most cardiac
and abdominal examinations, although multiple focal zones may
be of greater value with superficial imaging when speed of trans-
ducer movement is at a minimum. Systems that do not offer a
user-selectable focal zone may possess technology that automat-
ically adjusts beam width to improve resolving capability when
the desired anatomy is positioned in the center of the display.

Depth, Magnification, and Zoom

The depth control allows the operator to manually adjust the
field of view, determining how much of the information deep to
the probe is displayed (range of information). This adjustment
results in the perceived increase or decrease in overall size of
the image. When an increase in depth is selected, the resulting
anatomical structures must appear smaller on the screen, so a
greater absolute depth may be displayed within a fixed monitor
size. If less depth is displayed, targeted structures within the
image will appear larger while sacrificing the interrogated depth
of tissue. Beginning an examination with a maximum depth
setting will ensure all anterior-to-posterior information will be
displayed, thus allowing the operator a large field of view to
ensure the desired anatomical structures are not missed. Once
the anatomical region of interest is identified, the depth setting
may be adjusted to ensure that the majority of the viewing area
is allotted to these structures.

The zoom function refers to an additional control that allows
an increase in the size of the anatomical structures displayed on
the screen. To zoom an image often refers to the operator selecting
a targeted area of interest within the image. Once the area is
identified, the zoom function allows a magnification of only the
selected area. The amount of zoom may be a fixed or adjustable
amount and depends on the system. Using this function may
be of particular interest when attempting to view small structures
within an image. Some systems may allow for the zoom function
to be used only during real-time scanning, whereas others may
allow this function to be activated on a still or frozen image in
the screen.

Acoustic Power

Acoustic power is defined as the amount of transmitted power or
amplitude incorporated to provide the pulse to the transducer.
Remember that TGC and gain are controls that affect the display
of returning echo information via amplification or modifica-
tion of the obtained information. The power emitted from the
transducer affects all aspects of scanning from image acquisi-
tion to Doppler. The amount of power may be displayed on the

ultrasound screen as a numerical value or simply identified as
a percentage value. Some ultrasound systems do not allow an
adjustment of acoustic power, with power output values inter-
nally assigned by the manufacturer for each mode of operation.
Indices of transmitted power are often displayed on the ultra-
sound screen as mechanical index (MI) and thermal index (TI).
Multiple system controls may affect the calculated values associ-
ated with MI and TI, including acoustic power, scanning mode,
and pulse repetition frequency, among others. In the event that
manual adjustment of the power is afforded, the sonographer
should attempt to modify other parameters prior to increasing
transmitted power in accordance with the “as low as reason-
ably achievable” (ALARA) principle described in the “Biological
Effects” section.

Measurement and Analysis

Basic distance measurements are among the most commonly
used calculations on an ultrasound system. Many systems allow
for multiple calipers to be displayed simultaneously, with shape-
specific (+ and ×) or alphabetically labeled (A and B) caliper
end points allowing measurements to be easily differentiated.
The calipers automatically calibrate as adjustments are made,
with distances displayed on the system monitor. Additional anal-
ysis packages available in each exam type or preset allow cal-
culations using standardized charts associated with previously
researched data. Examples of these parameters include gesta-
tional age, cardiac output, urinary bladder volume, and fetal
heart rate. This measurement data may also be associated with
report pages designed to provide a summary of information on
conclusion of the examination.

Doppler

A detailed discussion of Doppler physics and appropriate appli-
cation is beyond the scope and intent of this chapter. That which
follows is an introduction to the modes of Doppler available
on common ED systems and possible indications. The use of
Doppler in clinical imaging is largely dependent on pulsed wave
technology. Pulses of sound are emitted into tissues and reflected
back to the probe. In addition to the information of intensity and
time used to establish B-mode images, Doppler modes assess the
frequency of the returning sound. Due to the frequency shift that
occurs when the ultrasound beam is reflected off moving parti-
cles, the unit is able to determine direction and velocity of the
moving particles by incorporating the change in frequency into
the Doppler equation. The most clinically relevant feature of this
calculation – which is not discussed in detail here – is the cos �

present in the numerator. As the cos 90 = zero, the Doppler
signal created by moving particles assessed at 90 degrees is nil.
Absence of Doppler signal when imaging vascular structures at
a perpendicular angle may be overcome by gentle angling of the
probe.

Color Doppler places a bidirectional color signal over stan-
dard B-mode imaging, indicating the presence of movement and
its direction in relationship to the transducer (Fig. 13.2). Note
that the color (red or blue) of the signal represents movement
toward or away from the transducer, is modifiable via the units
settings, and does not necessarily correspond to expected arterial
or venous conventions (red = artery, blue = vein) established
by anatomy texts.
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Figure 13.2. This image demonstrates the appearance of both color
Doppler – visualized as directional signal within the lumen of the ves-
sels – and pulse wave Doppler, which is the graphical display demon-
strating rate of movement over time.

Power Doppler uses a range of a single color – typically orange
– to indicate movement with the absence of a directional com-
ponent (Fig. 13.3). Due to characteristics of this technology that
limit background noise and artifact, power Doppler may be
employed with higher gain settings, enabling the sonographer
to assess anatomical regions with lower flow velocities.

Spectral Doppler allows placement of a sampling gate within a
region of interest and subsequent graphical representation of the
flow velocities plotted over time (Fig. 13.2). Characterization of
arterial and venous waveforms may then be performed, allowing
analysis of physiological conditions.

M-Mode

M-mode is a simple, alternative display to real-time B-mode
imaging that has limited, focused application in the emergency
setting. In this setting, motion of gray scale reflectors is plotted
against time in a graphical display (Fig. 13.4). This allows for

Figure 13.3. Color power Doppler – used here to demonstrate a “ring of
fire” around an ectopic pregnancy – indicates movement using a color
overlay, but lacks directional information.

Figure 13.4. The sampling gate for M-mode is placed over the car-
diac activity of a first-trimester fetus, yielding a graphical repre-
sentation of movement. Using the system’s software package allows
quantification of the fetal heart rate by measuring the distance
between two peaks.

interpretation and quantitative assessment of anatomical and
temporal patterns in applications such as cardiac ultrasound,
determination of fetal heart rate, and interpretation of lung
sonography in the detection of pneumothorax.

TRANSDUCER SELECTION

The sonographer must select a transducer for each exam with
consideration of the patient’s body habitus and the anatomy to
be visualized. Transducers hold varied footprints – areas that
participate in sound transmission and are intended to maintain
contact with the surface imaged – that may lend to use in certain
anatomical regions. In addition, each transducer determines the
range of frequencies available to the sonographer, impacting both
tissue penetration and resolution.

Mechanical Transducers

Historically, the piezoelectric effect described previously was cre-
ated via the mechanical oscillation of an individual crystal within
the transducer head. This resulted in a palpable vibratory sense
within the sonographer’s hand and afforded good imaging char-
acteristics obtained at a reasonable economic cost, but limited by
a fixed focal zone. An adjustable focal zone was obtained in these
probes through the use of an annular array, but these transducers
remain less common in the emergency setting today.

Array Transducer

Array transducers electronically “fire” probe elements in
sequence, creating the imaging field as displayed on the unit
monitor. The orientation of the crystals and the contour of
the probe footprint determine the shape and size of the image
obtained. A linear array transducer (Fig. 13.5) emits and receives
sound only in the field directly under the footprint of the probe.
Often, these possess high frequencies and are used in superfi-
cial and vascular applications. A curved, convex, or curvilinear
transducer maintains this rowlike orientation of elements, but
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Figure 13.5. Linear array transducer.

places it along a curved footprint. Therefore, the sound trav-
els into a sector-shaped region and produces an image that is
wider in the far field than the probe footprint. The relative width
of this far field is dependent on the depth of the image and
the degree of the footprint’s curvature. A standard curvilinear
abdominal probe (Fig. 13.6) places a gentle curvature across a
broad footprint. Conversely, a tighter curvature is placed over
a small footprint for an intracavitary probe (Fig. 13.7.), main-
taining a broad imaging field despite the required slim form
factor.

Phased Array Transducer

Rather than align crystals in a linear fashion to determine the
scanning field, phased array transducers rely on the electronic
“steering” of sound impulses emitted under precise timing from
multiple elements. Among other benefits, this allows a transducer
with a small footprint to produce a sector-shaped image with a

Figure 13.6. Convex (curvilinear) array transducer.

Figure 13.7. Intracavitary (curvilinear) transducer.

relatively wide far field. This has been most commonly employed
in cardiac transducers (Fig. 13.8.), permitting intercostal probe
placement for echocardiography.

IMAGE ARTIFACTS

Image artifacts may result from transducer design, anatomical
interfaces and their reflections, body habitus, and ultrasound
beam properties. Understanding and recognizing image artifacts
increases the knowledge of the sonographer, while minimizing
the risk associated with interpreting misleading information.
Some of the more common imaging artifacts are explored in
this section.

Attenuation

The process of attenuation refers to the loss of sound energy as
it passes through a medium. The rate at which this occurs is
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Figure 13.8. Phased array transducer.

dependent on the media through which the sound is traveling
and the inherent frequency of the sound – with higher frequen-
cies attenuating more rapidly. A small portion of this energy is
lost to the tissues and converted to heat in the process of absorp-
tion, while the remainder of this attenuation is due to reflection
and scattering of the initial sound energy.

Acoustic Shadowing

One of the more common ultrasound imaging artifacts is acous-
tic shadowing. The reasons for shadowing include anatomical
reflections, certain pathological conditions, and associated sono-
graphic properties. When the ultrasound beam interacts with
a highly attenuating structure, much of the energy is reflected
back to the transducer with little or no acoustic energy con-
tinuing to travel to deep structures. Because no sound is able
to travel to deeper structures, an anechoic region is displayed
posteriorly. Bone, calcifications, and gallstones are examples
that demonstrate this phenomenon as seen in Figures 13.9
and 13.10.

Refraction

Directional changes of the ultrasound beam may also be associ-
ated with perceived shadowing. As the sound passes through a
boundary of two tissue types – particularly of varied impedance
– an artifact termed lateral cystic shadowing or edge artifact may
result. Significant differences in the propagation speed of sound
through these tissues result in deflection of the path of sound.
The absence of echoes returning from the region deep to the

Figure 13.9. Image of the right upper quadrant demonstrating features
of cholecystitis. Note the hyperechoic gallstone (GS) causing poste-
rior acoustic shadowing (arrows). The interface between the hepatic
parenchyma and the gallbladder wall frequently results in refraction,
which is seen here as lateral cystic shadowing (arrowheads).

point of this refraction results in the appearance of an “acoustic
shadow” (Figs. 13.9 and 13.11).

Acoustic Enhancement

In contrast to acoustic shadowing, posterior acoustic enhance-
ment occurs when sound crosses a tissue that attenuates the sig-
nal less when compared to the surrounding anatomy. Anatomical
structures of low impedances often result in acoustic enhance-
ment – identified as a hyperechoic area displayed immediately
posterior to the structure and following the same angle of inter-
rogation (Figs. 13.10 and 13.12). This is commonly associated
with fluid-filled objects and is often appreciated when imaging
cysts, urinary bladders, and gallbladders. In addition, enhance-
ment may occur when the ultrasound beam encounters any type
of tissue that simply does not attenuate the signal with the same
degree when compared to the surrounding structures.

Figure 13.10. Ultrasound of the right upper quadrant in a patient with
cholecystitis. Two artifacts may be appreciated here: posterior acoustic
shadowing (black arrowheads) deep to the multiple gallstones and pos-
terior acoustic enhancement (white arrows) seen relative to surround-
ing hepatic tissue as sound travels through the lumen of the gallbladder
(GB).
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Figure 13.11. Right upper quadrant image of a contracted gallbladder
(GB) in long axis seen adjacent to the portal triad (P), demonstrating
lateral cystic shadowing (arrowheads).

Scatter

Bowel gas represents a frequent cause of scatter – an artifact
that plagues many attempts at abdominal sonography. Partly
due to the large differences in density that exists between gas
molecules and soft tissue, the ultrasound beam that encounters
bowel is often scattered and reflected at unpredictable angles,
resulting in little diagnostic information returning to the probe
(Fig. 13.13). Changes in the transducer angle of interrogation,
slight transducer pressure to displace bowel gas, or repositioning
of the patient may improve visualization through an alternate
acoustic window.

Reverberation

Reverberation artifacts may appear as recurrent bright arcs dis-
played at equidistant intervals from the transducer. When two
highly reflective objects are positioned in close proximity to each
other, the returning echo may reverberate or “bounce” between
the two structures, and the resulting reverberation artifact will

Figure 13.12. Intracavitary ultrasound of intrauterine pregnancy
demonstrating gestational sac (GS) with yolk sac and posterior acous-
tic enhancement (arrows).

Figure 13.13. Abdominal sonography limited by commonly encoun-
tered artifact of scatter, obscuring visualization of anatomical struc-
tures. Also note excellent example of reverberation artifact (arrow-
head).

lose energy with each propagation. Often, the reverberation arti-
fact will appear at or near the anterior wall of a distended uri-
nary bladder (Fig. 13.14), across the anterior portion of the gall-
bladder, or even deep to reflective foreign objects (Fig. 13.15).
Changes in transducer frequency, patient positioning, or angle of
interrogation may reduce or minimize their appearance; how-
ever, reverberation artifacts are generally not confused with a
pathological condition.

Ring-down artifact is a type of reverberation artifact that is
often seen when imaging the abdomen. The interface between
air and visceral structures may result in projection of tightly
spaced echoes deep to the origination of this artifact secondary
to the reverberation of sound caused by air trapped within a fluid
collection (1). This may originate at the normal interface that
occurs within bowel (Figs. 13.13 and 13.16.), or in pathological
intraabdominal conditions (Fig. 13.17). The term “ring-down” is
also used to describe the artifact that may occur deep to metallic
objects, such as a foreign body or a needle during procedural
ultrasound.

Figure 13.14. Urinary bladder sonography notable for reverberation
artifacts in the near field; note the repetitive hyperechoic artifacts mir-
roring the probe curvature and crossing tissue boundaries.
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Figure 13.15. Dynamic ultrasound of median nerve block. The needle
(tip indicated by arrow) is associated with reverberation artifact and
seen as evenly spaced, repetitive echoes into the far field.

Comet tail artifact is another term used to describe a spe-
cific form of reverberation. The initial description of this phe-
nomenon was in association with a metallic foreign body (2),
but has more recently been applied to artifacts occurring in tho-
racic ultrasound (3)–(6). Repetitive reflections originating at the
pleural interface extend deep into the imaging field, widening as
they progress when performed with a phased or curved array
transducer as seen in Figure 13.18.

Mirror Image Artifact

Mirror image artifact refers to the appearance of identical echoes –
one being false – on either side of a strong reflector due to changes
in the path of the ultrasound beam. Recall that the ultrasound
system identifies the depth and position of reflected sound rela-
tive to speed of sound in tissue and the time necessary to return

Figure 13.16. Ring-down artifact originating from normal bowel
during an abdominal ultrasound.

Figure 13.17. Right upper quadrant ultrasound in gangrenous chole-
cystitis. Air in the anterior wall of the gallbladder results in comet tail
artifact (arrowhead).

to the transducer – all assuming a direct line of travel. If the ultra-
sound beam performs multiple reflections during its course, the
correct signal timing is interrupted and results in the placement
of this echo deeper into the field than the actual source (the
explanation of this phenomenon has also led to it being termed
a “multipath artifact”). The duplicate echoes occurring deeper
are the mirror or “false” echoes. Mirror image artifacts are often
visualized about the diaphragm, resulting in the appearance of
hepatic tissue on either side of the diaphragm (Fig. 13.19).

Side Lobes

Although we describe a solitary sound wave of uniform fre-
quency that is transmitted from the transducer along a plane
parallel to the central axis of the transducer, ultrasound beams
of lower intensity (side lobes) may actually originate at vari-
ous angles to the primary beam. These side lobes may result in
inaccurate information being displayed that is associated with
highly reflective interfaces and may appear as an oblique line of
acoustic reflections, or result in inaccurate placement of echoes
(Fig. 13.20). Minor adjustments in the angle of interrogation will

Figure 13.18. Thoracic sonography with phased array transducer
demonstrating single comet tail artifact (arrow) emanating from the
pleural line (arrowhead).
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Figure 13.19. Right upper quadrant image obtained during a focused
assessment with sonography in trauma (FAST). The diaphragm (arrow-
heads) creates a highly reflective surface when adjacent to normal lung.
The true image of hepatic tissue (H) is also displayed on the left side
of the image – superior to the diaphragm – as a mirror image artifact
(M).

often abate these artifacts and confirm the returning echoes as
side lobes.

BIOLO GICAL EFFECTS

Diagnostic ultrasound is generally regarded as a safe modal-
ity with no harmful bioeffects to humans reported in the lit-
erature. Considered a noninvasive imaging modality, potential
risks associated with the various modes of ultrasound do exist,

Figure 13.20. A longitudinal image of the urinary bladder demon-
strates two common artifacts. In the near field, again seen is reverber-
ation artifact, shown more clearly in Figure 14. In addition, side lobe
artifact (black arrow) is seen near the apex of the bladder as a collection
of hyperechoic signals.

and prudent use dictates that the sonographer incorporate an
understanding of those effects while minimizing patient risk.
ALARA is an acronym the American Institute of Ultrasound
in Medicine (AIUM) has adopted and is designed to guide the
sonographer toward practicing ultrasound parameters that min-
imize the patient risk potentially associated with higher output
levels and the effects of increased time for various modes of
ultrasound (7). For example, controls such as frequency, TGC,
and gain should be optimized prior to increasing acoustic power
capabilities in an attempt to produce a high-quality diagnostic
ultrasound image. Furthermore, due to the increase in trans-
mitted power associated with Doppler technology, these modes
should be avoided in general obstetrical imaging. MI and TI
values provide information to the operator to determine if the
current system settings may be adjusted to reduce the potential
risk of biological effects to the patient. Current statements from
the AIUM report the absence of data indicating risk of bioeffects
at MI <0.3 and TI <2 (7).

SUMMARY

This chapter introduces the physical fundamentals that form
the foundation for the use of diagnostic imaging in the emer-
gency setting. For providers interested in a more detailed dis-
cussion of Doppler physics, bioeffects, and imaging artifacts, the
authors have provided a select list of references (8),(9). However,
an understanding of the presented concepts will allow improved
image acquisition, effective management of system controls, and
enhanced accuracy in image interpretation.
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Biliary Ultrasound

William Scruggs and Laleh Gharahbaghian

INDICATIONS

Biliary ultrasound is part of any complete abdominal ultrasound
and limited right upper quadrant ultrasound. A limited right
upper quadrant ultrasound will generally image the liver, gall-
bladder, biliary ducts, and pancreas. The most common indica-
tion for ordering a right upper quadrant ultrasound from the ED
is right upper quadrant or epigastric pain. Biliary pathology is
the most common cause of abdominal pain presenting to the ED
in patients older than age 50 years (1). It can present with pain
and tenderness that is diffuse and poorly localized, or in locations
other than the right upper quadrant. Biliary ultrasound may be
indicated in these patients if other studies are negative or suggest
right upper quadrant pathology.

Further indications for right upper quadrant ultrasound
include newly elevated liver enzymes, hyperbilirubinemia, and
hyperlipasemia without a known cause. Unexplained fever in the
critically ill patient requires ultrasound of the biliary system to
rule out acalculous cholecystitis. Many parasitic infections can
lead to liver abscess development or biliary pathology, and ultra-
sound can be used for diagnostic purposes. Finally, ultrasound
is used to direct drainage procedures such as cholecystostomies,
abscess drainage, and biopsies.

DIAGNOSTIC CAPABILITIES

Right upper quadrant ultrasound is the initial imaging modality
to diagnose biliary disease in the ED. It is noninvasive, rapid,
relatively inexpensive, and does not require administration of
contrast or radioactive agents. Plain films and CT are not accu-
rate for the diagnosis of gallstones or cholecystitis, although CT
can accurately measure the gallbladder wall, identify perichole-
cystic fluid, identify biliary ductal dilation, and diagnose chole-
docholithiasis. Cholescintigraphy requires 1 to 4 h to perform,
depending on whether morphine is administered, and the proper
technicians are rarely available to ED physicians beyond business
hours. Moreover, it rarely diagnoses pathology beyond the bil-
iary tract, whereas ultrasound allows for visualization of other
abdominal structures.

Adjusting for verification bias inherent to most of the ultra-
sound literature, the sensitivity and specificity of ultrasound for

acute cholecystitis is 88% and 80%, respectively (2). Using the
same adjustments, gallstones are diagnosed with a sensitivity of
84% and a specificity of 99%. Cholescintigraphy is the “gold
standard” for the diagnosis of acute cholecystitis, with a sensi-
tivity of 97% and specificity of 90%, but it is not effective in
diagnosing gallstones. Complications of acute cholecystitis such
as gangrenous cholecystitis, gallbladder perforation, and emphy-
sematous cholecystitis can be diagnosed by ultrasound, but CT
can also very effectively demonstrate air and fluid in and around
the gallbladder. Ultrasound also accurately assesses the diameter
of the common bile duct (CBD) and can often visualize stones
within the ductal system.

A growing body of literature supports emergency physician
use of bedside ultrasound for the diagnosis of cholelithiasis and
acute cholecystitis. Unadjusted sensitivity for the diagnosis of
gallstones is 86% to 96%, with a specificity of 78% to 98%. Sen-
sitivity for the diagnosis of acute cholecystitis is 91% (3–6).

Abscesses and neoplasms of the liver are accurately diagnosed
with ultrasound. Abscess drainage and liver biopsies are com-
monly performed under ultrasound guidance. The same cannot
be said for the pancreas. The head of the pancreas is intimately
associated with the duodenum. The air in the duodenum makes
it virtually impossible to make a complete evaluation. Tumors,
pseudocysts, and abscesses may be identified, but CT is generally
considered a much more effective diagnostic imaging modality
for the pancreas.

IMAGING PITFALLS/LIMITATIONS

It is generally more difficult to perform abdominal ultrasound
on obese patients. This statement is particularly true with regard
to the liver, gallbladder, and associated structures. The more
abdominal fat that is present, the farther the probe lies from the
structure. As a result, a less detailed image is obtained. However,
body habitus is not a reason to abandon the modality. Increased
intestinal gas is more detrimental to biliary ultrasound because
colonic air in the hepatic flexure (sitting just inferior to the liver)
and duodenal air (directly inferior and posterior to the gallblad-
der and anterior to the pancreas) scatters sound waves, mak-
ing visualization difficult. This can be particularly problematic
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during the evaluation of urgent cases because inflammation can
cause adynamic ileus in the bowel surrounding affected struc-
tures. Adequate analgesia can assist sonologists because direct,
constant pressure, which tender patients may not allow, is needed
to push the air out of the way. Sonologists may use other tech-
niques to work around bowel such as changing the patient’s posi-
tion and giving the patient water to drink to displace duodenal
air.

The limitations of ultrasound in the right upper quadrant are
few. Because ultrasound creates 2D images of 3D structures, the
experience level of the sonologist is very important. An inexperi-
enced sonologist may not acquire the necessary images for proper
diagnosis. For example, air in the duodenum may mimic gall-
stones, but an experienced operator should not be fooled. Finally,
in patients with extreme morbid obesity, it may be impossible to
acquire diagnostically adequate images.

It should be noted that ultrasound is not the most accurate
imaging study for cholecystitis. Clinicians should use choles-

A B
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Figure 14.1. The blind end of the gallbladder is the fundus. The body
tapers down to the neck, which continues to narrow and leads into the
cystic duct (A). In the short axis, the gallbladder appears spherical (B).
Both long- and short-axis views are obtained in a biliary ultrasound.
The main lobar fissure (MLF) is an important landmark in scanning the
gallbladder. With the gallbladder in the long axis, the MLF will appear
to connect the gallbladder and portal vein. The tapered gallbladder
and circular portal vein in the short axis creates a classic “exclamation
point” sign (C).

cintigraphy when clinical suspicion is high and the ultrasound
is negative. Pathology at the distal end of the biliary duct and
in the pancreas is difficult to assess with ultrasound. Therefore,
CT, MRI, or endoscopic retrograde cholangiopancreatography
(ERCP) may be necessary.

CLINICAL IMAGES

Gallbladder

The gallbladder is a pear-shaped, fluid-filled structure that func-
tions to store and excrete bile for the purpose of fat digestion
within the small bowel. It usually lies on the caudal surface
of the liver, but may be found within the liver parenchyma.
The upper limits of normal size are 10 cm in length and 4 cm
in width. The wall of the normal gallbladder is smooth, reg-
ular, and measures less than 3 mm. The interior is normally
anechoic.
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Figure 14.2. There are many variations in the appearance of the
gallbladder. Folds are common and are most often found near
the neck, but may be found anywhere within the gallbladder
(A–C), and many may be found within the same gallbladder (D).
A phrygian cap is a fold in the fundus of the gallbladder (D). The
gallbladder may also be compartmentalized by septations. Rarely,
the gallbladder may be duplicated.



Biliary Ultrasound 221
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Figure 14.3. The gallbladder wall is composed of three layers, which are visualized when the gallbladder is contracted (A). Sonogra-
phers measure the anterior gallbladder wall in either the short or long axis while taking care not to measure at an oblique angle (B).
The normal wall is less than 3 mm in width. A width between 3 and 4 mm is equivocal and greater than 4 mm is always abnormal.
Even when contracted, a healthy gallbladder wall will remain less than 3 mm in width. The causes of gallbladder wall thickening are
divided into biliary and nonbiliary, and are illustrated in Table 14.1.

Gallstones are implicated in most diseases of the gallbladder, including acute cholecystitis and neoplasms. They are common in the
human population, and their frequency varies by many factors such as race and gender. Approximately 8% of men and 17% of women
are affected(7). However, it is estimated that only one-third of patients with gallstones will experience symptoms. Approximately
75% of stones are cholesterol-based with the remainder being pigmented stones. Pigmented stones are separated into black pigment
stones, caused by chronic hemolysis, and brown pigment stones, formed during chronic anaerobic infections.

Gallstones may be found in any location within the gallbladder. Most stones are mobile and gravitationally dependent, meaning
that as the patient moves their gallstones will drop to the “lowest” point in the gallbladder. Some are adherent to the gallbladder
wall and can be difficult to differentiate from gallbladder wall polyps. Shadowing is an important distinguishing feature between
gallstones and polyps.

Table 14.1: Etiology of Gallbladder Wall Thickening

Primary Biliary Disease
Acute cholecystitis
Chronic cholecystitis
Adenomyomatosis

Non-Biliary Disease
Congestive heart failure
Hepatic cirrhosis
Hypoproteinemia
Renal failure
Hepatitis
Pancreatitis
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Figure 14.4. Gallstones are readily identified on ultrasound (A–H). The vast majority of stones are echogenic. Almost all
ultrasound waves directed toward a gallstone will reflect from the stone, creating an echogenic rim with dense shadowing
beyond. Gallstones as small as 1 mm can be identified with ultrasound. Imaging with higher frequency improves shadowing
and the ability to visualize gallstones. The type of stone cannot be determined based on ultrasound. However, pigmented stones
are typically softer and less likely to shadow (I).

Gallstones can be difficult to identify, particularly in a contracted gallbladder. The wall-echo-shadow sign, created when the
gallbladder completely contracts around a gallstone, is uncommonly found and can be difficult to identify. The wall is identified,
followed immediately by the echogenic rim of the stone and the dense shadowing of the stone (J–L).
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Figure 14.4. (Continued )
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Figure 14.5. Sludge consists of small crystals of cholesterol and calcium. It appears as nonshadowing, moderately echogenic particles
within the gallbladder. Often sludge will form a meniscus as it layers in the gallbladder (A–E). Tumefactive sludge is denser and
coalesces into “balls” that take shape rather than layering (F). Gallbladder sludge is homogenous in appearance. Sludge and soft
tissue masses can be difficult to differentiate. The use of color Doppler will help because soft tissue masses will exhibit blood flow.
The clinical significance of sludge is unknown. However, it is believed to be a risk factor for biliary complications such as acute
cholecystitis and is known to cause acute pancreatitis.
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Figure 14.6. Acute cholecystitis is caused by outlet obstruction of the gallbladder. Most often, a gallstone lodges in the neck of the gallbladder
or cystic duct, leading to increased pressure within the gallbladder and subsequent inflammation and ischemia of the gallbladder wall. Polyps,
tumors, and certain systemic diseases can also lead to obstruction and inflammation. This group is lumped under the term “acalculous acute
cholecystitis” and comprises 5% to 10% of acute cholecystitis cases.

There are six sonographic signs of acute cholecystitis, as illustrated in Table 14.2. There is no specific number of findings needed to diagnose
acute cholecystitis. Rather, each additional finding makes the diagnosis more likely, and they must all be related to the overall clinical picture. One
combination that has been studied includes the presence of gallstones with a sonographic Murphy’s sign, created by eliciting maximal pain by the
probe directly overlying the gallbladder while visualizing the gallbladder on the ultrasound. The combination of the two has a positive predictive
value of 92%(8).

Table 14.2: Sonographic Signs of Acute Cholecystitis

Gallstones
Impacted stone (in the neck of the gallbladder)
Thickened gallbladder wall (>3mm)
Pericholecystic fluid
Distended gallbladder (>10 cm length, >4 cm width)



226 Scruggs and Gharahbaghian
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Figure 14.7. Although the risk has not been quantified, it is believed that stones impacted at the neck of the gallbladder pose the greatest risk of
causing an outlet obstruction leading to acute cholecystitis (A, B).
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Figure 14.8. Pericholecystic fluid is only present in 20% of acute cholecystitis cases, but is an important finding because it may indicate more
advanced disease. Findings of fluid can be very subtle (A–D). The initial site of accumulation is usually around the neck of the gallbladder, but
larger amounts of fluid can track to the fundus.
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Figure 14.9. Thickening of the gallbladder wall is a common finding in acute and chronic cholecystitis (A–E). Ascites and CHF are
two common causes of wall thickening secondary to systemic diseases (F–H). The pattern of thickening is not useful in determining
the cause.
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Figure 14.10. Distention of the gallbladder beyond its normal limits
(10 cm in length, 4 cm in width) may indicate increased intraluminal
pressure and thereby identify cholecystitis (A–C). The direction of
the distention (length vs. transverse diameter) is not significant in
diagnosing cholecystitis.
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Figure 14.11. The sonographic Murphy’s sign indicates that the point of maximal tenderness in the abdomen is located immediately under the
probe when the gallbladder is visualized by ultrasound (A, B). Sonographers may need to compress many different sites on the abdomen to
identify the point of maximal tenderness.

Figure 14.12. There are several findings of advanced acute cholecystitis
that indicate a greater morbidity/mortality. Emphysematous cholecys-
titis occurs when anaerobic infection sets in and usually after ischemia
has occurred from prolonged distention. Air is found within the gall-
bladder walls, as noted by ring-down artifacts. Ulcerations, perfora-
tions, and mucosal sloughing of the gallbladder also signify advanced
disease. These complications generally occur in the elderly and the
diabetic.
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Figure 14.13. Gallbladder carcinoma is a rare cancer with a poor 5-year survival rate. Often, the cancer appears as irregular thickening of the
gallbladder wall. Its appearance can mimic the echogenicity of sludge, but the soft tissue of cancer will demonstrate Doppler flow. Gallbladder
carcinomas can take the form of a polyp. Polyps larger than 1 cm are much more likely to be cancerous. When suspicious of gallbladder carcinoma,
pay particular attention to possible sites of invasion, such as the liver and bile ducts.

A porcelain gallbladder may also be the presenting finding of gallbladder carcinoma. The term is used when extensive calcification occurs within
the gallbladder wall. The process is also related to chronic cholecystitis, but referral for prophylactic cholecystectomy and thorough evaluation for
metastases are indicated. Emphysematous cholecystitis can also take on this appearance. Be wary when comet tail artifacts appear from a calcified
gallbladder wall.
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Figure 14.14. Adenomyomatosis is a disease of hypertrophy of the gallbladder wall. The mucosal layer of the wall can push into the muscular
layer, creating sinuses that may fill with cholesterol crystals. These are called “Rokitansky-Aschoff sinuses,” and when they accumulate cholesterol
crystals, they create bright reflections within the anterior wall of the gallbladder that demonstrate ring-down artifacts. There may also be local or
diffuse gallbladder wall thickening. Adenomyomatosis is most often benign and asymptomatic. However, it can cause abdominal pain and may
require cholecystectomy.

The Bile Ducts

The biliary system is made up of the gallbladder, along with
the intra- and extrahepatic biliary ducts. The ducts are found
within the portal triad, along with the portal veins and hepatic
arteries. The intrahepatic ducts form in the subsegments of the
liver and course toward the porta hepatis where they form the
common hepatic duct (CHD). The CHD then meets the cystic
duct from the gallbladder to form the common CBD, which
traverses behind the duodenum and into the pancreas. There it
usually joins the pancreatic duct at the ampulla of Vater, where
bile is expressed into the duodenum.

It is very difficult to identify the confluence of the hepatic
duct and cystic duct. Therefore, we generally refer to the CHD
and CBD and divide it into the proximal, mid, and distal duct.
The proximal CBD is found anterior to the right portal vein.
The mid-CBD is posterior to the duodenum. The distal CBD lies
in the head of the pancreas and meets the pancreatic duct. The
CHD may be measured as a surrogate for the CBD.

The CBD is measured from inner wall to inner wall. A normal
CBD will be less than 6 mm in diameter, and 6 to 8 mm is
considered equivocal. A CBD greater than 8 mm in diameter is
abnormally dilated. The CBD does gradually dilate with age. A
rule of thumb is to add 1 mm for every decade over 60 years.
However, given the frequency of gallbladder disease in this age
group, it is wise to be cautious while evaluating a dilated CBD.
After a cholecystectomy, the CBD commonly will dilate to as
much as 1 cm in diameter.

The intrahepatic ducts are more difficult to evaluate because
they are normally very narrow (less than 2 mm) in the periphery.
They should never be more than 40% of the diameter of the
adjacent portal vein. Vessels and ducts also differ in that the
diameter of bile ducts varies through its course, whereas arteries
remain consistent. In addition, bile ducts tend to create stellate
patterns at their confluences when they join into larger ducts
(especially when dilated).

A B

Figure 14.15. At its origin, the CBD runs anterior to the portal vein, along with the right hepatic artery. In the short axis, the three have the
appearance of a Mickey Mouse drawing (A, B). The right ear generally corresponds to the CBD, the left to the hepatic artery, and Mickey’s head is
the portal vein.
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Figure 14.16. In the Mickey Mouse view, both the right hepatic artery
and the CBD run anterior to the portal vein. Depending on the direction
of the ultrasound beam, either may be visualized anterior to the vein
in the long axis. It is important to visualize the right hepatic artery in
order to avoid mistaking it for the CBD. This is done in one of two ways.
First, Doppler can be used to identify flow within the artery in the long
axis as it runs parallel to the portal vein (A, B). The CBD will not show
Doppler flow. Second, the right hepatic artery becomes perpendicular
to the CBD and portal vein deeper within the liver parenchyma. It can
often be identified in the short axis versus the long axis of the other two
structures (C). There are variants to the normal appearance of the right
hepatic arteries, including an anterior course to the CBD and duplicated
arteries.

A B

Figure 14.17. The distal portion of the CBD is found within the head of the pancreas. Image (A) demonstrates the distal CBD in the short axis.
Image (B) finds it in the long axis.
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Figure 14.18. The CBD is correctly measured inner wall to inner wall.
With obstruction of the CBD, intraluminal pressure builds and dilates
the duct (A–C). There are intrabiliary and extrabiliary causes of CBD
dilation, as illustrated by Table 14.3.

Table 14.3: Causes of Biliary Obstruction

Intrahepatic
De novo stones
Parasitic infection
Neoplasm

Extrahepatic
Choledocolithiasis
Mirizzi syndrome
Cholangitis
Cholangiocarcinoma
Pancreatic neoplasm
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Figure 14.19. The intrahepatic biliary ducts are not normally visual-
ized due to their small size. Duct obstruction leads to dilation (A, B). It
is important to use Doppler when evaluating the ducts because it can
be difficult to distinguish vasculature from duct (C, D). In the periph-
ery of the liver, dilated biliary ducts may show a classic “shotgun”
appearance (E).
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Figure 14.20. Gallstones are a rare finding within the biliary ducts (A–C). Those within the CBD almost always originate from the gallbladder.
Those within the intrahepatic ducts form within the ducts. They may be cholesterol-based (like those from the gallbladder), black stones secondary
to chronic hemolysis, or brown stones caused by chronic infection.

Air within the biliary tree is due to severe infection or procedure such as stent placement or ERCP. The air appears as variable (but generally
bright) echoes with indistinct shadowing (D).
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Trauma Ultrasound

Bret Nelson

INDICATIONS

The use of ultrasound in acute trauma has increased dramati-
cally over the past 30 years. In the 1970s, ultrasound was first used
to diagnose hemoperitoneum in the setting of blunt abdominal
trauma. Since then, advances in ultrasound technology have led
to portable machines that are smaller, easier to use, and boast
image quality comparable to their much larger counterparts.
Thus, the range of traumatic conditions amenable to assessment
with bedside sonography has increased dramatically. Bedside
ultrasound is indicated in any patient with penetrating or blunt
thoracoabdominal trauma, and may be useful in the assessment
of cranial trauma and long bone fractures as well.

The oldest and most established indication for ultrasound
in the ED is blunt abdominal trauma. The focused assessment
with sonography in trauma (FAST) exam has become a standard
imaging modality in the setting of acute trauma and has been
incorporated into the American College of Surgeons’ Advanced
Trauma Life Support guidelines. Ultrasound can be used to
assess for free intraperitoneal fluid, and many decision rules sup-
port early operative intervention in patients with hemodynamic
instability and hemoperitoneum. Hemoperitoneum can also be
demonstrated in the setting of penetrating abdominal trauma.

When the FAST exam was first employed, a brief cardiac
exam was performed to assess for hemopericardium and tam-
ponade. Although this assessment is more useful in penetrating
thoracic trauma than in blunt thoracic trauma, positive findings
can rapidly alter management. A more thorough assessment of
the thorax in both blunt and penetrating thoracic trauma has
recently been advocated, with evaluation for pneumothorax and
hemothorax incorporated into an extended FAST exam. Thus,
most life-threatening thoracoabdominal injuries (hemoperi-
toneum, hemopericardium, cardiac tamponade, pneumothorax,
and hemothorax) can be diagnosed noninvasively at the bedside
with ultrasound.

In the setting of acute cranial trauma, ultrasound may be
useful in the detection of elevated intracranial pressure. By mea-
suring the diameter of the optic nerve sheath, a quantitative
assessment of papilledema can be made, which can serve as a
marker of intracranial pressure.

The diagnosis of long bone fractures can be made at the
bedside by assessing for a break in the normal cortical contour
of bones. This technique has been employed in fractures of the
sternum, ribs, and extremities, and has even been used to guide
the reduction of fractures.

DIAGNOSTIC CAPABILITIES

In the setting of blunt abdominal trauma, rapidly ruling out
hemoperitoneum is critical. Ultrasound has demonstrated a
high negative predictive value (98%−100%), (1,2) with sensi-
tivities ranging from 86% to 94%. One study noted much lower
accuracy (false-negative rate of 78%) in the setting of seat belt
markings in blunt trauma (3); care should be taken in this set-
ting to place the FAST exam result in the appropriate clinical
context. The specificity for detecting injury has been reported
as high as 98%, with positive predictive values for hemoperi-
toneum ranging from 78% to 87% (1,2). Recently, intravenous
contrast (in the form of stabilized microbubbles) has been stud-
ied in the setting of blunt abdominal trauma to better detect
solid organ injury. This technique has demonstrated a sensitiv-
ity of 91.4%, a specificity of 100%, and positive and negative
predictive values of 100% and 92.5%, respectively, in a recent
study (4).

The FAST exam is less reliable in detecting hemoperitoneum
in penetrating abdominal injuries, with a sensitivity of 46% and
negative predictive value of 60% (5). Thus, additional imaging
is recommended in the setting of a negative FAST exam with
penetrating injury. However, the same authors noted a specificity
of 94% and a positive predictive value of 90%, making the study
very useful when positive.

The detection of hemopericardium in penetrating thoracic
injury has a high sensitivity and specificity (100%), (6) and has
been shown to allow faster disposition to surgery (7). As part of
the extended FAST exam, evaluation of the thorax for hemoth-
orax has a sensitivity of 97.5% and a specificity of 99.7% (8). In
cases of traumatic pneumothorax, ultrasound has a sensitivity
of 98%, specificity of 99%, and negative and positive predictive
values of 98% and 99% (9).

236
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In the evaluation of patients with suspected elevations in
intracranial pressure, optic nerve sheath diameter of greater than
5 mm had a sensitivity of 100% and a specificity of 95% when
compared with CT scan findings of elevated intracranial pres-
sure. The 5 mm cut-off yielded positive and negative predictive
values of 93% and 100%, respectively (10).

Although bedside ultrasound is 83% to 92% sensitive in
the detection of long bone fractures, the exam is highly spe-
cific (100%) (11). Some authors have used the technology to
diagnose and aid in the reduction of distal radius fractures to
good effect (100% success in 27 cases) (12).

IMAGING PITFALLS/LIMITATIONS

Thoracoabdominal sonography can be limited by patient body
habitus. Patients with larger girth necessitate longer distances
for the ultrasound beam to travel, and significant attenuation
of signal strength can occur. In the abdomen, bowel gas, subcu-

Figure 15.1. Normal FAST exam, Morison’s pouch.

Figure 15.2. Schematic representation of Morison’s pouch, demon-
strating 1. liver, 2. kidney, 3. diaphragm, and 4. Morison’s pouch.

taneous emphysema, pneumoperitoneum, and rib shadows can
hinder evaluation of deeper structures. Evaluation of the pelvis
for free fluid is optimal with a full bladder – a patient who has
recently voided or in whom a urethral catheter has been placed
will not image optimally. Because the FAST exam relies on free-
flowing fluid tracking to dependent areas within the peritoneum,
patients who are not lying flat or in Trendelenburg position may
yield false-negative results.

Evaluation of the heart and thorax can be limited by rib
shadows, emphysematous lungs, or subcutaneous emphysema.
The subxiphoid cardiac view is more difficult in patients with
large abdomens, and many operators will forego this approach
in favor of a parasternal view.

Imaging the orbit should be done with care; no pressure
should be applied to the eye, which could worsen pathology,
causing retinal detachment or a ruptured globe. Be sure to
fill the entire orbit with chilled gel prior to performing ultra-
sound.

CLINICAL IMAGES

Figure 15.3. Normal FAST exam, splenorenal recess.
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Figure 15.4. Schematic representation of the splenorenal recess, demonstrating 1. spleen, 2. kidney, 3. diaphragm, and 4. splenorenal
recess.

Figure 15.5. Normal FAST exam, pelvis.

Figure 15.6. Schematic representation of the pelvis, demonstrating 1. bladder and 2. rectum.
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Figure 15.7 Normal FAST exam, subxiphoid cardiac view.

Figure 15.8. Schematic representation of subxiphoid cardiac view demonstrating 1. left ventricle, 2. left atrium, 3. right ventricle, 4.
right atrium, 5. pericardium, and 6. liver.

A B

Figure 15.9. Normal costophrenic angle, right (A) and left (B). Note that the hemithorax above the diaphragm (asterisk) has a similar echotexture
to the liver below the diaphragm. This mirror image artifact is normal and suggests no free fluid in the thorax.
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Figure 15.10. Hemoperitoneum visualized in Morison’s pouch. Note
a significant amount of fluid in the peritoneum (asterisks) as well as
shadowing from overlying bowel gas (B).

A B

Figure 15.11. A and B. Hemoperitoneum (asterisks) in Morison’s pouch, demonstrating findings when a smaller amount of fluid is present. Note
a much thinner anechoic stripe.

A B

Figure 15.12. Hemoperitoneum (asterisks) visualized in the splenorenal recess (A) and surrounding spleen (B).
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A B

Figure 15.13. A and B. Hemoperitoneum (asterisks) visualized in the pelvis. In (B), note the small amount of fluid between the prostate (P) and
rectum (R).

A B

Figure 15.14. A and B. Hemopericardium (asterisks).
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A

C

B

Figure 15.15. Hematothorax, right (A and B) and left (C). Note that the
mirror image artifact is no longer present, and a clear anechoic area is
visible above the diaphragm (asterisk).

Figure 15.16. Noncontrast image of spleen. Image courtesy of
Dr. Gianni Zironi, Emergency Department, Medicine Unit, S. Orsola-
Malpighi Hospital, University of Bologna, Bologna, Italy.

Figure 15.17. Contrast image of spleen demonstrating rupture of cor-
tex. Image courtesy of Dr. Gianni Zironi, Emergency Department,
Medicine Unit, S. Orsola-Malpighi Hospital, University of Bologna,
Bologna, Italy.
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Figure 15.18. Normal pleura, demonstrating rib shadows (asterisks),
pleural line (P), and comet tail artifact (arrows). In real time, the pleura
would demonstrate a sliding motion back and forth (lung slide) with
each respiration.

Figure 15.19. Normal pleura, demonstrating lung slide with M-mode.
Note the smooth lines above the bright pleural line where no motion is
occurring during respiration (A). Below the pleural line, sliding motion
causes the M-mode tracing to be grainier (B).

Figure 15.20. Pneumothorax. Note the pleura demonstrating lack of
lung slide with M-mode. This image indicates a pneumothorax. Note
the smooth lines above and below the bright pleural line; no motion is
occurring during respiration.

Figure 15.21. Normal pleura, demonstrating lung slide with power
Doppler. Note the color demonstrating motion at the pleura.

Figure 15.22. Pneumothorax. No lung slide is detected by power
Doppler.
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Figure 15.23. Normal optic nerve. Note that the measurement is made
perpendicular to the long axis of the nerve sheath, 3 mm from the
fundus.

Figure 15.24. Dilated optic nerve sheath in the setting of elevated
intracranial pressure.

Figure 15.25. Distal radius, demonstrating normal contour of bone.

Figure 15.26. Distal radius fracture, demonstrating disruption in cor-
tical line.
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Deep Venous Thrombosis

Eitan Dickman, David Blehar, and Romolo Gaspari

Deep venous thrombosis (DVT) is an extremely common disor-
der, estimated to occur in approximately 2 million Americans per
year (1). The most serious complication of a DVT is a pulmonary
embolism, thereby emphasizing the importance of timely diag-
nosis and initiation of treatment. There are numerous methods
to diagnose a DVT, but ultrasonography has become the imaging
modality of choice. A complete lower extremity vascular study
images the veins of the leg from the groin to the ankle. Bed-
side ultrasonography does not usually involve a complete vas-
cular exam, in that only the proximal vessels, the femoral and
the popliteal veins are imaged, without imaging the calf veins.
Although a DVT may originate in the distal part of the leg, a
calf DVT is not believed to be as clinically relevant as a proxi-
mal clot. Most calf vein DVTs spontaneously resolve, and even
if they do embolize, they tend to be small and do not usually
cause major complications (1). However, some experts disagree
whether an isolated calf DVT requires anticoagulation (2). Stud-
ies have shown that emergency physicians can accurately and
efficiently employ bedside ultrasonography in the diagnosis of
an acute DVT (3,4).

INDICATIONS

Ultrasonography of an extremity to check for the presence of a
DVT is a commonly requested examination. Certain symptoms,
such as unilateral swelling, pain, or redness of an extremity are
classically associated with the presence of thrombus. However, a
patient with a DVT may also be asymptomatic. Risk factors for
the presence of a DVT include a hypercoagulable state and con-
ditions of venous stasis (Table 16.1). A variety of clinical decision
rules use a combination of history, physical exam findings, and
a D-dimer test to determine if imaging is necessary. Although
nonspecific, an elevated D-dimer is associated with thrombosis,
and an ultrasonographic examination of the extremities may be
warranted in this setting.

DIAGNOSTIC CAPABILITIES

Interestingly, only 25% of patients with signs and symptoms
consistent with an acute DVT are ultimately diagnosed with

the disease (5). Because physical exam findings are neither sen-
sitive nor specific, a diagnostic test is necessary. Compression
ultrasonography is the diagnostic test of choice in symptomatic
patients when there is concern over a possible DVT. The test
has been shown in multiple studies to be both highly sensi-
tive (97%−100%) and specific (98%−99%) (6,7). In patients
who prove not to have a DVT, an additional benefit of using
ultrasonography is in detecting other pathology that may be
causing the patient’s symptoms, including cellulitis, abscess,
seroma, lymphadenopathy, ruptured Baker’s cyst, muscle tear,
hematoma, superficial phlebitis, fasciitis, and edema (8).

Although ultrasonography is an excellent test for detection
of a proximal DVT, it is not as reliable in detecting a distal throm-
bosis. Sensitivity is approximately 70%, and specificity decreases
to approximately 60% for a distal DVT (9). The utility of ultra-
sonography of the calf vessels is debatable because these distal
DVTs are at low risk for embolization to the lungs. However, it
has been estimated that up to 30% of untreated calf vein DVTs
will propagate to a proximal vein (10–13). Because a proximal
clot is at higher risk for embolization to the lungs, a prudent
approach for a patient with a negative ultrasound of the prox-
imal vessels is to have a repeat ultrasound within 4 to 7 days.

Table 16.1: Risk Factors for DVT

Previous DVT
Recent surgery
Trauma
Active malignancy
Elderly
Long-distance travel
Prolonged bed rest
Pregnancy
Oral contraceptives
Hormone replacement therapy
Indwelling central venous catheter
Protein S deficiency
Protein C deficiency
Antithrombin deficiency
Factor V Leiden
Antiphospholipid syndrome
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The repeat ultrasound will allow the sonographer to determine
whether a potential distal DVT has propagated and become a
proximal clot.

TECHNIQUE

A lower extremity venous ultrasound consists of imaging the
common femoral vein (CFV) beginning at its confluence with
the greater saphenous vein in the inguinal region and continuing
to the superficial femoral vein until the distal thigh. This is fol-
lowed by visualizing the popliteal vein from the popliteal fossa
until its trifurcation distally. Imaging with and without compres-
sion is the cornerstone of a lower extremity venous ultrasound
and is accomplished by applying pressure with the probe to col-
lapse the thin-walled veins. Lack of compressibility is the main
determinant of a DVT.

The patient should be positioned so the veins of the leg are
distended. In the acutely ill patient, this may involve raising the
head of the bed to 30 degrees, or the patient may be supine with
the stretcher then placed in the reverse Trendelenburg position.
Using a high-frequency linear transducer, imaging begins in the
inguinal region in a transverse orientation (Fig. 16.1). The CFV
is identified medial to the common femoral artery (CFA) (Fig.
16.2). Once these vessels are identified, pressure is applied with
the probe. This will cause collapse of the veins. Coaptation of
the vessel walls should easily occur with moderate pressure (Fig.
16.3). The greater saphenous vein enters the CFV in this region,
and should be identified and examined for thrombosis at this
level. Although the greater saphenous vein is a superficial vessel,
if a thrombus is identified at the saphenofemoral junction, the
patient should be treated with anticoagulation due to the high
risk of clot propagation and embolization (Fig. 16.2).

Moving the probe distally, both the CFA and the CFV will
bifurcate into deep and superficial branches (Fig. 16.4). The deep
femoral artery and vein dive deep into the proximal thigh mus-
culature and quickly disappear. The superficial femoral artery
and vein are actually the deep vascular structures that will be
imaged. Examination of the superficial femoral vein (SFV) con-
tinues from here, compressing the vessel every 1 to 2 cm as
it courses distally. As scanning continues down the thigh, the
femoral vein will transition from its position medial to the
artery, to posterior to the artery, appearing below the artery
on the ultrasound image (Fig. 16.5). Within Hunter’s canal,
because of the thigh muscles, it becomes easier to collapse venous
structures by reverse compression. Rather than compressing the
probe into the leg, the probe is held steady and the nonscan-
ning hand is used to compress the leg into the probe (Figs. 16.6
and 16.7).

Examination of the popliteal vein (PV) is performed by slight
flexion of the knee and external rotation of the hip (Fig. 16.8).
The probe is placed posteriorly in the popliteal fossa. This probe
orientation places the vein closer than the artery to the probe,
creating the appearance of the vein being “on top” of the artery.
The PV is compressed at this location and then every 1 to 2 cm
until it trifurcates into the anterior tibial, posterior tibial, and
peroneal veins (Fig. 16.9).

Although not mandatory, the use of color and spectral
Doppler can assist in the examination. These modalities may
be helpful in morbidly obese patients or in those with unusual
anatomy. Both spectral and color Doppler can be used to differ-
entiate venous from arterial flow. With color Doppler, arteries
will demonstrate pulsatile flow, whereas veins exhibit continuous

flow. Using spectral Doppler, an arterial waveform can be differ-
entiated from the respirophasic pattern seen in veins (Figs. 16.10
and 16.11). Augmentation, documented using either spectral or
color Doppler, refers to increased blood flow in a proximal por-
tion of a vein when a distal portion of that vein is squeezed, and
is a normal finding. Lack of augmentation is indirect evidence
of a clot somewhere between the point of compression and the
ultrasound probe. However, recent evidence suggests that only
in rare cases does augmentation add pertinent information that
is not obtained from gray scale imaging (8).

See Figures 16.12 to 16.15 for examples of a variety of DVTs.

IMAGING PITFALLS/LIMITATIONS

Failure to visualize echogenic material within the lumen of the
vein does not exclude the presence of a DVT. Lack of vein com-
pressibility is the main indicator of a thrombus.

Morbid obesity, significant edema, and lack of patient coop-
eration due to pain may all play a role in limiting the ability
of the sonographer to obtain technically adequate images. In a
patient whose body habitus does not allow the sonographer to
obtain the proper depth to visualize the venous structures using
a high frequency transducer, one option is to switch to a lower
frequency probe. Although some image quality may be lost, the
added penetration may allow for determination of the presence
of a DVT. The vein must be completely compressed in order to
evaluate for clot in that region (Fig. 16.16.).

Lymphadenopathy may occasionally appear similar to a vas-
cular structure. However, an enlarged lymph node has a charac-
teristic appearance, with a hyperechoic center and a hypoechoic
rim (Fig. 16.17). In addition, as opposed to a blood vessel, when
moving the probe either cephalad or caudad, a lymph node will
abruptly disappear from the screen.

Differentiating an acute from a chronic DVT can be chal-
lenging. A chronic clot tends to be more echogenic, and recanal-
ization may be noted. Doppler flow may be helpful in visualizing
flow through the organized clot. However, these findings may be
difficult to appreciate (Fig. 16.18).

In the popliteal fossa, the PV is quite superficial. It is eas-
ily collapsed with mild compression. When imaging this area,
if only one vessel is seen, the sonographer should attempt to
reduce the force with which the probe is placed against the
patient’s skin because the PV may have been unintentionally
compressed.

A potential pitfall occurs when a superficial vein is mistaken
for a deep vein. Proximal deep vessels are paired structures. Verify
that the vein being imaged is adjacent to an artery.

In a patient with an acutely swollen extremity, a limited bed-
side ultrasound does not exclude the presence of a DVT in the
inferior vena cava, iliac, or pelvic veins. If a clot is suspected
in one of these veins, a CT with intravenous contrast may be
preferable.

Although the sensitivity and specificity of ultrasonography
for detecting DVTs is quite good, it is not 100%. In a patient with
a high clinical suspicion for an acute DVT, even if the ultrasound
does not reveal the presence of acute thrombosis, further testing
may be warranted. This may include CT, MRI, venography, or
a repeat ultrasound in 4 to 7 days, depending on the clinical
scenario.

A Baker’s cyst occurs when fluid from the knee joint enters the
gastrocnemius-semimembranosus bursa. Patients can present
with pain in the popliteal fossa and calf, as well as swelling of
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the distal extremity. Ultrasonography is extremely helpful in dif-
ferentiating this entity from a DVT (Fig. 16.19).

Patients who have cellulitis in an extremity may present with
swelling, pain and redness of the affected area. Due to the over-
lap of symptoms with that of DVT, clinical differentiation can
be challenging. Sonography of the affected area reveals inter-
stitial fluid, which manifests as hypoechoic or anechoic areas
within the soft tissue (Fig 16.20). A patient with an abscess may
also present with swelling, pain, and redness. Sonographically,
an abscess tends to have an ovoid appearance, with posterior
acoustic enhancement. Internally, the abscess may be anechoic,
hypoechoic, or hyperechoic (Fig 16.21).

Figure 16.1. Inguinal probe placement. After appropriate draping, the
probe is positioned just inferior to the inguinal ligament. Ultrasound
gel is liberally applied to the medial aspect of the leg from the thigh to
the knee.

SUMMARY

The use of bedside sonography in patients with a painful swollen
extremity is helpful in diagnosing a deep venous thrombosis.
The most important component of this exam is determining
the compressibility of the veins. Bedside ultrasonography of the
lower extremity generally only involves the proximal (femoral
and popliteal) veins but may include imaging of the entire lower
extremity in some patients.

CLINICAL IMAGES

Figure 16.2. Inguinal view. The common femoral vein (CFV) is seen
here in its relation to the common femoral artery (CFA) and greater
saphenous vein (SV).
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Figure 16.3. Inguinal view, noncompressed (top) and compressed
(bottom). Pressure applied to the probe causes collapse of the SV and
CFV. Because of a thicker wall and higher pressure, the artery remains
patent.

Figure 16.4. Femoral vessels. Left: The CFA bifurcates into the deep
femoral artery (DFA) and the superficial femoral artery (SFA), whereas
the CFV splits into the deep femoral vein (DFV) and the superficial
femoral vein (SFV). Right: With compression, only the arteries remain
patent.

Figure 16.5. SFA and SFV. The probe is over the middle thigh, with
the SFV deep to the SFA. Top: Noncompressed, the two vessels are
visualized. Bottom: Compression causes collapse of the vein, leaving
only the SFA visible.

Figure 16.6. Reverse compression. The probe is held in place, and the
nonscanning hand is placed behind the thigh and then compressed
into the probe.
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Figure 16.7. SFA and SFV with and without compression. A split
screen shows the SFA and SFV without compression on the left side of
the screen. The image on the right is with compression, with only the
SFA remaining patent.

Figure 16.8. Popliteal fossa probe placement. The leg is slightly flexed
at the knee and externally rotated at the hip.

Figure 16.9. Popliteal vessels. Top: Popliteal artery (PA) and popliteal
vein (PV) are seen in addition to the anterior tibial vein (TV). Bottom:
With compression, only the PA is visible.

Figure 16.10. Spectral Doppler arterial wave form. The classic arterial
high resistance wave form has a triphasic appearance. The initial sharp
upstroke in systole is followed by a brief period of retrograde flow in
early diastole followed by a period of antegrade flow. Image courtesy
of Dr. Paul Sierzenski.
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Figure 16.11. Spectral Doppler venous wave form. The veins of
the proximal leg have continuous flow with a gently undulating
respiratory pattern.

Figure 16.12. Proximal DVT. Echogenic thrombus is seen at the level
of the saphenofemoral junction. Even with compression, the veins do
not collapse. Flow is noted within the arterial system.

Figure 16.13. Right common femoral vein and greater saphenous vein DVT. Left: Without compression, the
CFA, CFV, and SV are all noted. Right: Lack of compressibility of the CFV and SV.

Figure 16.14. Longitudinal axis DVT. Longitudinal view of the femoral
artery and vein, with a clot visible within the vein. “Rim flow” is demon-
strated around the DVT.

Figure 16.15. Popliteal DVT. Echogenic thrombus is noted within the
PV. With compression, the PA has begun to collapse but the PV has
not.
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Figure 16.16. Incomplete compression. To exclude the presence of a DVT, the lumen of the vein must be
completely compressed. Incomplete compression indicates either the presence of a DVT or a technically limited
study.

Figure 16.17. Lymph node. Typically, an enlarged lymph node
will have a hyperechoic center and a hypoechoic rim.

Figure 16.18. Chronic femoral DVT. Note the recanalization (RC) that
has begun, visualized as an anechoic channel within the clot.

Figure 16.19. Baker’s cyst. Found in the popliteal fossa, a Baker’s cyst
may be entirely anechoic. Alternatively, it may contain internal echoes
or septations, or have irregular walls. Image courtesy of Dr. Paul
Sierzenski.

Figure 16.20. Cellulitis. This image demonstrates the classic
“marbled” appearance of interstitial fluid within the soft tissue.
Interstitial fluid secondary to congestive heart failure or pregnancy
would have a similar gray scale appearance.
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Figure 16.21. Abscess. Echogenic debris is located within the ovoid-
shaped abscess. Note the posterior acoustic enhancement (PAE).
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Cardiac Ultrasound

Chris Moore and James Hwang

INDICATIONS

Cardiac ultrasound, or echocardiography, can be one of the most
powerful noninvasive diagnostic tools available to the clinician
in emergency situations involving critically ill or potentially crit-
ically ill patients (1–4).

The most dramatic indication for echo is the “code” or “near-
code” situation, when a patient presents with pulseless electrical
activity or severe hypotension (5,6). Echo may quickly establish
whether there is significant left ventricular (LV) dysfunction,
marked volume depletion, cardiac tamponade, or severe right
ventricular (RV) outflow obstruction. Echo may also confirm
cardiac standstill, or reveal evidence of fibrillation when the trac-
ing appears to show asystole (7,8). Echo is an integral part of the
focused assessment with sonography in trauma (FAST) exami-
nation and is particularly important in the setting of penetrating
chest trauma (9).

Echo should be considered in any medical patient with signs
or symptoms of a significant pericardial effusion. Effusion may
present with isolated chest pain, tachycardia, hypotension, or
dyspnea (10,11). Echo should be strongly considered in patients
presenting with acute complaints and particular risk factors for
effusion, such as malignancy or renal failure.

In many emergent conditions, echo may be a useful tool,
but it should not be used in isolation to rule out the condition.
Echo is not sensitive for acute coronary syndrome, pulmonary
embolism, or thoracic aortic aneurysm/dissection but may be
fairly specific for these conditions in the right clinical scenario
(12–14). Thus, visualizing these entities on echo may quickly
make the diagnosis, but not seeing them does not adequately
rule out the diagnosis.

Acute valvular emergencies are uncommon, but echo is
essential in diagnosing them. Bedside echo can augment car-
diac auscultation and has been shown, in some instances, to
be more accurate than physical examination (15). Detection of
severe regurgitant or stenotic lesions can provide key informa-
tion to the management of patients presenting with syncope,
chest pain, or dyspnea. Although blood cultures and physical
examination remain the mainstay of diagnosing endocarditis,
valvular vegetations seen on transthoracic or transesophageal
echo are diagnostic in the right clinical setting.

Emerging research suggests using echo as an aid in the non-
invasive evaluation of sepsis, specifically in assessing preload and
LV function (LVF) to help guide fluid resuscitation and choice
of vasopressors (16,17). In patients diagnosed with pulmonary
embolism, echo helps risk-stratify patients, provides prognostic
information, and aids in the decision to administer thrombolytic
therapy (12,18–21). Information about LVF may also provide
overall prognostic information (22).

In general, the use of emergency ultrasound (and emergency
echo) at the bedside is shifting from the paradigm of isolated
consultant-performed tests to an integration of goal-directed
ultrasound intended to answer several symptom-specific ques-
tions. For example, in a patient presenting with unexplained
hypotension, bedside ultrasound may be integrated with the
physical examination as key interventions are pursued. While
access is being obtained, the clinician may examine the heart for
evidence of cardiac tamponade, LV failure, RV outflow obstruc-
tion, decreased preload in the inferior vena cava (IVC), as well as
examining the abdomen for evidence of intraperitoneal hemor-
rhage or abdominal aortic aneurysm (23,24). Similarly, an eval-
uation of the patient with unexplained dyspnea could include
echo, evaluation of both hemithoraces, and lower extremity
ultrasound for proximal deep venous thrombosis (25). With
practice, these integrated examinations may be performed accu-
rately and rapidly (16,24,26).

In addition to diagnostic uses, echo is useful in bedside car-
diac procedures, particularly pericardiocentesis and placing and
confirming capture with transcutaneous or transvenous pacing
(27–29).

DIAGNOSTIC CAPABILITIES

It is important to differentiate clinician-performed bedside echo
from consultant performed echo (typically performed by a sono-
grapher and interpreted by a cardiologist). There are three major
differences that separate these entities:

1. Experience with obtaining images and interpreting imaging
pathology

2. Time available to perform the examination
3. Equipment capabilities and performance
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Although there are exceptions, a consultant-performed study
typically has the advantage of having greater time to perform the
examination, more extensive experience with echo, and higher-
end equipment specifically devoted to echo. It is often requested
that the patient be removed from the immediate patient care area,
as opposed to bedside clinician-performed echo. In addition, the
clinician caring for the patient may have the advantage of more
extensive historical and ancillary information.

In theory, a consultant-performed echo could be performed
in every patient with a potential cardiovascular complaint, but in
practice this is not feasible. In 2004, less than one-third of com-
munity ED directors reported that consultant-performed echo
was “easily available,” with more than one-fourth reporting that
it was not available at all (30). Even if consultant-performed echo
were available on a 24/7 basis, it would be impossible to provide it
immediately in a patient with penetrating chest trauma or in code
situations. For these reasons, it is essential that emergency practi-
tioners understand the basics of obtaining and interpreting bed-
side echo. This is in no way meant to diminish the role of appro-
priately obtained consultant-performed echo, which will often
be obtained once immediate life threats have been ruled out.

Different specialty societies have different recommendations
regarding the amount of experience required to perform cardiac
echo, from as little as 25 to more than 450 examinations. Note that
the numbers should be different for goal-directed assessment of
certain conditions (e.g., any effusion) than they would be for
comprehensive echo (31–35). It is important that practitioners
obtaining and interpreting cardiac images be aware of both their
capabilities and their limitations, and that this is appropriately
reflected in documentation of the exam and communications
with both the patient and subsequent care providers.

This chapter deals with transthoracic echocardiography, as
differentiated from transesophageal echocardiography (TEE).
Although TEE inevitably provides superior images and improved
diagnostic capability, it requires more advanced equipment,
more skilled operators, patient sedation, and the potential need
for airway management. This is typically outside the scope of
the emergency practitioner, although it may play a role in the
diagnosis of endocarditis or aortic dissection.

When teaching bedside clinician-performed ultrasound, we
recommend focusing primarily on three findings:

1. Presence and extent of pericardial effusion
2. Global LV function
3. Presence of RV strain

Determining the presence of a significant pericardial effu-
sion is potentially the most straightforward application of echo,
although this is not without pitfalls, as discussed later in the
chapter. Effusions should generally be graded by size and mea-
sured as the largest pocket of fluid in end diastole. Small effusions
are generally considered to be <1 cm; moderate, 1 to 2 cm; and
large, >2 cm. Tamponade occurs when the right side of the heart
cannot fill due to extrinsic compression. Although tamponade is
a clinical diagnosis, echo may show diastolic collapse of the right
atrium or ventricle, as well as increased respiratory variation in
the Doppler signal of mitral inflow (the echo equivalent of pulsus
paradoxus).

Global LVF is typically measured in terms of ejection frac-
tion (EF). The gold standard for EF is nuclear studies or car-
diac catheterization. Although formulas exist for calculating EF
based on echo measurements, most cardiologists use a visual

estimation of EF. We recommend classification of LVF into one
of three categories: normal/hyperdynamic (EF >50%), mild to
moderately depressed (EF 30%–50%), or severely depressed (EF
<30%). With goal-directed training, physicians can reliably cat-
egorize LVF (17,36).

RV strain is of importance in the critically ill patient because
it may suggest a massive pulmonary embolism (12,19,21). Signs
of RV strain include RV dilatation, RV hypokinesis, paradoxical
septal motion, and tricuspid regurgitation. The normal RV:LV
ratio is less than 0.7:1 when measured in an apical view across the
tips of the atrioventricular valves. With acute outflow obstruc-
tion, the RV will dilate and may exceed the size of the LV. We
recommend using a cut-off of 1:1 or greater. In other words, if
the size of the RV exceeds that of the LV, it indicates significant
RV strain. In the right clinical scenario, this may suggest pul-
monary embolism. There are, however, many chronic conditions
that cause RV dilatation, often with associated RV hypertrophy
(i.e., pulmonary hypertension, chronic obstructive pulmonary
disease [COPD]).

There are numerous other findings that may be of impor-
tance in emergent cardiac ultrasound, and the clinical images
will detail many of the diagnostic capabilities of both clinician-
and consultant-performed echo.

IMAGING CONSIDERATIONS

In contrast to imaging modalities such as plain radiographs or
CT, it may be necessary for the clinician to actually obtain images
using an ultrasound machine. Although a comprehensive review
of the use of ultrasound imaging equipment is beyond the scope
of this chapter, there are certain considerations that are specific
to echo.

First, it is important to consider the positioning of the exam-
iner and scanner relative to the patient. When a cardiologist or
sonographer performs an echo, it is typically done from the left
side of the patient, with the probe held in the examiner’s left
hand. Although this makes some sense (because the heart is
on the patient’s left side), it is opposite to the side from which
other emergency ultrasound examinations are performed, and
frequently, we are performing both cardiac and abdominal imag-
ing on the same patient (e.g., in the FAST exam). We found that
it is easier to learn both ultrasound and echo when a consis-
tent orientation is used and typically recommend that all ultra-
sound (including echo) be performed from the patient’s right
side, recognizing that sometimes space and patient care issues
may require an exam to be done from a different side.

Second, it is important to understand the imaging conven-
tions used in cardiology compared to other ultrasound. When
you pick up a probe to begin imaging, you should find the “indi-
cator” (typically, a bump or groove) and correlate this with the
side of the screen as it is viewed. In abdominal and other emer-
gency ultrasound applications, the indicator corresponds to the
left side of the screen as it is viewed, with this side of the screen
being marked by an indicator or logo. When a cardiology appli-
cation is chosen, the indicator will typically switch to correspond
to the right side of the screen as it is viewed. For physicians who
are doing both abdominal and cardiac imaging, we recommend a
consistent approach and teach our cardiac imaging in an abdom-
inal orientation, with the indicator corresponding to the left side
of the screen as it is viewed. Although the imaging convention
used may differ from institution to institution, it is important to
understand which convention is being used. The text and images
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in this chapter use an abdominal or emergency medicine orien-
tation.

Probe selection and equipment are important in obtain-
ing quality images. A phased array transducer, where the scan
lines emanate from a single point and the beam is electroni-
cally steered, allows for the best imaging between ribs. If this
is not available, a small footprint or microconvex curvilinear
transducer may be the best choice. When available, tissue har-
monic imaging will further improve the image by enhancing con-
trast, allowing more accurate identification of the endocardial
border.

There are three basic views that are of the most utility to the
clinician performing echo: parasternal (long and short axis), sub-
xiphoid or subcostal, and apical. When obtaining these images,
the “axes” of the heart should be understood: the long axis runs
from the base (valves) to apex, essentially from the patient’s
right shoulder to the left costal margin. The short axis is 90
degrees perpendicular to this, from the left shoulder to the
right costal margin. Thus, when the probe is oriented toward
the patient’s right shoulder, it is along the long axis of the
heart.

The parasternal long axis in an abdominal orientation is
obtained by placing the probe lateral to the sternum and direct-
ing the indicator to the patient’s right shoulder (37). This view
will provide an image with the apex at the right of the screen and
the base of the heart at the left. Note that this is reversed from
a typical cardiology orientation, which may be obtained either
by reversing the screen orientation on the machine or by direct-
ing the probe to the patient’s left costal margin. The parasternal
long axis should show the left atrium, mitral valve, LV and LV
outflow tract, RV, and interventricular septum. The short axis
is obtained by rotating the probe 90 degrees counterclockwise,
providing a “donut” view of the LV.

The subcostal four-chamber view is obtained by placing
the probe below the costal margin and directing the indica-
tor to the patient’s right. Images will be improved by flatten-
ing the probe on the abdomen and having the patient inhale.
The IVC should be followed into the right atrium, and the view
should include the RA, RV, LA, and LV, with the apex to the
right of the screen. Note that this orientation is similar to the
parasternal long axis, although lower (aortic root is not typically
seen).

The apical four-chamber view is obtained by placing the
probe at the point of maximal impulse, typically just lateral
and inferior to the nipple in males or underneath the breast in
females, with the indicator directed to the patient’s right. Images
will be improved by placing the patient in the left lateral decu-
bitus position. The apex should be seen at the top of the screen
with the interventricular septum running vertically. The LV, LA,
RV, and RA should be visualized.

There are numerous other ancillary views, some of which are
shown in the “Clinical Images” section.

IMAGING PITFALLS/LIMITATIONS

Patient body habitus and comorbid conditions may limit imag-
ing. Having the patient lie on their left side allows the heart
to rest more laterally against the chest wall and may provide
improved images. In patients with obesity, abdominal trauma,
or abdominal distension, a parasternal image may be most effec-
tive, whereas in patients with hyperexpanded lungs (COPD or
intubated), the subxiphoid window may be the only view avail-
able. Although it is rare for a patient to have three quality views
(parasternal, subxiphoid, or apical), most patients will have at
least one adequate window.

The most common echo pitfall is that physiological pericar-
dial fluid and/or epicardial fat may be misinterpreted as a peri-
cardial effusion. A large percentage of patients will have some
hypoechoic (dark) space around the heart. This is often most
prominent in the anterior portion of the parasternal long-axis
image and should not be mistaken for an effusion. Keys to identi-
fying this correctly are the presence of internal echoes and oblit-
eration of the space in cardiac diastole. There is unlikely to be a
significant pericardial effusion if no fluid is seen posteriorly on
the parasternal long-axis view because most fluid will be found
posteriorly and inferiorly. It is important to regularly examine
normal patients and to notice the presence of this space so it is
not misinterpreted, particularly in a penetrating trauma situa-
tion (38). Pericardial fluid should not be confused with pleural
fluid, which may appear adjacent to the heart in a patient with a
left pleural effusion. If fluid around the heart is seen, a left lateral
(coronal) view of the thorax should be obtained to assess for
the presence of a left pleural effusion. The position of the fluid
relative to the descending aorta may help further differentiate
pericardial from pleural fluid.

Focal wall motion abnormalities may cause the heart to
appear more normal in some views than others. Obtaining as
many views as possible, specifically by adding a parasternal short-
axis view, may help avoid this. Although focal wall motion abnor-
malities may occasionally be blatant, subtle abnormalities are
often difficult to discern, and there is often significant interob-
server variability, even among highly trained observers.

When identifying RV dilatation relative to the LV, it is impor-
tant to maximize the LV size in your view because certain oblique
cuts may make the LV appear much smaller, even in a normal
heart. In particular, the subcostal view may overemphasize the
size of the RV as it cuts across the heart from below. Attempt to
obtain further images in both the parasternal and apical views.

Artifacts are common in ultrasound and may be seen in car-
diac echo. Often a “side-lobe” artifact may appear as a hypere-
choic space in the atria or ventricles. These may be attenuated by
decreasing the gain or by obtaining alternate views to determine
whether the artifact persists. Papillary muscles should also be
identified because these may be misinterpreted as intracardiac
masses or vegetations.
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Figure 17.1A and B. Parasternal long-axis view demonstrating the RV, LA, MV, LV, LVOT, AO root, and descending AO. Note that this is in the
abdominal orientation, with the apex of the heart pointing toward the right of the screen (reversed from a cardiology parasternal long-axis view).

Figure 17.2. Parasternal short-axis view at the level of the aortic valve
(reversed from a cardiology parasternal short-axis view). The aortic
valve is trileaflet and demonstrates the “Mercedes Benz” sign.

CLINICAL IMAGES

Figure 17.3A and B. Parasternal short-axis views at the level of the aortic valve – closed and open. Surrounding the AO valve at this level (clockwise)
are the LA, RA, and RV (the pulmonary artery is not visualized).
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Figure 17.4. Parasternal short-axis view at the level of the aortic valve
(closed). Note the dilated pulmonary artery (measured 5 cm on CT),
which was pathologically enlarged due to pulmonary hypertension.

Figure 17.5. Parasternal short-axis view at the level of the mitral valve
(reversed from a cardiology parasternal short-axis view). When the
mitral valve is open, it yields a “fish mouth” appearance.

Figure 17.6. Parasternal short-axis view at the level of the papillary
muscles. The anterolateral (AL) and posteromedial (PM) papillary
muscles are identified. This view visualizes the concentric myocardium
at the mid-ventricle level and thus, is helpful in assessing LV function.
A circumferential pericardial effusion is also identified.

Figure 17.7. Parasternal short-axis view at the level of the apex. This
is the typical “donut” view of the LV, but is smaller at the apex as the
LV cavity tapers down. A circumferential pericardial effusion is also
identified.

Figure 17.8A. Apical four-chamber view. Leaflets of mitral valve are seen between the LA and LV. A portion of the descending aorta (AO) is
visualized. B: Apical four-chamber view. Leaflets of the mitral valve and tricuspid valve are seen between the LA/LV and RA/RV, respectively. The
descending AO is also visualized.
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Figure 17.9. Subxiphoid view demonstrating all four chambers: RA,
RV, LA, and LV. The tricuspid and mitral valves are also seen. This
is an excellent view for patients with chronic obstructive pulmonary
disease because hyperexpanded lungs shift the heart downward. The
subxiphoid view, however, may overemphasize the relative size of the
RV if it cuts across the RV in an oblique plane.

Figure 17.11. A: Parasternal long-axis view demonstrating physiological pericardial fluid. Pericardial effusions are characterized as small, moderate,
or large. An effusion is considered small if the effusion along the posterior wall is <10 mm, moderate if 10 to 15 mm, and large if >15 mm. B:
Subxiphoid view demonstrating physiological pericardial fluid. The RV is seen as a small wedge up against the liver.

Figure 17.12. A: Parasternal long-axis view demonstrating a small pericardial effusion (measures less than 10 mm along the posterior LV wall).
B: Parasternal long-axis view demonstrating a moderate pericardial effusion (measures between 10 and 15 mm along the posterior LV wall).

Figure 17.10. Parasternal long-axis view demonstrating an anterior fat
pad. Anterior fat pads are normal variants and typically possess internal
echoes. Note that there is no posterior pericardial fluid. Loculated
anterior effusions are uncommon, but can occur after cardiac surgery.
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Figure 17.13. A: Apical four-chamber view (probe is somewhat medial to apex) with moderate-size circumferential pericardial effusion. B: Apical
five-chamber view including the left ventricular outflow tract (LVOT). A moderate-size pericardial effusion is also visualized.

Figure 17.14. Subxiphoid view revealing a moderate-size pericardial
effusion. The subxiphoid view is an excellent view for effusions because
fluid around the heart tends to collect inferiorly. Also seen is a pacer
wire traveling through the RA and tricuspid valve and toward the apex
of the RV.

Figure 17.16. Subxiphoid view revealing both a pleural effusion and a
pericardial effusion. The pericardium is clearly seen between the right
pleural effusion and the large pericardial effusion.

Figure 17.15. Parasternal long-axis view demonstrating a moderate-
size pericardial effusion. To differentiate pericardial and pleural effu-
sions, identify the position of the effusion relative to the descending
thoracic aorta. Pericardial effusions occur anterior to the descending
AO, whereas pleural effusions extend posterior to the descending AO.



Cardiac Ultrasound 261

Figure 17.17. A: Parasternal long-axis view with a large circumferential pericardial effusion and RV free wall inversion during ventricular diastole.
This finding is evidence of cardiac tamponade. Note the open mitral valve, which correlates with ventricular diastole. B: Parasternal short-axis
view at the level of the mitral valve (reversed from a cardiology parasternal short-axis view). Note the RV free wall inversion due to the large
circumferential pericardial effusion. This finding is consistent with cardiac tamponade.

Figure 17.18. Subxiphoid view demonstrating a moderate to large
pericardial effusion with evidence of right atrial inversion. It is impor-
tant not to confuse atrial contraction, which occurs during atrial sys-
tole, with diastolic collapse.

Figure 17.20. A: Apical four-chamber view of a patient with RV dilatation. The RV is larger than the LV. This patient had chronic pulmonary
hypertension. Note the hypertrophy of the RV free wall. RV free wall thickness in excess of 5 mm suggests hypertrophy and a chronic etiology to
the RV strain. B: Apical four-chamber view of a patient with RV dilatation. The RV is larger than the LV. This view is slightly medial – the septum
is not vertical, and the apex of the heart is not visualized.

Figure 17.19. Parasternal long-axis view showing RV dilatation. The
ratio of the RV to the LV is greater than 0.7 to 1 and exceeds 1:1 in this
patient (incidentally found to have a large atrial septal defect).
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Figure 17.21. A: Apical four-chamber view (slightly medial – septum
is not vertical) demonstrating a dilated RV. Color Doppler imaging
can be used to assess for tricuspid regurgitation (TR). If TR is present,
continuous wave spectral Doppler can then be used to estimate the
pulmonary artery pressure. B: Color Doppler imaging demonstrating
tricuspid regurgitation. Once the TR jet is identified by color Doppler,
continuous wave spectral Doppler can then be used to calculate the
maximal velocity of the TR jet. C: Measuring the maximal velocity of a
TR jet. Velocities greater than 2.7 m/s are significant. Using the modified
Bernoulli equation (�P = 4 ∗ V2), an estimate of the pulmonary artery
pressure is then calculated. In this case, the pressure in the RV exceeds
that of the RA by 56 mmHg, as calculated by software on the machine
using the modified Bernoulli equation. An accurate RV pressure could
be obtained by adding an estimate of RA pressure (often assumed to be
10 mmHg).

Figure 17.22. Subxiphoid view demonstrating a dilated LV. LV cav-
ity diameters greater than 3.9 cm in systole or 5.2 cm in diastole are
abnormal and consistent with left ventricular enlargement.

Figure 17.23. Parasternal view demonstrating the descending aorta
with an intimal flap (dissection). Although visualized on this transtho-
racic echo, transesophageal echo is much more sensitive for the evalu-
ation of aortic dissection.



Figure 17.24A and B. Parasternal long-axis view demonstrating a thoracic aortic aneurysm. The aortic root is dilated (>4 cm) in
(B). In both figures, the enlarged descending thoracic aorta can be seen behind the heart.

Figure 17.25. Apical four-chamber view demonstrating a left apical
ventricular aneurysm. When seen in real time, this thin-walled portion
of the apex was noted to be dyskinetic during ventricular systole.

Figure 17.27. Parasternal long-axis view. To accurately assess for left
ventricular hypertrophy (LVH), the measurement should be made in
diastole (with the mitral valve open). The measurement should be made
perpendicular to the LV long axis (long arrow) to avoid overestimation
of wall thickness.

Figure 17.26. Parasternal long-axis view revealing a left ventricular
wall thrombus. Patients with a recent myocardial infarct, wall motion
abnormality, or ventricular aneurysm are at risk for developing a ven-
tricular thrombus. Be careful not to confuse the papillary muscles with
a thrombus. In this case, the structure was seen to be waving back and
forth during cardiac activity. It was initially believed to be a ruptured
papillary muscle, but the chordae tendinea and the valvular motion
were intact.

Figure 17.28. Parasternal long-axis view of a patient with LVH. A septal
thickness greater than 1.1 cm during ventricular diastole is consistent
with LVH.

263
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Figure 17.29A and B. Parasternal long-axis views of a patient with LVH and a prominent left atrium. LA diameters greater than 4 cm are consistent
with left atrial enlargement (LAE).

Figure 17.30. A and B: Parasternal long- and short-axis views of a patient with Noonan syndrome. Note the marked LVH. Hypertrophic cardiomy-
opathy (obstructive and nonobstructive types) is present in up to 30% of patients.

Figure 17.31. Parasternal long-axis view showing a reduced aortic out-
flow diameter. This patient had aortic stenosis.
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Figure 17.32. Parasternal long-axis view demonstrating an aortic valve
aneurysm. This patient had a history of aortic valve replacement.

Figure 17.34A and B. Color Doppler imaging demonstrating mitral regurgitation. With the MR jet identified by color Doppler, continuous wave
spectral Doppler is then used to characterize and quantify the severity of MR.

Figure 17.35. Parasternal long-axis view of an elderly heart. Elderly
patients can develop a sigmoid-shaped septum (septal bulge) that can
lead to an overestimation of LVH. Another common finding revealed
in this image is aortic valve sclerosis. Other common findings (not
seen here) include mitral annular calcification, mild aortic insufficiency,
mild mitral regurgitation, and aortic root enlargement (secondary to
prolonged hypertension).

Figure 17.33. Color Doppler imaging outlining the left ventricular
outflow tract. Evidence of mitral regurgitation is also noted.
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BA

Figure 17.36A and B. Apical four-chamber views of a patient with a right atrial mass. Tricuspid and mitral valves seen closed and then open.
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Emergency Ultrasonography of the Kidneys
and Urinary Tract

Anthony J. Dean and Geoffrey E. Hayden

INDICATIONS

The principal indication for renal ultrasound is in the diag-
nosis of ureteral calculi, which, if they cause obstruction, will
give rise to unilateral hydronephrosis. Less commonly, retroperi-
toneal processes (tumors, fibrosis) or pelvic pathology originat-
ing in the prostate, ovaries, or urethra may give rise to bilateral
hydronephrosis. The indications for most emergency ultrasound
evaluations of the urinary tract are one or more of the following:

1. Acute flank or back pain in
2. Hematuria
3. Urinary retention

Most of the findings discussed in this chapter are seen in the
evaluation of such patients.

Renal ultrasound can identify calculi larger than 5 mm in
diameter within the kidney. However, these stones do not cause
symptoms of obstruction and are only clinically important if
they become a nidus of infection or pass into the ureter. The
ureter from the renal pelvis to the iliac crest is rarely visualized
unless extremely dilated, and from that point to within a few
centimeters of the ureterovesical junction (UVJ), is sonograph-
ically occult. Therefore, ureteral stones are usually diagnosed by
inference from the presence of hydronephrosis. They are rarely
seen per se, except when at the UVJ. Because some stones do
not cause complete ureteral obstruction, they may not cause
hydronephrosis, leading to a sensitivity of 75% for ultrasound
alone in the detection of ureteral stones. Some investigators have
improved accuracy and attained sensitivities of greater than 90%
by combining ultrasonography with an abdominal plain film.
This approach will diagnose 95% of all stones larger than 3 mm
(by the presence of hydronephrosis, identification of the stone on
radiograph, or both). This approach has dual advantages. It iden-
tifies the stones, which are very unlikely to pass spontaneously
(those >6 mm, easily identified on plain film), and “deprioritizes”
patients who have hydronephrosis but no identifiable stone on
plain film (either the sonogram was false positive or the stone is
small, the vast majority of which pass spontaneously).

Another approach is to make the detection of even minimal
hydronephrosis the basis of a positive test result. This is based

on the well-documented phenomenon of “minimal dilatation
obstructive uropathy,” which occurs in up to 13% of patients with
renal stones and has achieved a sensitivity of 95% in the detec-
tion of stones. This increased sensitivity comes at the expense of
decreased specificity. In the clinical setting, this may be an accept-
able trade-off for two reasons. First, because the initial man-
agement of ureterolithiasis is expectant (even with large stones
that do not usually pass spontaneously), this strategy allows
the approximately 75% of patients whose symptoms resolve or
stones pass within 3 days to avoid an abdominal CT scan. Sec-
ond, even if every one of the 25% to 30% of patients with a
false-positive ultrasound were to receive an (unnecessary) CT
scan in follow-up, this number is likely to be exceeded by the
much larger number of patients suspected of having stones who
in fact do not and who would otherwise receive a CT scan as part
of their ED workup.

Despite these considerations, the increasing availability of
CT, its ability to give information about other abdominal pathol-
ogy, and patient expectations of a definitive diagnosis have drasti-
cally reduced the use of sonography in the emergency evaluation
of ureteral stones. A setting in which renal ultrasound may still
be useful is in the evaluation of patients with recurrent stones
and multiple prior CT scans, where exposure to repeated high
doses of ionizing radiation resulting in minimal new diagnostic
information is to be avoided.

DIAGNOSTIC CAPABILITIES

Technique and Normal Sonoanatomy

The kidneys lie parallel to the ribs lateral to the psoas mus-
cles between the midscapular line and the posterior axillary line
and between the eighth and eleventh ribs, although the location
is subject to respiratory and individual variation. They can be
imaged directly or, on the right, more laterally, using the liver
as a window. Patients may be scanned supine, although lateral
decubitus, prone, or sitting positions may also be used. To widen
the intercostal spaces, the patient can be asked to place the ipsi-
lateral arm above his or her head and laterally bend the thorax
to the opposite side (e.g., while examining the left kidney, the

268



Emergency Ultrasonography of the Kidneys and Urinary Tract 269

patient is told to “lower your right shoulder to your right hip”).
When placed in the decubitus position, this may be augmented
by placing a bolster under the patient. Respiratory maneuvers
(“take a deep breath and hold it”) may be needed.

The normal kidney is less than 10 to 12 cm in length. Large or
small size, as well as irregular contour, can be pathological. The
renal capsule is highly reflective and thus is echogenic on ultra-
sound. Some patients have a surrounding rim of perinephric
fat with a stippled heterogeneous appearance of intermediate
echogenicity. The renal “cortex” is less echoic than the adjacent
liver or spleen. The renal “medulla” is composed of renal pyra-
mids (more hypoechoic than the cortex) and the columns of
Bertini (extensions of the cortex between the pyramids), which
comprise a layer surrounding the renal sinus. The latter is com-
prised of the collecting system, renal vasculature, and fatty tissue.
In normal conditions, the collecting system contains no urine
because ureteral peristalsis occurs every 10 s and is not seen
on ultrasound. Renal sinus fat is highly echogenic; therefore,
hypoechoic structures in the renal sinus seen on normal exam
are vascular. These can be distinguished from hydronephrosis
with color flow Doppler in cases of doubt.

Patients being evaluated for hydronephrosis should be ade-
quately hydrated, but not overhydrated (which may cause mild
hydronephrosis), with a bladder that is filled without overdisten-
sion. A probe with a frequency range between 2.0 and 5.0 MHz
is appropriate; a small sonographic footprint may be helpful.
The evaluation of unilateral flank pain usually includes sonog-
raphy of the contralateral kidney and bladder to exclude bilateral
hydronephrosis or congenital absence, ectopic kidney, or other
urinary tract pathology.

Hydronephrosis

Hydronephrosis appears as an anechoic area within the renal
sinus fat that is not vascular. It may be graded as absent (grade 0,
normal), grade (mild), grade (moderate), or grade (severe).
These designations correspond to the degree of calyceal dila-
tion. In grade hydronephrosis, the calyces are fluid filled while
maintaining normal anatomical structure. They can be seen to
be connected in real-time scanning (unlike renal cysts). Grade
hydro may be a normal finding in patients who are overhy-
drated or have overdistended bladders. In grade hydronephro-
sis, the calyceal system becomes distended and appears conflu-
ent on single ultrasound images with a “bear’s paw” appearance.
Grade hydronephrosis is characterized by effacement of the renal
medulla and cortex due to extreme calyceal distension.

Renal Cysts and Masses

Simple renal cysts are quite common. The incidence ranges from
around 5% in patients younger than 30 years to around 25% to
50% in patients older than 50 years, with two-thirds noted to be
2 cm or less in diameter. The relative sensitivity of ultrasound
in the detection of parenchymal renal masses (including cysts
and carcinomas) is around 80%. The sonographic appearance
of renal cell carcinoma is extremely varied. Angiomyolipoma,
notable for their echogenicity on ultrasound, are also occasion-
ally identified, but their sonographic appearance may be similar
to that of renal cell carcinoma. The definitive distinction between
various kinds of renal cysts and masses is beyond the scope of
emergency ultrasound; however, benign renal cysts tend to be
smooth, round, or oval shaped, without demonstrable internal
echoes and with a well-defined margin. They demonstrate the

ultrasound artifact of posterior echo enhancement. Cysts that
meet these criteria require no specific follow-up. Complex cysts
and other renal masses should be followed up with further imag-
ing studies and/or referral.

Urinary Retention and Evaluation of the Bladder

Ultrasound can identify or confirm a distended bladder in
suspected urinary retention and can also be used to estimate
postvoid residual. In both settings, ultrasound obviates the more
time-consuming and invasive test of catheterization. Many tech-
niques have been assessed for estimating bladder volume, but
the simplest, which has been shown to be no less accurate than
any of the others, is to measure it in three orthogonal planes
(length × width × height) to obtain a rough estimate. Some
advocate multiplying this product by 0.75. In general, due to
bladder shape variability, there is an error range of 15% to 35%.
The bladder walls should be scanned for irregularities. A dif-
fusely hypertrophied wall suggests chronic cystitis, spastic blad-
der, and/or chronic outlet obstruction, depending on the clini-
cal scenario. Other bladder findings include calculi, diverticula,
cysts, clot, sediment, fungus balls (in the immunocompromised),
and tumors. In cases of ureteral stones and hydronephrosis, the
region of the UVJ can be assessed with color flow for ureteral
jets, which exclude complete obstruction.

Prostatic Hypertrophy and Carcinoma

The prostate is normally up to 5 cm in maximal dimension. Pro-
static abnormalities may be identified in the evaluation of urinary
retention incidentally found on bladder scanning in other clini-
cal contexts such as flank pain or trauma. Diffuse enlargement of
the prostate with maintenance of margins and normal anatomy
is likely to be due to benign hypertrophy, whereas malignancy
is likely to cause gross deformity. However, because sonography
cannot exclude early carcinoma or isoechoic malignancy within
a hypertrophic gland, any identified abnormalities of the prostate
should prudently be referred for further evaluation.

PITFALLS/LIMITATIONS

Renal ultrasonography may be limited by technical challenges
in obtaining the images or be due to inherent characteristics of
the test itself. Anatomy, habitus, areas of injury or tenderness,
patient positioning, and operator skill may restrict the quality of
the study.

In addition to the nonobstructive causes of hydronephrosis
already noted, calyceal distention may arise from diuretic use,
previous obstruction, reflux, and pregnancy. In pregnancy, max-
imal dilation occurs around 38 weeks’ gestation, with the right
kidney more affected than the left. The dilatation may persist after
delivery. Multiple simple cysts may be mistaken for hydronephro-
sis, although real-time scanning should distinguish the two, and
the cysts will lack surrounding sinus fat, which is seen in a thin
band, even in cases of grade hydronephrosis. Hydronephrosis
affects the entire collecting system equally, whereas in polycystic
kidney disease or acquired renal cystic disease, the cysts tend to
be of many sizes.

False-negative exams for hydronephrosis occur when there
is actual obstruction without calyceal dilation, which is rare
unless the kidney was already nonfunctioning. However,
false-negative exams for ureteral stones are more common
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because many are nonobstructing. Ultrasonography frequently
fails to identify renal stones, as noted previously.

The diagnosis of renal tumors is not within the standard
purview of the emergency ultrasonographer. Ultrasound is lim-
ited in the identification of renal masses by both their size
and sonographic appearance. Tumors of less than 5 mm can-
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Figure 18.1. Normal renal anatomy. Here are several examples of normal kidneys. Figure 18.1A to D shows
longitudinal views of the right kidney. The capsule surrounding the kidney (Glisson’s) is strongly echogenic.
The renal cortex is slightly hypoechoic relative to adjacent liver (L) (or spleen on the left). The renal pyramids
(p) are much more hypoechoic, especially in the young, and except for their anatomically predictable location,
can be mistaken for cysts. An imaginary line along the outside of the pyramids defines the border between the
cortex and medulla. The columns of Bertini (arrows) are extensions of cortical tissue between the pyramids.
Figure 18.1E shows a transverse view with the renal artery (RA) and renal vein (RV) entering the renal hilum.
Figure 18.1C shows the appearance of renal vessels within the renal sinus, as well as the psoas muscle (Ps) that
lies medial to both kidneys. The hyperechoic renal sinus is seen in all of the images and indicated in some
(arrowheads).

not be seen, and larger lesions are easily overlooked, espe-
cially if they are of similar echotexture to the surrounding renal
parenchyma. Expertise and sonographic skill play an important
role in accurate identification of renal masses. For these rea-
sons, the emergency sonographer is unlikely to exclude renal
neoplasm, although it may be “ruled in” if it is seen.

CLINICAL IMAGES
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Figure 18.1. (Continued).
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Figure 18.2. Perinephric fat and trauma. A 35-year-old male presents with right flank pain after a fall from
a ladder. Figure 18.2A1 and A2 show his renal ultrasound demonstrating a normal-appearing right kidney,
except for a small simple cyst. The hyperechoic perinephric fat may be mistaken for free intraperitoneal fluid.
It is differentiated by its even thickness (not “pointy” like free fluid), its symmetry with the opposite kidney, its
diffuse finely heterogeneous echodensity, and the fact that it will not be affected by repositioning the patient.
Figure 18.2B1 and B2 show another example of perinephric fat. Renal sonography is not a sensitive tool for the
detection of parenchymal injury.

1A 1B
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Figure 18.3. Mild hydro. A 46-year-old female presents with acute onset right flank/suprapubic pain. Urinalysis
shows large blood, no leukocyte esterase or nitrites. Bedside ultrasound (Fig. 18.3A1 and A2) demonstrated
mild (grade I) hydronephrosis of left kidney, with proximal hydroureter (arrowheads). Color flow evaluation
of the bladder showed a strong urinary jet from the right ureteral orifice. Noncontrasted CT of the patient’s
abdomen/pelvis demonstrated a 4-mm left ureteral calculus. Another example of grade hydronephrosis is
shown in Figure 18.3B.
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Figure 18.4. Moderate hydro. A 44-year-old female presents with 1 week’s worsening left flank pain. The patient’s primary physician diagnosed her
with urinary tract infection and started her on Levaquin 3 days ago. Bedside ultrasonography demonstrates moderate (grade II) hydronephrosis.
Note the central lucency marked in Figure 18.4A1 and A2, reminiscent of a “bear’s paw.” There is no effacement of the renal cortex to suggest
severe hydronephrosis. The patient was admitted to urology for intravenous antibiotics and operative management of infected stone. Figure 18.4B
and C also show examples of moderate hydronephrosis.

1A 1B

Figure 18.5. Severe hydro. A 43-year-old male with 3 days of intermittent right flank pain with hematuria. He carries a history of multiple renal
stones with multiple CT scan evaluations. An emergency bedside ultrasound demonstrates grade II hydronephrosis of the right kidney. There is
extensive calyceal dilatation (arrowheads) and sonolucence of the entire renal sinus. There is effacement of the renal cortex (arrow), defining this
as grade III hydronephrosis. There is posterior acoustic enhancement from the fluid-filled areas of the sinus. Marked proximal ureteral dilatation
(U) is also evident. With such marked hydronephrosis, a noncontrast CT was obtained. An obstructing 7-mm stone was identified. Urology was
consulted, the ureter was stented, and then the stone was removed cystoscopically.
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Figure 18.6. Renal stones. A 32-year-old patient presents with symptoms “just like my kidney stones.”
He has a urinalysis without blood or evidence of infection. Emergency medicine bedside ultrasound
(Fig. 18.6A) shows a large, echogenic stone (arrowheads) with shadowing (arrows). Hydronephrosis
(H) can also be seen. The renal stones have the same intense echogenicity as the renal sinus fat, so
their presence can often only be inferred by the shadowing they cause. An example can be seen in
Figure 18.6B, which shows a lower-quality renal ultrasound image with a subtle but definite echogenic,
shadowing (arrows) stone (arrowheads) in the renal sinus.

1A 1B

2A 2B

Figure 18.7. Left UVJ stone. A 54-year-old male presents with 1 day of intermittent left flank pain with
nausea. While IV is established and analgesics are given, a bedside renal ultrasound is performed. The
left kidney demonstrates mild hydronephrosis. Bladder scans in the parasagittal (Fig. 18.7A1 and A2)
and transverse (Fig. 18.7B1 and B2) planes are significant for a stone (arrowheads) with shadowing
(horizontal arrows) in the UVJ with associated hydroureter (larger arrows). No further imaging was
indicated. Stones less than 3 mm are usually not detected by ultrasound. In this case, the stone is not
measured but is approximately 6 mm (using the on-screen centimeter scale).
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Figure 18.8. Simple renal cysts. A 17-year-old female presents with 3 days of right upper quadrant (RUQ) pain, nausea, and vomiting. She has
no urinary symptoms. On emergency bedside ultrasonography of the RUQ, the incidental finding of a simple cyst in the right kidney was made.
Note that the cyst is round and well defined, with regular margins, and is entirely anechoic with posterior acoustic enhancement. This cyst is not
related to the patient’s symptoms. Two simple renal cysts are seen in Figure 18.8A. Figure 18.8B shows an example of a large subserosal cyst. Such
cysts can grow to 10 cm or more in diameter.

Figure 18.9. Renal disease. A 52-year-old female on dialysis. Note the
brightly echogenic kidney. Typically, the kidneys are relatively hypoe-
choic compared with the liver or spleen (right and left kidney, respec-
tively). Kidneys may also be small in the setting of chronic disease,
which is not evident in this case.
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Figure 18.10. Renal carcinoma. An 83-year-old female presents with mild back pain and hematuria. An ultrasound reveals a massively enlarged
left kidney with a large irregular cystic mass with (Fig. 18.10A, B1, and B2). In contrast to a benign renal cyst (Fig. 18.8A−C), this mass has
irregular poorly defined margins with internal echoes. Scanning of the contralateral kidney revealed a smaller more subtle 3 × 4 × 5-cm mass
(Fig. 18.10C1 and C2). The patient was admitted, and biopsy of the left kidney revealed renal cell carcinoma. A CT of the chest and abdomen also
revealed pulmonary metastases. The patient declined further treatment.
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Figure 18.11. Bladder tumor. An 84-year-old male presents with dif-
ficulty voiding, a sense of suprapubic fullness, and hematuria. A
renal/bladder ultrasound reveals a large echogenic mass that projects into
the bladder (Fig. 18.11A and B). The location of this mass is consistent
with either a prostatic or cystic source, although irregularities of the blad-
der wall might suggest the latter (Fig. 18.11A1, arrows). In this case, biopsy
revealed a transitional cell tumor. Patients with chronic urinary retention
develop hypertrophy of the bladder walls, which may appear as tumor,
especially after Foley decompression (Fig. 18.11C). These diagnoses can-
not be reliably differentiated by emergency bedside ultrasonography, and
such patients should be referred for urologic follow-up.
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Figure 18.12. Prostatic hypertrophy. An 85-year-old male presents with urinary frequency, dribbling, and sensation of incomplete
voiding. His creatinine is 1.3, unchanged from previously. The bladder dimensions are 6.0 × 8.3 × 7.5 cm (corresponding to
estimated bladder volume of 374 mL). The prostate is shown marked by calipers in Figure 18.12A and B. The normal prostate is
described as a walnut-size organ, with maximal dimension less than 5 cm. Other cases of enlarged prostate are shown in Figure
18.12C and D. Chronic bladder distension can result in the formation of diverticula (Fig. 18.12D) and trabeculae (Fig. 18.12E,
arrow) in a patient with an extremely distended bladder containing urinary sediment (Fig. 18.12E, arrowheads). Benign prostate
hypertrophy appears on ultrasound as a homogeneous mass with smooth margins arising from the floor of the bladder (compare
with Fig. 18.11A−C). The patient had a Foley catheter placed with return of 300 mL of urine. He was discharged with a leg-bag and
instructions for urology referral.
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Figure 18.13. Horseshoe kidney. A “horseshoe kidney” was an incidental finding in this 65-year-old patient with abdominal pain who was being
evaluated by ultrasound to exclude aortic aneurysm. The structure with recognizable renal morphology (arrowheads) was seen anterior to a sacral
vertebra (V). The right common iliac artery (IA) and common iliac vein (CIV) can be seen. The vessels on the left were compressed, laterally
displaced, and not seen on this image. The patient should be advised of the abnormally located kidney because it predisposes to complications,
including recurrent infections and increased risk of trauma.
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Ultrasonography of the Abdominal Aorta

Deepak Chandwani

INDICATIONS

The primary indication for emergent ultrasonography of the
aorta is to identify an abdominal aortic aneurysm (AAA). AAAs
develop slowly and may be asymptomatic or present with life-
threatening rupture. AAA rupture accounts for more than 10,000
deaths per year in the United States (1). Initial misdiagnosis is
common because AAAs may present in a myriad of ways. In
the words of Sir William Osler, “There is no disease more con-
ducive to clinical humility than aneurysm of the aorta” (2). Rup-
tured AAAs can present with abdominal pain, flank pain, syn-
cope, lower extremity paresthesias, or peripheral emboli (3),(4).
Because physical examination is only moderately sensitive in the
detection of AAAs, further evaluation with imaging is usually
indicated (5).

DIAGNOSTIC CAPABILITIES

When ruptured or leaking AAA is suspected, ultrasound has
many appealing qualities. Particularly for the hemodynamically
unstable patient, bedside ultrasonography offers a prompt, accu-
rate diagnosis. In even modestly experienced hands, ultrasound
of the aorta can be performed rapidly and can detect the pres-
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Figure 19.1. A: Normal abdominal aorta, longitudinal view. B: Schematic of sagital aorta.

ence of an aneurysm in 95% to 98% of cases (6–8). In addition, it
can be performed bedside, setting it apart from other modalities
such as CT, MRI, and angiography, whereby the patient has to
leave the department. Last, it has the added advantage of not
requiring radiation or exposure to contrast material.

IMAGING PITFALLS/LIMITATIONS

Although ultrasound is an excellent modality for identifying
AAA, it is not effective in identifying whether rupture or leaking
has occurred. The decision that an AAA is ruptured is typically
based on ultrasound findings of the presence of an aneurysm as
well the patient’s clinical presentation. Infrequently, findings of
rupture, such as a retroperitoneal hematoma (which may dis-
place the ipsilateral kidney) or free fluid in the peritoneum (if
leaking has occurred in the peritoneal space), can be seen with
ultrasound (6,9). If the patient is stable, further imaging with
CT is usually indicated (see Chapter 33).

The presence of an obese body habitus or bowel gas may lead
to poor quality ultrasound imaging and make accurate assess-
ment of AAA difficult. In about 10% of ED cases, more than
one-third of the aorta may be obscured (10).

CLINICAL IMAGES
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Figure 19.2. A: Normal abdominal aorta, transverse view. B: Schema-
tic of normal abdominal aorta, transverse view.

Figure 19.4. Bilaterally enlarged iliac arteries (abnormal >2 cm).
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B

Figure 19.3. A: Normal bifurcation of the aorta into the common ili-
acs, transverse view. B: Schematic bifurcation of the aorta into the
common iliacs, transverse view.

Figure 19.5. AAA, longitudinal view.
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Figure 19.6. AAA, transverse view.

Figure 19.8. AAA, transverse view.

Figure 19.10. AAA, longitudinal with color Doppler.

Figure 19.7. AAA, longitudinal view.

Figure 19.9. AAA, longitudinal view.
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Figure 19.11. AAA, transverse view.

Figure 19.12. AAA, longitudinal view.

Figure 19.14. AAA, transverse view.

Figure 19.13. AAA, longitudinal view.

Figure 19.15. AAA, longitudinal view.
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Figure 19.16. AAA, longitudinal view with color Doppler.

Figure 19.18. Saccular aneurysm of the aorta, longitudinal view.
Image courtesy of Anthony Dean, MD.

Figure 19.20. AAA endograft, longitudinal view.

Figure 19.17. AAA, transverse view. Image courtesy of Michael
Lambert, MD.

Figure 19.19. AAA endograft, transverse view.
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Figure 19.21. AAA endograft, longitudinal view with color Doppler.

Figure 19.23. Aortic dissection, transverse view. Image courtesy of
Michael Lambert, MD.

Figure 19.25. Aortic dissection, longitudinal view with color Doppler.
Image courtesy of Michael Lambert, MD.

Figure 19.22. Aortic dissection, transverse view. Image courtesy of
Michael Lambert, MD.

Figure 19.24. Aortic dissection, longitudinal view. Image courtesy of
Michael Lambert, MD.

Figure 19.26. Thrombus in the inferior vena cava, longitudinal view
with color Doppler. Image courtesy of Michael Lambert, MD.
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Ultrasound-Guided Procedures

Daniel D. Price and Sharon R. Wilson

SUPRAPUBIC BLADDER CATHETERIZATION

Indications

Urinalysis is critical in evaluating and treating patients with
suspected urinary tract infections or complex urosepsis. Ure-
thral catheterization is a standard method for obtaining urine
samples, but is not always possible or successful. Ultrasound
evaluation of bladder volume has been shown to significantly
improve catheterization success rates in children when compared
to blind catheterization (1,2). Urethral catheterization may not
be possible secondary to obstruction (e.g., prostatic hypertro-
phy, urethral stricture), or it may be contraindicated secondary
to trauma (e.g., suspected urethral injury). Placement of a supra-
pubic catheter for bladder decompression is indicated in such
cases. Ultrasound guidance for suprapubic bladder catheteriza-
tion has been shown to improve success rates, decrease number
of attempts, and decrease complications (3–9).

Anatomical Considerations

The urinary bladder is protected by the pelvis in adults and older
children. In younger children, the bladder may extend into the
abdomen. Anechoic urine provides an excellent acoustic win-
dow, and the bladder, with rounded walls surrounding dark
urine, is usually easy to visualize (Fig. 20.1). An empty blad-
der is more difficult to visualize, and sonographers should look
for collapsed walls containing small amounts of urine (Fig. 20.2)
similar to a collapsed gallbladder (see Chapter 14). Bowel gas
may impede a clear view of the bladder. The inferior epigastric
vessels should be avoided, as when performing a paracentesis
(Figs. 20.3 and 20.4).

Procedure

Ultrasound is used to confirm the presence of fluid in the bladder
and mark the optimal site for needle puncture. A 2- to 5-MHz
abdominal or phased array transducer should provide excellent
images of the urinary bladder. A setting of 5 MHz will provide
better images in most children and lean adults. A lower setting,
such as 3.5 or 2 MHz, may be needed to achieve adequate penetra-

tion in obese children or adults. The transducer should abut the
symphysis pubis, and the ultrasound beam should be directed
into the pelvis and abdomen as needed to obtain an optimal
view of the bladder. Although a sagital view (Fig. 20.5) should be
obtained to fully survey the bladder, the transverse view is more
accurate in estimating the volume of urine. Dimensions of the
bladder can be measured with calipers or estimated using tics
along the right side of the screen (Fig. 20.6).

A randomized control trial assessed the volume of urine
required for successful urethral catheterization. Patients with a
transverse bladder diameter less than 2 cm on ultrasound were
directed to wait an additional 30 min prior to catheterization.
Sufficient urine was obtained in 94% of patients using ultrasound
guidance compared to 68% in the conventional blind catheteri-
zation group (2).

Success rates for suprapubic bladder catheterization have
been demonstrated to be lower if the transverse bladder diame-
ter is less than 2 cm. These patients should be fluid resuscitated
and the procedure performed in 30 min, or when the bladder
diameter is at least 3.5 cm. Guidance for suprapubic bladder
catheterization can be done by marking the optimal site for aspi-
ration or performing the procedure under direct visualization in
real time. The optimal site is the largest area of fluid closest to the
transducer while avoiding important structures, such as loops of
bowel (Fig. 20.7) and the inferior epigastric artery (Figs. 20.3
and 20.4). After marking this site, the procedure is performed as
usual.

Direct guidance is most helpful when bladder volumes are
low. Following an ultrasound survey of the bladder to identify an
optimal region, anesthetic is injected into the skin and abdom-
inal wall. Sterile preparation of the area is performed, and the
transducer is placed in a sterile cover. An 18- or 21-gauge nee-
dle connected to a syringe is used. The transducer should be in
transverse orientation with respect to the patient, but the nee-
dle is advanced directly under the transducer in its long axis
(Fig. 20.8) to maintain the needle within the ultrasound beam
and allow visualization of the needle throughout the procedure.
The needle tip can be immediately identified in the near field
at the top of the screen (Fig. 20.9), and the angle and depth of
the needle can be adjusted to guide insertion into the bladder.
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Urine obtained in the syringe may be sent for analysis. If bladder
decompression is needed, a stopcock or tubing setup similar to
those used for paracentesis or thoracentesis can be employed.

Pearls and Pitfalls

■ Avoid performing bladder aspiration if only small pockets
of fluid are visible unless diagnostic evaluation of the fluid
is crucial to management of the patient. Fluid resuscitation
and waiting 30 min is strongly recommended.

Figure 20.1. Ultrasound image of a transverse view of a normal uri-
nary bladder with homogenous, anechoic urine (∗) contained within
rounded walls.

Figure 20.3. Abdomen demonstrating the typical course of the
inferior epigastric vessels.

■ Use real-time guidance and a longitudinal approach of the
needle to the transducer (Figs. 20.8 and 20.9) when access-
ing small fluid collections to avoid puncturing important
structures.

■ Fluid-filled loops of bowel can be distinguished from the
bladder by the presence of peristalsis and hyperechoic bub-
bles (Fig. 20.10). Urine should be uniformly anechoic.

■ Hematuria can be avoided if the first syringe of urine is dis-
carded and the sample in a second syringe is sent for urinal-
ysis.

Clinical Images

Figure 20.2. Ultrasound image of a transverse view of an empty uri-
nary bladder with collapsed walls containing a small stripe of anechoic
urine (∗).

Figure 20.4. Ultrasound image of a transverse view of the inferior
epigastric artery (A).



Figure 20.5. Ultrasound image of a sagital view of the urinary bladder.
This view should be used to complete a 3D survey of the bladder.

Figure 20.7. Ultrasound image of a longitudinal view of the urinary
bladder showing adjacent loops of bowel casting characteristic nebu-
lous gray shadows (∗), impeding a clear image.

Figure 20.9. Ultrasound image of a transverse view of the urinary blad-
der with the superficial needle tip in the near field at the top right of
the screen (arrow).

Figure 20.6. Ultrasound image of a transverse view of the uri-
nary bladder with calipers measuring the bladder width and
bracket-identifying ticks along the right side of the screen indi-
cating depth.

Figure 20.8. Needle advancing under the transducer in the lon-
gitudinal axis of the probe. The transducer is in transverse orien-
tation with respect to the patient. This approach allows continu-
ous visualization of the needle throughout its course, including
the depth of the needle tip.

Figure 20.10. Ultrasound image of fluid-filled loops of bowel
with small echogenic bubbles. Urine within the bladder is uni-
formly anechoic (except for the turbulence of ureteral jets, which
appear differently) and does not demonstrate peristalsis as seen
in bowel.
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CENTRAL VENOUS CATHETER PLACEMENT

Background

Ultrasound guidance for placement of central venous catheters
(CVCs) is one of the most important uses of ultrasound in the
clinical setting. More than 5 million CVCs are placed by physi-
cians in the United States each year (10), often in situations
in which vascular access is critical. Relying solely on anatomi-
cal landmarks can be difficult and risky, particularly in patients
who are obese, hypovolemic, in shock, or have local scarring
from injection drug use, surgery, or radiation. Ultrasound guid-
ance allows the physician to clearly visualize the vein, guide the
catheter into its lumen, and avoid adjacent neurovascular struc-
tures.

Ultrasound guidance can dramatically improve the likeli-
hood of success and decrease the risk of complications. Com-
plications have been reported in more than 15% of CVC place-
ments (11). Serious complications include pneumothorax, nerve
injury, arterial puncture with potential arteriovenous malforma-
tion, and hemorrhage. Risk of complication is higher for patients
with pathological or therapeutic coagulopathies (12). Treatment
of these complications may delay therapeutic interventions.

In a recent metaanalysis of seven randomized controlled tri-
als of internal jugular vein (IJV) CVC placements in adults, the
addition of ultrasound guidance resulted in an 86% reduction
in the relative risk of failed catheter placement, a 57% reduc-
tion in the risk of complications, and a 41% reduction in the
risk of failure on the first attempt (13). Results of three trials in
pediatric patients are even more dramatic. The relative risk of
complications was reduced by 73%, and the average number of
attempts was reduced by 2. Successful cannulation was achieved
an average of 349 s more quickly with ultrasound guidance (13).

These results have led national organizations to recommend
the use of ultrasound to guide CVC placement whenever possi-
ble. In its landmark report on iatrogenic errors, the Institute of
Medicine advocates ultrasound guidance as an important modal-
ity to decrease complications (14). The Agency for Health Care
Research and Quality reviewed 79 patient safety practices. The
authors list ultrasound guidance for CVC placement as a top ten
patient safety recommendation (15). In its extensive appraisal,
the British National Institute for Clinical Excellence describes
ultrasound guidance as the preferred method for insertion of
CVCs into the IJV in adults and children (16). Finally, in a study
of closed malpractice claims related to CVCs, almost half of the
claims were judged to be possibly preventable with ultrasound
guidance (17).

Anatomical Considerations

The internal jugular vein lies deep to the sternocleidomastoid
muscle at the level of the bifurcation of its sternal and clavic-
ular heads (Fig. 20.11). The carotid artery generally lies deep
and medial to the IJV (Fig. 20.12). The relationship of these
vessels can change, depending on head position. Turning the
patient’s head 30 degrees to the opposite side of the intended
CVC placement is recommended. In addition to position, the
IJV can be distinguished from the carotid artery by its compress-
ibility, less uniformly round shape, less pulsatility, and charac-
teristic Doppler wave form (Fig. 20.13). The right IJV is usually
preferred because of its more direct path to the superior vena
cava.

Procedure

This section focuses on the use of ultrasound to guide IJV-CVC
placement and presumes experience with standard techniques of
CVC placement. The reader is referred to a recent New England
Journal of Medicine review of central venous catheterization
(18). Although techniques for ultrasound guidance of subcla-
vian vein CVC placement have been described, they are more
difficult, rarely used, and have less supporting evidence (19).
Ultrasound guidance for femoral vein catheterization has been
shown to be helpful in code situations in which the femoral pulse
may not be present (20). Femoral vein CVC placement is simi-
lar to the IJV and follows the same principles discussed herein
(Fig. 20.14).

A 6 to 13-MHz linear transducer is used to provide a high-
resolution image of the superficial IJV. The lower frequency set-
ting (e.g., 7.5 MHz) on the linear transducer may be needed
to adequately image the deeper femoral vessels. Ultrasound can
guide CVC placement in either a static or dynamic manner. In the
static approach, ultrasound is used to verify vascular anatomy
in preparation for an otherwise standard anatomical landmark
technique. If desired, the path of the IJV can be marked with
a sterile surgical pen (Fig. 20.15) or with indentations in the
skin. This approach is easily performed by a single provider and
does not require a sterile cover for the transducer. However, the
anatomy of the neck can change dramatically if the patient moves
his or her head.

The dynamic approach can be performed by one or two
providers (Figs. 20.16 and 20.17). In the two-provider technique,
the assisting physician or nurse operates the ultrasound machine.
A sterile transducer sleeve and coupling gel are required. The
assistant positions the IJV in the center of the screen, which cor-
relates with the center of the transducer, and directs the physician
as he or she advances the needle. In the single-provider technique,
the physician controls the ultrasound transducer with his or her
nondominant hand and advances the needle with the dominant
hand. It is important for the physician to pass the needle through
the plane of the ultrasound beam in order to detect the needle
on the screen (Fig. 20.18). The echodense needle brightly reflects
the sound waves and may produce a characteristic “ring-down”
artifact (Fig. 20.19). Although following the hyperechoic needle
tip is advised, evidence of the needle may be indirect in the form
of soft tissue movement and deformation of the vessel wall. This
view is usually adequate to guide CVC placement.

Once a flash of blood confirms the needle is in the IJV,
the transducer is removed from the field, and catheteriza-
tion proceeds by standard technique. The advantage of the
dynamic approach is that it is more reliable and allows real-time
guidance.

As in other ultrasound applications, examining the struc-
ture of interest in two perpendicular planes can be helpful. The
transverse plane is used the majority of the time for CVC place-
ment because it allows the physician to direct the needle laterally
or medially in order to intersect the IJV and avoid the carotid
artery (Fig. 20.20). In a longitudinal view, the needle remains
within the ultrasound beam and is therefore visualized on the
screen throughout its trajectory (Fig. 20.21). The longitudinal
plane contributes a view of the depth of the needle. This can be
helpful if the needle has advanced through the IJV, but does not
reveal whether the needle passes to the side of the vessel. The
longitudinal view can also be helpful in mapping the course of
the IJV for a static approach (Figs. 20.15 and 20.22).
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Pearls and Pitfalls

■ Index marker – When the physician stands at the head of the
patient’s bed to place the IJV catheter, the index marker on
the transducer facing the patient’s left will correlate with the
index marker on the left side of the ultrasound screen. So,
when one identifies the need to move the needle to the left
or right on the screen, one can naturally move in the same
direction with respect to the patient.

■ Depth – Decrease the depth setting on the ultrasound
machine so the target IJV and adjacent carotid artery fill
the screen.

■ Maneuvers – Multiple studies have analyzed the effect of
Trendelenburg position, positive-pressure ventilation, he-
patic compression, and the Valsalva maneuver on IJV size
(21–23). These maneuvers produce an increase in the cross-
sectional diameter of the IJV, with Valsalva having the largest

Figure 20.11. Neck anatomy and typical location of right inter-
nal jugular central venous catheterization at the bifurcation
of the sternal and clavicular heads of the sternocleidomastoid
muscle.

A B

Figure 20.13. Ultrasound images of Doppler wave forms of IJV (A) and CA (B) in two panels.

independent effect (24). A correlation between IJV dimen-
sion and successful first-pass catheterization has also been
shown (25).

■ Pressing too hard – The IJV may easily collapse from exces-
sive pressure on the transducer, particularly in hypovolemic
patients. This can lead to the needle passing through the
flattened IJV and into the underlying carotid artery. Pres-
sure on the vessels can be minimized by bracing the oper-
ator’s hypothenar eminence or fingers on the patient’s
clavicle.

■ Failure to locate the needle – To be seen on the screen, the nee-
dle must pass through the plane of the transducer. Movement
of tissue can also provide evidence of the needle’s location.

■ Failure to distinguish artery from vein – The target IJV must
be identified with certainty prior to advancing the needle
(see “Anatomical Considerations” on previous page).

Clinical Images

Figure 20.12. Ultrasound image of a transverse view of the right neck
at the bifurcation of the sternal and clavicular heads of the sternoclei-
domastoid muscle showing the IJV (∗) and the carotid artery (CA).
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Figure 20.14. Ultrasound image of a transverse view of the femoral
artery (FA) and vein (∗).

Figure 20.15. Surgical pen delineating the path of the right IJV.

Figure 20.16. One-provider technique of central venous catheteriza-
tion of the right IJV.

Figure 20.17. Two-provider technique of central venous catheteriza-
tion of the right IJV.

Figure 20.18. Needle passing transversely thro-
ugh the ultrasound beam. The needle will only
be visible on the screen where it passes through
the ultrasound beam.
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Figure 20.19. Ultrasound image of a transverse view of the right neck
with the needle producing a characteristic “ring-down” artifact.

Figure 20.20. Ultrasound image of a transverse view of the neck show-
ing the needle within the right IJV.

Figure 20.22. Ultrasound image of a longitudinal view of the right
IJV.

Figure 20.21. Needle within the ultrasound
beam throughout its trajectory. This view
adds the dimension of depth, but it cannot
determine whether the needle passes to the
side of the vein.
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FOREIGN B ODY DETECTION AND RETRIEVAL

Indications

Undetected foreign bodies during initial ED visits may lead
to complications, including inflammatory reaction, infection,
delayed wound healing, poor cosmetic outcome, and, less often,
life-threatening illness (26–31). They are one of the leading
causes of lawsuits against emergency physicians (32,33).

Plain radiographs have historically proven beneficial in the
detection and removal of radiopaque foreign bodies. Ultrasound
accurately detects soft tissue foreign bodies as small as 1 mm and
enables better localization than other imaging techniques (27–
30,34–42). Metals, plastics, wood, cactus, thorns, fish bones, sea
urchin spines, gravel, and grit are all detectable and retrievable
with ultrasound guidance but may be missed on x-ray.

The object’s size, location, depth, 3D orientation, and rela-
tionship to surrounding anatomical structures can be demon-
strated (28,32). Ultrasonography should be considered the
imaging modality of choice for ED detection and retrieval of
soft tissue foreign bodies, particularly in the hands and feet
(28,36,38,43,44).

Anatomical Considerations

Ultrasound-guided detection, localization, and retrieval of for-
eign bodies require familiarity with the anatomy of the area being
scanned. The ultrasonographic appearance of muscle is charac-
terized by a uniformly hypoechoic texture with internal stria-
tions, whereas its fascia is brightly echogenic and thin. Tendons
appear as echogenic ovoid structures when scanned transversely.
Scanned longitudinally, they appear linear with a characteristic
internal fibrillar appearance (45). The surface of bone is char-
acteristically brightly echogenic with far-field acoustic shadows
(Fig. 20.23).

All soft tissue foreign bodies are echogenic and most pro-
duce characteristic patterns (27,34,36,46,47,48,49). The degree
of echogenicity is proportional to the difference in acoustic
impedance at the interface of the foreign body and surround-
ing tissue (27,34,35,36,44). Reverberation artifact or shadowing
deep to the foreign body is due to proximity to anatomical struc-
tures and surface quality.

Several foreign bodies produce unique echographic patterns.
Glass and metal will leave characteristic comet tail effects (Fig.
20.24). Wood, plastic, and cactus spines are hyperechoic with
nondistinct distal shadowing (Fig. 20.25). Sand and pebbles have
strong distinct acoustic shadows (29,32,40,47,50). A hypoechoic
rim surrounding a foreign body is often secondary to an inflam-
matory soft tissue reaction and is often seen when a foreign body
has been present for more than 24 h (Fig. 20.26) (27,28,30,38).

Procedure

Optimal transducer frequency and type may vary, depending
on location and character of the foreign body. High-frequency
6 to 13-MHz linear transducers offer excellent resolution and
a shallow focal zone, and have been recommended for imag-
ing small superficial foreign bodies. Lower frequency 2 to

5.0-MHz transducers have been recommended for imaging soft
tissue foreign bodies embedded in deeper tissue planes (27–
32,34–40,42–47,50–56).

The probe is held perpendicular to the skin surface as it scans
for the foreign body in multiple planes. The frequency, depth, and
gain may be adjusted to search various soft tissue depths. Once
detected, the foreign body is centered in relation to the probe and
its position marked with a pen (27,32). The foreign body is evalu-
ated in both longitudinal and transverse planes. The sonographer
should note depth and proximity to anatomical structures. An
important benefit of ultrasound localization is the opportunity
to identify existing abnormalities, such as neurovascular injury,
tendon rupture, fractures, or fluid collections (27). Once local-
ized, whether retrieval of the foreign body is appropriate should
be addressed. Inert, nonreactive, and asymptomatic objects do
not require removal (31).

Anesthesia may be achieved with local infiltration or nerve
block. If the foreign body is positioned near an existing wound
and can be retrieved without traversing a long distance, retrieval
through the wound is recommended. The wound opening may
be extended as needed.

Although often not necessary, the foreign body may be
retrieved with real-time ultrasound guidance using careful blunt
dissection. Alligator forceps are easiest to maneuver and are rec-
ommended for retrieval (Fig. 20.27). Absence of a substantial
entry wound, inaccessibility of the foreign body through the
wound, or the existence of a missile tract may necessitate a direct
incision over the foreign body for retrieval. Sterile technique
using a probe cover with coupling gel on both sides of the bar-
rier has been recommended if a new incision is made to facilitate
retrieval or when scanning open wounds.

Adjuncts to direct incision and retrieval have proven ben-
eficial. A 20-gauge needle inserted over the foreign body can
be advanced with ultrasound guidance until the tip contacts
the object (Figs. 20.28, 20.29, and 20.30). An incision is made
down to the needle tip. The soft tissue is bluntly dissected, and
the foreign body removed (32). Deeply embedded foreign bod-
ies can be retrieved with needle localization and open retrieval
(35,38,57,58). Using ultrasound guidance, two sterile needles
are directed under the foreign body at a 90-degree angle to
each other (Figs. 20.3 and 20.32) (57). Using the two needles
as landmarks, real-time ultrasonography is used to guide the
incision and blunt dissection down to the intersection of the
needles.

Pitfalls

■ Foreign bodies embedded under bone may go undetected.
■ Hyperechoic objects may be mistaken for bone or tendon.
■ Smaller objects may exceed the limit of a transducer’s resolu-

tion, and low-frequency transducers may not detect super-
ficial objects.

■ Rare false-positive results may be secondary to scar tis-
sue formation, cartilage ossification, soft tissue calcifica-
tions, sesamoid bones, calcified vasculature, or hemorrhage.
Scanning contralateral structures may help identify normal
anatomy.
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Clinical Images

Figure 20.23. Ultrasound image of a transverse view of the wrist
demonstrating bone (B) and tendons (arrows).

Figure 20.25. Ultrasound image of a wooden foreign body with
nondistinct distal shadowing.

Figure 20.27. Blunt dissection with alligator forceps clasping a glass
foreign body in a marinated leg of lamb.

Figure 20.24. Ultrasound image of a metallic needle in the distal lower
extremity with a typical comet tail artifact.

Figure 20.26. Ultrasound image of a foreign body with hypoechoic
rim of surrounding inflammatory reaction.

Figure 20.28. Needle contacting a glass foreign body with ultrasound
guidance of the localization in a leg of lamb.
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Figure 20.29. Ultrasound image of a needle contacting a glass foreign
body in a leg of lamb.

Figure 20.30. One-needle technique of localizing a foreign body
under ultrasound guidance.

Figure 20.31. Two-needle technique of localizing a foreign body under
ultrasound guidance in a leg of lamb.

Figure 20.32. Ultrasound image of the two-needle technique of local-
izing a foreign body under ultrasound guidance in a leg of lamb.
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THORACENTESIS

Indications

Diagnostic thoracentesis is performed when the etiology of a
pleural effusion is unknown. Therapeutic thoracentesis is per-
formed when patients are symptomatic due to an effusion. Ultra-
sound has been shown to be helpful in identifying pleural effu-
sions and guiding management decisions (59). It is also beneficial
in selecting an optimal site to insert a thoracentesis needle (60).

Pneumothorax is the major complication associated with
thoracentesis. Performed without ultrasound guidance, thora-
centesis has yielded pneumothorax rates of 4% to 30% (61–
64). Under ultrasound guidance, rates of pneumothorax dur-
ing thoracentesis have been reported as low as 1.3% to 2.5%
(65,66). Ultrasound has been used to rule out pneumothorax
with a sensitivity higher than chest x-ray when compared to
CT (67).

Anatomical Considerations

Pleural effusions respond to gravity by collecting above the
diaphragm in the upright patient or when the head of the bed
is slightly elevated. The liver and spleen provide excellent acous-
tic windows, allowing better visualization of pleural effusions.
The standard focused assessment with sonography for trauma
(FAST) exam views of the right (Fig. 20.33) and left (Fig. 20.34)
upper quadrants provide familiar anatomical landmarks (Figs.
20.35 and 20.36). During expiration, the diaphragm rises into the
chest; therefore, respiratory changes should be considered when
choosing a site for thoracentesis. The neurovascular bundle runs
along the inferior aspect of each rib and should be avoided (Fig.
20.37). The location of the heart contraindicates left anterior and
lateral approaches.

Procedure

The patient is positioned sitting forward. The head of the bed
can be raised slightly, if the patient is unable to sit upright. A 2- to
5-MHz abdominal or phased array transducer in a longitudinal
orientation can be used to identify the pleural effusion in the left

Figure 20.33. Ultrasound exam of the right upper quadrant
with the transducer in longitudinal orientation and the sound
beam directed into the chest.

or right upper quadrant views with the ultrasound beam directed
cephalad into the chest (Fig. 20.33 and 20.34). The probe can
then be moved to the patient’s back and changed to a transverse
orientation to fit between the ribs. The effusion is mapped by
marking the level of the diaphragm inferiorly and the edge of
the lung superiorly (Fig. 20.38). Identifying the deepest pocket
of fluid between these two landmarks is the goal. Pleural fluid
overlies the brightly echogenic diaphragm and will be darkly
anechoic (Fig. 20.39). Hyperechoic collections of proteinaceous
debris may be present (Fig. 20.40). Air scatters sound waves, and
lung will appear gray and nebulous (Fig. 20.41). Bone of the
scapula and ribs will be brightly echogenic in the near field with
typical underlying shadows (Fig. 20.42). Once the ideal location
is identified, the area should be observed during respiration to
determine if the lung, liver, or spleen moves into the selected
space.

The optimal area in the midscapular line should be marked
with a sterile pen, and the thoracentesis should proceed as usual
under sterile conditions using local anesthesia or an intercostal
nerve block. The depth of the fluid pocket should be kept in
mind, and the needle should only be advanced deeply enough to
obtain fluid. The needle should pass directly over the adjacent
rib to avoid the neurovascular bundle. Use of a plastic catheter
is recommended to minimize the risk of pneumothorax.

Although real-time ultrasound guidance can be used, it is
technically difficult and rarely necessary. If the pleural effusion
is small (Fig. 20.43), the physician should strongly reconsider the
importance of obtaining the fluid sample.

Pearls and Pitfalls

■ Map the pleural effusion and observe changes with respira-
tion.

■ Choose a thoracentesis site well above the level of the liver or
spleen.

■ Insert the needle over the rib to avoid the neurovascular
bundle.

■ Carefully avoid the lung because pneumothorax is the most
common and serious complication.

■ Avoid attempting to tap a small pleural effusion.

Clinical Images

Figure 20.34. Ultrasound exam of the left upper quadrant with
the transducer in longitudinal orientation and the sound beam
directed into the chest.



Figure 20.35. Ultrasound image from a longitudinal view of the
right upper quadrant showing a right pleural effusion (∗) overlying
the diaphragm (arrow) and liver (L).

Figure 20.37. Longitudinal view through the bony chest showing a
thoracentesis needle advancing over a rib to avoid the neurovascular
bundle running along the inferior aspect of the ribs.

Figure 20.39. Ultrasound image from a longitudinal view of the right
upper quadrant showing anechoic pleural fluid (∗) overly the brightly
echogenic diaphragm (arrow).

Figure 20.36. Ultrasound image from a longitudinal view of the left
upper quadrant showing a left pleural effusion (∗) overlying the
diaphragm (arrow) and spleen (S).

Figure 20.38. Ultrasound exam of a patient’s back mapping the level
of the scapula and lung superiorly and the diaphragm inferiorly. The
transducer is oriented transversely, and an optimal location for thora-
centesis is indicated by an X.

Figure 20.40. Ultrasound image from a longitudinal view of the
right upper quadrant showing anechoic pleural fluid (∗) containing
hyperechoic collections of proteinaceous debris (arrow).
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Figure 20.41. Ultrasound image from a longitudinal view of the right
upper quadrant demonstrating nebulous gray lung overlying a small
anechoic pleural effusion (∗).

Figure 20.43. Ultrasound image of a longitudinal view of a small pleu-
ral effusion overlying the right hemidiaphragm. It is not recommended
to perform a thoracentesis on an effusion this small.

LUMBAR PUNCTURE

Indications

Lumbar puncture (LP) is one of the most frequently performed
procedures in the acute care setting. Obtaining a sample of cere-
brospinal fluid (CSF) is crucial in establishing a diagnosis of
central nervous system infection or subarachnoid hemorrhage.
This procedure is successfully performed using anatomical land-
marks. In obese patients or when multiple attempts have been
unsuccessful, ultrasound may help identify an appropriate site
for puncture. Emergency physicians, radiologists, and anesthe-
siologists have reported ultrasound to be helpful in identifying
spinal anatomy (68–73). A recent randomized controlled trial
found that the use of ultrasound significantly reduced the num-
ber of LP failures and improved the ease of the procedure in
obese patients (74).

Figure 20.42. Ultrasound image from a longitudinal view of the back
demonstrating bone of the scapula (S) and rib (∗). Bone appears
brightly echogenic in the near field with hypoechoic underlying shad-
ows.

Anatomical Considerations

Ultrasound is used to identify the optimal location for pass-
ing the LP needle between the posterior spinous processes and
into the dural space (Fig. 20.44). When anatomical landmarks
cannot be accurately palpated, ultrasound allows visualization
of the spinous processes, enabling identification of the midline
and the interspaces. As is typical for dense structures with high
acoustic impedance, the boney spinous processes reflect most
of the sound waves and appear echogenic in the near field. Few
sound waves are conducted deeply, so shadows appear below the
superficial surface of the bone (Fig. 20.45).

Procedure

In children and nonobese adults, a 7.5-MHz linear trans-
ducer will provide a more detailed image. However, ultrasound
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guidance is more often required in obese patients. An abdomi-
nal, microconvex, or phased array transducer in the range of 3.5
to 5 MHz may be needed to penetrate more deeply. The patient
should be positioned on his or her side so an accurate opening
pressure can be measured.

The transducer can be placed in transverse or longitudinal
orientation based on image quality and physician preference.
In a longitudinal view with the index marker toward the head,
two adjacent spinous processes are identified. The probe is posi-
tioned so the interspace (usually L4–5) is in the center of the
screen (Fig. 20.45). The midline is marked at both ends of the
transducer. The interspace is marked on both sides of the center
of the transducer (Fig. 20.46). With the transducer in transverse
orientation, the probe is moved up and down the spine to iden-
tify adjacent spinous processes (Fig. 20.47). The interspace is
marked at the ends of the transducer, and the midline is marked
on both sides of the center of the transducer (Fig. 20.48).

Figure 20.44. Sagital view of the lumbosacral spine demon-
strating a spinal needle advancing between the spinous pro-
cesses of L4 and L5 into the dural space.

Once the optimal location is marked, the LP can be per-
formed as usual under sterile conditions. Ultrasound should be
used to estimate the depth the needle will need to advance to
reach the dural space. Real-time guidance is technically diffi-
cult and not recommended due to the small interspinous space
and the angle of the spinous processes. Other details of spinal
anatomy can be seen in some patients, but they can be difficult
to identify and add little to basic identification of the midline
and interspinous spaces.

Pearls and Pitfalls

■ Do not mark the interspace with the patient sitting and then
perform the LP with the patient on his or her side because
the overlying skin and soft tissue may shift.

■ Based on depth estimated by ultrasound, a longer spinal nee-
dle may be needed.

Clinical Images

Figure 20.45. Ultrasound image from a longitudinal view showing the
spinous processes (∗) of lumbar vertebrae and an arrow indicating the
target spinal interspace.

Figure 20.46. Ultrasound used to identify and mark the L4–5 inter-
space with the transducer in a longitudinal orientation. Marks are
made on the skin at the ends and middle of the transducer.
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Figure 20.47. Ultrasound image from a transverse view showing the
spinous process (∗) of a lumbar vertebra with acoustic shadowing. The
probe should be advanced cephalad and caudad to confirm midline
and identify the intervertebral space between spinous processes.

PARACENTESIS

Indications

The amount of peritoneal fluid in patients requiring therapeutic
paracentesis may be large enough that ultrasound is not neces-
sary. However, physical examination of the abdomen for detect-
ing ascites is often inaccurate with a sensitivity as low as 50% and
an overall accuracy of 58% (75). In a recent study, 25% of patients
suspected of having ascites did not have adequate amounts of
peritoneal fluid to be safely drained by needle puncture (76).
In these cases, ultrasound would allow the physician to quantify
the amount of peritoneal fluid and, if necessary, guide the needle
puncture to avoid complications such as bowel or bladder per-
foration. Ultrasound-guided paracentesis is especially beneficial
in coagulopathic patients who are at increased risk for bleed-
ing from punctures of the abdominal wall or intraabdominal
structures.

A randomized controlled trial of 100 patients with sus-
pected ascites compared ultrasound-guided paracentesis with
the traditional blind technique. Ultrasound guidance signifi-
cantly improved the success rate of paracentesis (95% vs. 61%).
When the blind technique initially failed, the procedure was
repeated using ultrasound guidance. Peritoneal fluid was suc-
cessfully obtained in 87% of the repeated procedures (76).

Anatomical Considerations

In addition to confirming the presence of peritoneal fluid, ultra-
sound is most commonly used to determine the optimal site
for needle puncture. This use of ultrasound is important when
peritoneal fluid has not adequately accumulated in the left lower
quadrant of the abdomen as traditionally taught. A study exam-
ining the pattern of ascitic fluid accumulation found the largest
pockets of fluid in the perihepatic region. The next most com-
mon sites of fluid collection were around the bladder, the right
paracolic gutter, and then in the left flank. In six of eight patients
with peritoneal fluid in the left flank, loops of bowel were iden-

Figure 20.48. Ultrasound used to identify and mark the L4–5 inter-
space with the transducer in a transverse orientation. Marks are made
on the skin at the ends and middle of the transducer.

tified between the abdominal wall and the fluid collection in the
expected path of a blind puncture (77).

Traditionally, the risk of bladder perforation was minimized
by requesting patients to void or by catheter drainage of urine.
Ultrasound guidance allows the bladder to be distinguished and
avoided. Other anatomical structures to avoid, especially in coag-
ulopathic patients, are the inferior epigastric vessels (Figs. 20.49
and 20.51). The authors are currently studying the use of ultra-
sound to identify this vascular structure.

Procedure

An abdominal 2- to 5-MHz transducer is typically used to iden-
tify intraabdominal fluid. Elevating the head of the bed will help
fluid drain into the dependent lower quadrants and create larger
pockets. Sterile preparation and probe covers are unnecessary
for the initial ultrasound survey of the abdomen.

Once an optimal anatomical site is identified, it can be
marked with a sterile surgical pen. The site should access a sig-
nificant collection of fluid while avoiding important anatomical
structures such as bowel, bladder, and inferior epigastric vessels
(Fig. 20.52). If the patient does not change position, the ultra-
sound probe can be set aside and the procedure performed as
usual (Fig. 20.53). If the patient does move, the optimal puncture
site should be reconfirmed.

Paracentesis can also be performed under real-time ultra-
sound guidance, but this is only necessary if pockets of fluid are
small (Fig. 20.54) or vulnerable anatomical structures are present
(Fig. 20.54). Ultrasound guidance is especially important in these
cases, and the need for paracentesis should be carefully weighed
against the risks of complications. A linear 6 to 13-MHz trans-
ducer with probe cover can be used for real-time guidance under
sterile conditions. The linear transducer is also best for identify-
ing the inferior epigastric artery, which can be further elucidated
with color and pulse wave Doppler (Fig. 20.51).

As with any needle-guided procedure, the needle will only be
seen on the screen as it passes through the plane of the ultrasound
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beam. In the transverse plane (see Fig. 20.18 in “Central Venous
Catheter Placement” section), the transducer should be centered
over the optimal site for puncture. The needle should then be
passed directly under the center of the transducer at a steep
angle. It will appear in the near field at the top of the screen and
can be redirected medially or laterally as needed. In a transverse
view, the probe should be advanced to maintain a constant view
of the needle tip to avoid penetrating too deeply (Fig. 20.55).
Characteristic ring-down artifact can help confirm the presence
of the needle (Fig. 20.56).

In the longitudinal plane, the needle is viewed throughout its
course into the peritoneal cavity (Fig. 20.57). However, because
the sound beam is thin, it can be difficult to keep the needle within
the image and on the screen. The sonologist’s ability to main-
tain visualization improves with experience, and in anatomi-
cally difficult circumstances, this is the recommended technique.

Figure 20.49. Classic position of the inferior epigastric arteries.

A

Figure 20.50. Ultrasound images with an arrow indicating the hypogastric vessels in B mode (A), with color power Doppler (B)
and pulse wave Doppler (C).

Real-time ultrasound-guided paracentesis is typically performed
as a one-person procedure (Fig. 20.58), although a second person
can operate the ultrasound machine, freeing the other provider
to concentrate on the paracentesis.

Pearls and Pitfalls

■ Avoid performing paracentesis if only small pockets of fluid
are visible unless diagnostic evaluation of the fluid is crucial
to management of the patient.

■ Use real-time guidance and a longitudinal view of the needle
when accessing small fluid collections to avoid puncturing
important structures.

■ A full bladder extending into an otherwise attractive area of
collected fluid can be avoided if the patient is able to void or
a catheter is placed to drain the bladder.

Clinical Images

B

C
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Figure 20.51. Ultrasound image showing optimal site for paracente-
sis with a significant fluid collection (∗), while avoiding important
anatomical structures such as bowel, bladder, and inferior epigastric
vessels.

Figure 20.53. Ultrasound image of a longitudinal view showing the
bladder (B) and a small fluid collection (∗).

Figure 20.52. Paracentesis needle draining clear ascitic fluid.

Figure 20.54. Ultrasound image of a longitudinal view of the bladder
(B) and ascitic fluid (∗) with vulnerable loops of bowel (arrow).
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Figure 20.55. Transversely oriented transducer and needle with arrow
indicating advancement of transducer performed to maintain the nee-
dle tip within view.

Figure 20.57. Ultrasound image of a longitudinal view showing the
needle passing into the peritoneal cavity. This is the safest technique of
real-time ultrasound guidance if quantities of peritoneal fluid are small
and a sample is crucial to patient management because the needle is
visualized throughout its course.

PERICARDIO CENTESIS

Indications

Unrecognized pericardial tamponade is one of the most quickly
fatal pathological entities in medicine. Fortunately, ultrasound
can accurately make this diagnosis within seconds and guide
pericardiocentesis, a lifesaving intervention. Ultrasound has
been regarded as the gold standard for diagnosis of pericardial
tamponade since the mid-1960s (78). Accurate scanning for tam-
ponade by noncardiologists has been demonstrated (79) and lead
to its inclusion in the FAST exam (see Chapter 15) and Advanced
Trauma Life Support (80).

Traumatic pericardial tamponade is typically treated surgi-
cally with an open thoracotomy or pericardial window. The acute

Figure 20.56. Ultrasound image of transverse view of needle passing
into peritoneal cavity filled with ascites (∗). Characteristic ring-down
artifact from the needle is indicated by the bracket (}).

Figure 20.58. Single-person paracentesis technique with the needle in
the longitudinal axis of transducer.

treatment of nontraumatic pericardial tamponade is needle peri-
cardiocentesis. Pericardiocentesis is indicated when a pericardial
effusion is identified on ultrasound (Fig. 20.59) and when the
patient is hypotensive or at risk for soon becoming hypotensive.

Traditional blind pericardiocentesis entails needle insertion
using a longer subxiphoid approach (Fig. 20.60). The subxiphoid
ultrasound view (Fig. 20.61) demonstrates that this approach
traverses the liver. In addition, the needle has the potential to
inadvertently puncture the right atrium, the right ventricle, or
a coronary artery more than 100 times per minute as the heart
rapidly contracts. Pneumothorax is another known complica-
tion of the blind subxiphoid approach (81,82).

Studies of the blind subxiphoid technique have yielded mor-
bidity and mortality rates as high as 50% and 6%, respectively
(82–89). A series of 1,127 pericardiocenteses demonstrated that



Ultrasound-Guided Procedures 305

the addition of ultrasound guidance reduced the morbidity and
mortality to less than 4.3% and 0.1%, respectively. The overall
success rate in this large series was 97%, with success on the first
attempt in 89% of cases (90). In pediatric patients, ultrasound-
guided pericardiocentesis was even more consistently successful
and safer (91).

Ultrasound also provides new and safer approaches to peri-
cardiocentesis by allowing the offending fluid to be accessed from
positions on the body surface where the effusion is closest to the
transducer and vital structures are avoided (92,93). In the series
of 1,127 ultrasound-guided pericardiocenteses, the apical (Fig.
20.62) or parasternal approaches (Figs. 20.63 and 20.64) were the
preferred entry sites in 79% of cases, with the subcostal approach
chosen in only 15% (90).

Anatomical Considerations

Tamponade occurs when a sufficient volume of fluid accu-
mulates in the pericardial space to inhibit the heart’s abil-
ity to relax and fill with blood during diastole. This is indi-
cated on ultrasound by bowing or collapse of the right atrial
or ventricular wall during diastole (Fig. 20.59). These patients
are usually hypotensive, and the continued fluid accumula-
tion will lead to further hemodynamic instability and death
(94–98).

The pericardiocentesis needle must avoid multiple vital
structures. The liver, which appears gray and homogenous under
the echogenic diaphragm, is especially vulnerable if the sub-
xiphoid approach is chosen (Figs. 20.60 and 20.61). The gray
myocardium may be highlighted by surrounding anechoic
(black) fluid within the hyperechoic pericardium (Fig. 20.65).
Air scatters ultrasound waves, causing the lung to appear charac-
teristically gray and nebulous (Fig. 20.66). The physician should
choose an approach that avoids the left internal mammary artery
running longitudinally 3 to 5 cm lateral to the sternal border (Fig.
20.64) and the intercostal neurovascular bundle inferior to each
rib (see Fig. 20.37 in “Thoracentesis” section).

Chapter 17 fully reviews the basic cardiac views. Using a 1
to 5-MHz phased array or microconvex transducer to minimize
rib shadow (an abdominal probe can also be used), a pericardial
effusion should be examined in the subxiphoid, parasternal long-
axis, parasternal short-axis, and apical four-chamber views to
determine the most appropriate path for the pericardiocentesis
needle.

In the subxiphoid view, the transducer is placed directly sub-
jacent to the xiphoid with the index marker pointing to the
patient’s right (Fig. 20.67). To obtain the proper coronal view
of the heart (Fig. 20.61), the angle of the probe should be shal-
low with the sound beam directed cephalad and slightly to the
patient’s left. This view can be difficult to obtain in obese patients
or when the abdomen is tender. The sound beam should fan
through the heart from anterior to posterior in order to identify
an early dependent posterior effusion. However, most pericar-
dial effusions leading to tamponade are circumferential, filling
the pericardial space (Fig. 20.65). Smaller, acutely acquired effu-
sions can lead to tamponade.

In the parasternal long-axis view, the transducer is placed
perpendicular to the chest wall at nipple level with the index
marker pointing to the patient’s right shoulder (Fig. 20.68). The
transducer is fanned to the left and right to view the entire heart
(Fig. 20.69). A dependent pericardial effusion will first appear in
the far field (Fig. 20.70, see also Fig. 20.59).

The parasternal short-axis view is obtained by rotating the
transducer 90 degrees clockwise from the parasternal long-axis
view, so the index marker is pointed to the patient’s left shoulder
(Fig. 20.71). The transducer is fanned through the heart in a
cross-sectional orientation (Fig. 20.72). An effusion will initially
be seen in the dependent far field (Fig. 20.73).

In the apical four-chamber view, the transducer is placed at
the point of maximum impulse, with the index marker to the
patient’s right (Fig. 20.74). The sound beam is directed cepha-
lad and slightly to the patient’s right at a shallow angle similar
to the subxiphoid view (Fig. 20.75). The sound beam should
fan through the heart from anterior to posterior to identify a
dependent posterior effusion (Fig. 20.76).

Procedure

The goal of the ultrasound exam is to determine the insertion
point and course of the pericardiocentesis needle. All four views
should be used to determine the largest collection of fluid closest
to the skin surface and away from vital structures. Using real-
time ultrasound guidance for pericardiocentesis can be difficult.
Marking the best needle insertion site with a surgical pen and
noting the best angle for insertion based on the angle of the
sound beam is generally the best approach. Depth of insertion
should be noted by measuring the distance or estimating the
depth based on the 1-cm ticks along the right side of the screen.
Once the site and angle are determined, the patient should not
move or the anatomical position of the heart will change.

Once the patient has been prepped and draped, the trans-
ducer should be placed in a sterile sheath and the needle’s inser-
tion site, angle, and depth reconfirmed prior to the procedure to
secure the needle trajectory in the operator’s mind. If time per-
mits, the insertion site should be anesthetized. Commercially
available pericardiocentesis kits contain the necessary supplies.
A saline-filled syringe is attached to a 16- or 18-gauge sheathed
needle, which is advanced along the predetermined trajectory
into the pericardial effusion. A flash of fluid suggests placement
within the pericardium. If the location is unclear, the needle tip
may be visualized by ultrasound. Injection of saline from the
syringe will create turbulence that can be seen on B-mode ultra-
sound and with color Doppler (Figs. 20.77 and 20.78).

Saline echo-contrast medium can be created by connecting
a 5-mL syringe loaded with normal saline and an empty 5-mL
syringe to a three-way stopcock, and rapidly injecting back and
forth between the two syringes (Fig. 20.79). The agitated saline is
quickly injected into the needle and observed on B-mode ultra-
sound (Fig. 20.80). If the needle is in the pericardial sac, the
procedure may continue. If the needle is not in the pericardial
sac, it should be repositioned by slight withdrawal, or it may
need to be withdrawn completely and pericardiocentesis reat-
tempted with reassessment of the needle trajectory by ultrasound
(93).

Once the pericardial location of the needle is confirmed,
the needle is advanced approximately 2 mm, and the catheter is
advanced over the needle. The steel needle core is withdrawn.
Fluid can be removed until cardiac function is adequate to pro-
vide hemodynamic stability. The catheter can be sutured in place
and a secure dressing applied. The catheter should be left in
place, even during transport, to allow drainage of reaccumulated
fluid. Fluid that reaccumulates should be aspirated intermittently
rather than continuously and the sheath flushed with normal
saline to avoid catheter obstruction (93). A pigtail catheter has
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been recommended for malignant effusions (99) or postopera-
tive pericardial effusions (100).

Pitfalls

■ Pneumothorax is a significant risk with the blind technique
and can be avoided when ultrasound is used. The air within
the lung scatters the sound waves, producing a characteristic
nebulous gray appearance (Fig. 20.66).

Figure 20.59. Ultrasound image from a parasternal long-axis view
showing a large pericardial effusion (∗) with diastolic collapse (arrow)
of the right ventricle (RV) indicating tamponade.

Figure 20.61. Ultrasound image from a normal subxiphoid view
showing the liver (L) in the near field within the typical pericardio-
centesis needle trajectory toward the heart (RA right atrium, RV right
ventricle).

■ Laceration of the intercostal vessels can result if the needle
passes along the inferior aspect of a rib (see Fig. 20.37 in
“Thoracentesis” section).

■ Coronary arteries can be avoided by keeping the needle
within the pocket of fluid and away from the heart.

■ The left internal mammary artery runs longitudinally, 3 to
5 cm lateral to the sternum, and should be avoided (Fig.
20.64). Injury of this vessel is an extremely rare complication.

Clinical Images

Figure 20.60. Subxiphoid pericardiocentesis approach.

Figure 20.62. Apical pericardiocentesis approach.
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Figure 20.63. Parasternal pericardiocentesis approach.

Figure 20.64. Pericardiocentesis using a parasternal approach. Note
the path of the left internal mammary artery (LIMA).

Figure 20.65. Ultrasound image from a subxiphoid view demonstrat-
ing a circumferential pericardial effusion (∗) between the hyperechoic
pericardium (arrow) and the gray myocardium (M).

Figure 20.66. Ultrasound image from an apical four-chamber view
showing the characteristic nebulous gray pattern of air within the lung
(L).

Figure 20.67. Proper placement of the ultrasound transducer to obtain
a subxiphoid view. The index marker is pointed to the patient’s right
(arrow).
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Figure 20.68. Proper placement of the ultrasound transducer to obtain
a parasternal long-axis view. The index marker is pointed to the
patient’s right shoulder (arrow).

Figure 20.70. Ultrasound image from a parasternal long-axis view
showing a small pericardial effusion (∗). Although small, if acquired
acutely and enlarging, this effusion could lead to tamponade.

Figure 20.72. Ultrasound image from a normal parasternal short-axis
view showing the left ventricle (LV), right ventricle (RV), and hyper-
echoic pericardium (arrow).

Figure 20.69. Ultrasound image from a normal parasternal long-axis
view showing the left atrium (LA), left ventricle (LV), right ventricle
(RV), and hyperechoic pericardium (arrow).

Figure 20.71. Proper placement of the ultrasound transducer to obtain
a parasternal short-axis view. The index marker is pointed to the
patient’s left shoulder (arrow).

Figure 20.73. Ultrasound image from a parasternal short-axis view
demonstrating a circumferential pericardial effusion (∗).
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Figure 20.74. Proper placement of the ultrasound transducer to obtain
an apical four-chamber view. The index marker is pointed to the
patient’s right (arrow).

Figure 20.76. Ultrasound image from an apical four-chamber view
demonstrating a circumferential pericardial effusion (∗).

Figure 20.78. Ultrasound image showing turbulence within a phan-
tom vessel highlighted by color Doppler.

Figure 20.75. Ultrasound image from a normal apical four-chamber
view showing the left atrium (LA), left ventricle (LV), right atrium
(RA), right ventricle (RV), and hyperechoic pericardium (arrow).

Figure 20.77. Ultrasound image showing turbulence within a phan-
tom vessel.

Figure 20.79. Process of agitating saline ultrasound contrast.
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Figure 20.80. Ultrasound image of agitated saline within a phantom
vessel.
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Abdominal–Pelvic Ultrasound

Mike Lambert

INDICATIONS

Abdominal-pelvic ultrasounds ordered or performed in the ED
are used to diagnose life-threatening obstetrical or gynecolog-
ical diseases that may require emergent surgery. Any pregnant
patient with lower abdominal pain with or without vaginal bleed-
ing requires an ultrasound in order to rule out an extrauter-
ine gestation (ectopic pregnancy). Nonpregnant patients with
lower abdominal pain, pelvic pain, or tenderness on biman-
ual examination are also candidates for a pelvic ultrasound
in order to rule out ovarian torsion or tuboovarian abscess.
Pelvic ultrasound is also capable of helping guide the emergency
physician in the management of other nonemergent obstetri-
cal/gynecological disease processes, such as incarcerated uterus,
abnormal intrauterine pregnancies, no definitive pregnancies,
and ruptured ovarian cysts.

DIAGNOSTIC CAPABILITIES

The following entities are readily diagnosed using abdominal-
pelvic ultrasound:

1. Extrauterine pregnancies
2. Incarcerated uterus
3. Live intrauterine pregnancies (LIUPs)
4. Intrauterine pregnancies (IUPs)
5. Abnormal intrauterine pregnancies (AbnIUPs)
6. No definitive intrauterine pregnancies (NDIUPs)
7. Ovarian torsion
8. Tuboovarian abscess
9. Ovarian cysts (OCs)

10. Uterine fibroids
11. Gynecological cancer

IMAGING PITFALLS/LIMITATIONS

There are several potential limitations to abdominal-pelvic
ultrasound:

1. Transabdominal ultrasound imaging – Obesity can fre-
quently interfere with the quality of the image displayed by
providing further distance between the transducer and the
area of interest. An unfilled or small bladder bowel allows
bowel to become interposed between the peritoneum and
the uterus, causing the sound beam to scatter and thus pro-
duce poor imaging of the pelvis.

2. Endovaginal ultrasound imaging – A full bladder typically
repositions the normally anteverted uterus further away from
the transducer, limiting the imaging quality of this high-
frequency probe. It also creates side lobe artifacts, which
commonly distort the view of the uterine fundus and its
contents.

CLINICAL IMAGES

This section is divided into three parts. Part 1 includes gyne-
cological normal images of the uterus, ovaries, and bladder
in sagital and coronal planes. Part 2 includes obstetrical nor-
mal images of the uterus and ovaries in sagital and coronal
planes. Part 3 includes interesting and pathological images of the
uterus, ovaries, and adnexa in sagital, coronal, and some oblique
planes.

Part 1: The following images are normal gynecological ultra-
sound images or images with normal variants of the uterus
(UT), ovaries (OV), and bladder (Bl) in sagital and coronal
planes.

313



314 Lambert

A

B

Figure 21.1. A: Transabdominal axial (transverse) view of the UT, OV,
and Bl. B: Schematic of transabdominal axial (transverse) view of the
UT, OV, and Bl.

A

B

Figure 21.2. A: Transabdominal sagital (longitudinal) view of the UT,
vaginal stripe, and Bl. B: Schematic transabdominal sagital view of the
UT, vaginal stripe, and Bl.

A B

Figure 21.3. A: Endovaginal sagital view of the UT and the three distinct layers of the endometrial stripe (EMS). B: Schematic endovaginal
sagital view of the UT and EMS.
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Figure 21.4. Endovaginal coronal view of the UT and EMS.

Figure 21.6. Endovaginal longitudinal view of the UT and Bl anterior
and superior to the UT.

Part 2: The following images are obstetrical ultrasound
images of the UT, OV, and adnexa in sagital and coronal
planes. When pregnancy has been established by a urine or
serum pregnancy test, an ultrasound documents where the
pregnancy is located. There are three ultrasound categories
commonly used to describe the location of a pregnancy: 1)
within the endometrial echo of the UT, 2) outside the endome-
trial echo of the UT, and 3) the pregnancy cannot be clearly
localized.

Figure 21.5. Endovaginal sagital view of the retroverted UT. Notice
the fundus (Fd) of the UT is oriented toward the right side of the
image.

Figure 21.7. Endovaginal sagital view of the left OV. There is a large
follicle (fo) in the center of the OV with smaller follicles at the periphery.
The external iliac (EI) vessel is visualized in its long axis just inferior
to the ovary.

Section 1: Pregnancy localized within the endometrial echo
of the UT. Although the location is within the UT, there are
three distinct diagnostic criteria to pregnancies localized within
the UT: 1) IUP, 2) LIUP, and 3) AbnIUP. IUP documented by
ultrasound using this label should clearly provide landmarks
(LMs) of a gestational sac (GS) of at least 5 mm with a concen-
tric echogenic rim within the endometrial echo of the UT with
evidence of a double decidual sac (DDS) sign, a yolk sac (YS), or
a fetal pole (FP).



Figure 21.8. Endovaginal sagital view of an IUP. The anechoic
GS of ∼8 mm has a thick concentric hyperechoic rim. Dur-
ing pregnancy, the hyperechoic endometrial lining of the UT
(decidua vera = DV) also envelops the GS (referred to as the
decidua capsularis = DC) to illustrate the “double bubble”
(or DDS sign).

Figure 21.10. Endovaginal longitudinal view of the UT. A
definitive sign of early pregnancy is the YS seen within the GS.
LIUP documented by ultrasound using this label should clearly
provide LM of a GS within the endometrial echo of the UT
containing an FP with evidence of cardiac activity (CA).

Figure 21.12. Transverse longitudinal view of the UT. An obvi-
ous FP with head, arm, and leg are visualized.

Figure 21.9. IUP. Transabdominal sagital (longitudinal) view
of the UT, with YS seen within the GS. A safe criterion for IUP
is a GS with a mean sac diameter (MSD) greater than 5 mm and
evidence of a YS or FP. Although a DDS is the earliest sign of
pregnancy, it can be mistaken for a pseudogestational sac (PGS).

Figure 21.11. Endovaginal longitudinal view of the UT. A YS
is seen within the GS, and on the left border, the hyperechoic
sidecar is the FP with CA.

Figure 21.13. Endovaginal longitudinal view of the UT. An
obvious fetus is visualized as well as the amniotic sac (AS),
which is frequently seen between the ninth and twelfth gesta-
tional week. The secondary YS is also apparent posterior to the
fetus.
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Figure 21.14. AbnIUP. Endovaginal sagital view of the UT reveals
a large empty GS. A GS with an MSD greater than 10 mm and no
evidence of a YS.

Figure 21.16. AbnIUP. Endovaginal coronal view of the UT reveals
a large GS with an obvious FP and no evidence of CA.

Section 2: Pregnancy localized outside the endometrial echo
of the UT. This extrauterine gestation (EUG) is commonly
referred to as an “ectopic” pregnancy. To fulfill this criterion, we

Figure 21.15. AbnIUP. Endovaginal coronal view of the UT reveals a
large empty GS.

Figure 21.17. Endovaginal midline sagital view of the UT without
evidence of a GS within the endometrial echo of the UT.

would need LMs of a GS of at least 5 mm MSD with an echogenic
rim outside the endometrial echo of the UT with evidence of a
YS or an FP.
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Figure 21.18. Endovaginal right sagital view of the UT with a GS and
FP outside the endometrial echo of the UT. Three hyperechoic extrem-
ity buds are visible.

Figure 21.20. Endovaginal coronal view of the UT without evidence
of a GS within the endometrial echo of the UT.

Figure 21.22. Same patient as in Figure 21. Transabdominal sagital
view left of the midline with suspicious mass superior and anterior to
the UT.

Figure 21.19. Endovaginal coronal view of the UT without evidence
of a GS within the endometrial echo of the UT. The right adnexa reveal
a poorly visible FP better seen in the more anterior coronal image in
Figure 20.18.

Figure 21.21. Transabdominal view of the UT without evidence of a
GS within the endometrial echo of the UT.

Figure 21.23. Same patient as in Figure 21. Transabdominal sagital
view left of the midline with GS and FP superior and slightly anterior
to the UT.



Figure 21.24. Same patient as in Figure 21. Transabdominal
view of the UT without evidence of a GS within the endometrial
echo of the UT.

Figure 21.26. Same patient. The EMS is pointing to the right
side of the UT. This is commonly referred to as the “endometrial
line sign.”

Figure 21.28. Endovaginal sagital view of the pelvis with evi-
dence of a live EUG posterior to the UT. The saclike structure
within the UT has no DDS sign nor does it meet criteria for an
IUP. This is commonly referred to as a PGS.

Figure 21.25. Endovaginal coronal view of the UT without evi-
dence of a GS within the endometrial echo of the UT. Adjacent
to the right border of the UT is a GS with FP.

Figure 21.27. Same patient as in Figure 26. The EMS is point-
ing to the right adnexa. This is commonly referred to as the
“endometrial line sign.” Notice that the GS is partially within
the myometrium of the UT. This pregnancy is within the fallo-
pian tube as it passes through the myometrium. This is com-
monly referred to as a “cornuate” or “interstitial ectopic.”
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Section 3: Pregnancy cannot be clearly localized. To fulfill this
category, we would need LMs of an empty UT, or if there appears
to be a GS, it does not meet criteria for an IUP. Three diagnostic
possibilities exist: 1) the pregnancy is in the correct location,
but it is too early to definitively call an IUP; 2) the pregnancy is

Figure 21.29. NDP. Endovaginal sagital view of the pelvis with no
evidence of a definitive IUP. Images through the pelvis revealed no
EUG as well.

extrauterine, but there are no definitive LMs to be categorized
as an EUG; or 3) spontaneous abortion has occurred. When
we cannot clearly localize a pregnancy, it is commonly referred
to as an NDIUP. A more concise term would be “no definitive
pregnancy” (NDP).

Part 3: Interesting and pathological images of the UT, OV, and adnexa in sagital, coronal, and some oblique planes.

Figure 21.31. Nabothian cysts. Endovaginal longitudinal view of the
UT at the level of the cervix. Two anechoic, circular structures near
the endocervical canal. These are normal findings in women who have
had children.

Figure 21.32. Nabothian cysts. Endovaginal transverse view of the UT
at the level of the cervix demonstrating one of the nabothian cysts in
same patient as in Figure 31.

Figure 21.30. NDP. Endovaginal sagital view of the pelvis with no
evidence of a definitive IUP. Images through the pelvis revealed no
EUG as well.
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Figure 21.33. Fibroid. Transabdominal axial view of the UT. The con-
centric hypoechoic mass is the most frequent appearance by ultra-
sound.

Figure 21.35. Sagital endovaginal view of UT reveals acoustic shad-
owing posterior to a uterine fibroid.

Figure 21.37. Submucosal fibroid. Relatively rare fibroid whose sub-
mucosal growth toward the endometrial canal can cause complications
in pregnancy.

Figure 21.34. Fibroid. Transabdominal axial view of the UT. Fibroids
may vary in their degree of echogenicity. In this image, the fibroids
appear more hyperechoic.

Figure 21.36. Coronal endovaginal view of same patient as in Figure
35 reveals acoustic shadowing posterior to a uterine fibroid.

Figure 21.38. Submucosal fibroid. Relatively rare fibroid whose sub-
mucosal growth toward the endometrial canal can cause complications
in pregnancy.
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Figure 21.39. Transabdominal sagital view of the midline UT in an 11-
year-old girl with abdominal pain, hypotension, and severe anemia.

Figure 21.41. Transabdominal transverse view in same patient reveals
a large hemorrhagic OC.

Figure 21.43. OC. Endovaginal sagital view of the right ovary reveals
a typical circular, anechoic OC with thin walls and posterior enhance-
ment.

Figure 21.40. Transabdominal sagital view of the left adnexa in same
patient reveals a large hemorrhagic OC.

Figure 21.42. Transabdominal sagital view of a massive OC in a patient
with distended abdomen and abdominal pain.

Figure 21.44. Hemorrhagic OC. Endovaginal sagital view of the right
ovary reveals a large OC with internal septation and posterior enhance-
ment.
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A

B

Figure 21.45. A: Endovaginal longitudinal view of the UT reveals free
fluid (FF) in the pouch of Douglas (posterior cul-de-sac). Small amount
of FF in the pouch of Douglas is a normal variant. B: Schematic of
endovaginal longitudinal view of the uterus, revealing FF in the pouch
of Douglas (posterior cul-de-sac).

Figure 21.46. Endovaginal longitudinal view of the UT reveals FF in
the uterovesicular pouch (anterior cul-de-sac). Notice the empty Bl
anteriorly.

Figure 21.47. Endovaginal coronal view of the UT reveals FF in the
uterovesicular pouch (anterior cul-de-sac) and pouch of Douglas (pos-
terior cul-de-sac).

Figure 21.48. Endovaginal longitudinal view of the UT reveals FF in
the anterior cul-de-sac (ACS) and surrounding the UT.

Figure 21.49. Transabdominal longitudinal view of the UT reveals FF
in the ACS. Notice the empty Bl anteriorly.
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Figure 21.50. Molar pregnancy (“hydatidiform mole”). Transabdom-
inal longitudinal view of the UT of pregnant patient shows multiple
atypical cystic structures within the endometrial echo of the UT.

Figure 21.52. Incarcerated uterus. An uncommon pregnancy com-
plication typically occurring around the beginning of the second
trimester. Acute urinary retention is present post void in this patient
∼12 weeks’ gestation.

Figure 21.51. Molar pregnancy. Endovaginal coronal view of the UT
shows the typical “clusters of grapes” or “snowstorm” appearance.
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Ocular Ultrasound

Zareth Irwin

Ultrasound has long been an integral part of the ophthalmolo-
gist’s examination of the eye and orbit. In fact, the use of ocular
ultrasound was first published in 1956 (1) and has since come
to be used extensively with A-scan, B-scan, Doppler, and, more
recently, 3D approaches.

Many of these applications are proving to be useful for emer-
gency clinicians as well. Ocular ultrasound has proven utility in
the outpatient ophthalmology setting for complaints commonly
encountered in the ED such as retinal detachment, (2,3) ocu-
lar foreign bodies, (4–8) and optic neuritis (9). Recent studies
indicate an even broader use of ocular ultrasound, such as in the
early diagnosis of increased intracranial pressure (ICP) (10–17).
The implication, therefore, of an increased integration of ocular
ultrasound in the ED is an improvement not only of the triage
of patients presenting with an acute ocular complaint, but also
in the systems-based assessment and treatment of critically ill
patients.

The ophthalmic region is well suited for sonographic eval-
uation. The acoustically empty anterior chamber and vitreous
cavity allow for good visualization of the ocular structures, and
movement of the globe in conjunction with the ultrasound trans-
ducer facilitates visualization of nearly all parts of the eye. The
need for depth penetration is small, allowing for use of high sono-
graphic frequencies and superb resolution. In addition, ultra-
sound offers distinct advantages over traditionally employed
imaging techniques, such as CT or MRI, which require patient
transport out of the department. This is particularly important
in cases of multiply injured or unstable patients.

Because ED ocular ultrasound is currently practiced by only
a few rogue emergency physicians, its indications are poorly
defined, and there is a paucity of literature in this area. Despite
this, recent advances in training and understanding of its appli-
cations seem to indicate that a rapid increase in the use of ED
ocular ultrasound is on the horizon.

DIAGNOSTIC CAPABILITIES

Although ultrasound machines found in ophthalmology settings
typically use higher-frequency transducers and thus allow for
better resolution than those in most EDs, the ophthalmology

literature supports the utility of standard ED machines with
small parts probes for the diagnosis of many emergent condi-
tions (18). Ultrasound is of great utility for conditions that may
be hard to detect on physical exam, such as retinal detachment
and optic neuritis, and may be the only means of bedside detec-
tion of posterior ocular pathology when the anterior segment
is opacified, such as in the setting of hyphema or cataract. In
addition, ultrasound is superior to x-ray examination for the
recognition of nonmagnetic intraocular foreign bodies such as
wood (4).

In the setting of trauma, ultrasound provides a unique means
of visualizing the globe and integrity of extraocular muscles when
direct ophthalmoscopy may be prevented by palpebral edema
or opacification of anterior structures. Recognition of increased
ICP via evaluation of optic nerve sheath diameter is of further
benefit in this setting, and the body of literature supporting its use
for this indication is rapidly growing. This may be of particular
benefit for rapid diagnosis and triage of patients in situations
when patients are too unstable for CT scanning or where a CT
scanner is not readily available, as in mass casualty settings.

SONO GRAPHIC ANATOMY

Normal sonographic anatomy of the eye consists of a clear ante-
rior chamber, a hyperechoic lens, a clear posterior chamber, and
a smooth retina indistinct from the underlying choroid (Figs.
22.1and 22.2). The head of the optic nerve should be flush with
the retina with no protrusion into the posterior chamber. The
optic nerve sheath diameter, measured at a point 3 mm behind
the globe, should not exceed 5.0 to 5.7 mm in the healthy adult
(15,16).

SONO GRAPHIC TECHNIQUES

Both axial and longitudinal approaches are commonly employed
in ED ultrasound of the eye and orbit. For the axial approach,
the patient fixates in primary gaze, the probe is centered on the
cornea, and the sound passes through the lens toward the optic
nerve. This is typically performed with the patient in the supine
position, using a 7.5-MHz linear probe placed directly on the
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Figure 22.1. Diagram of a coronal section of a normal eye.

closed eyelids in a coronal plane, with or without additional
imaging in the sagital plane (Fig. 22.3). The cooperative patient
may assist the sonographer in obtaining complete visualization
of the ocular contents by moving the eye throughout its range of
motion during the exam.

With the longitudinal approach, the sound beam bypasses
the lens and is directed perpendicularly to the optic nerve. This
is accomplished with the patient fixating slightly nasally, with
the probe placed on the temporal horizontal meridian (i.e., lon-
gitudinal scan of the 3-o’clock meridian of the right orbit and
the 9-o’clock meridian of the left orbit; Figs. 22.4 and 22.5). This
method avoids diffraction by the lens and shadowing from the
optic disc, and thus may provide more accurate measurements
of the optic nerve sheath diameter. However, to date there is lit-
tle research correlating optic nerve sheath diameter between the
two approaches, (19) and there is currently no generally preferred
method.

Figure 22.2. Sonographic image of a coronal section of a normal eye.

Figure 22.3. Diagram of sonographic evalua-
tion of the eye and optic nerve through a closed
lid.

Figure 22.4. Diagram of sonographic evaluation of the eye and optic
nerve with use of the longitudinal approach.
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Figure 22.5. Longitudinal approach using an intracavitary transducer
and scanning from the limbus toward the posterior orbit. Note the
cross-section measurement of the optic nerve sheath.

A B

Figure 22.6A and B. Retinal detachment. Note the hyperechoic, detached retina separated by the anechoic vitreous from the underlying
choroid in two patients with a retinal detachment.

A B

Figure 22.7. A: Measurement of the optic nerve sheath diameter in a normal patient. B: Measurement of an enlarged optic nerve
sheath (6.5 mm) in a patient with increased ICP.

SPECIFIC APPLICATIONS

Perhaps the application of greatest initial utility for the novice
sonographer is in the evaluation of suspected retinal detach-
ment. Although retinal detachment may be difficult to appreci-
ate with funduscopy, it is easily recognized with ocular sonog-
raphy. Whereas in the normal eye the retina is contiguous with
the underlying choroid (Figs. 22.2 and 22.5), retinal detachment
results in the appearance of a distinct hyperechoic line anterior
to the choroid with an anechoic area of vitreous between the
choroid and detached retina (Fig. 22.6A and B).

Due to the emphasis on recognition of acute life-threatening
conditions in the ED, the application of ocular ultrasound most
widely studied in the emergency medicine literature is in the
evaluation of ICP by evaluation of optic nerve sheath diameter
(10–17). Although it is widely accepted that increased ICP results
in papilledema, this finding may be difficult to appreciate on
funduscopy. Sonographically, papilledema in the adult is defined
as an optic nerve sheath diameter greater than 5.0 to 5.7 mm at
a point 3 mm behind the globe when measured with the axial
approach (Fig. 22.7A and B).
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Figure 22.8. Sonographic image of lens dislocation. Note the lens
within the vitreous in the posterior segment of the eye.

As mentioned previously, ultrasound may be of particular
value in ocular trauma when direct visualization of the eye and its
contents are hindered by the unwilling patient; palpebral edema;
or opacification of the anterior chamber, lens, or vitreous cavity.
In this setting, the possibility of globe rupture necessitates the use
of copious amounts of sterile gel and a delicate exam to minimize
the risk of further injury and extrusion of ocular contents.

Ultrasound easily allows identification of lens dislocation,
vitreous hemorrhage, and globe rupture, among other traumatic
conditions (2). With lens dislocation, the lens is no longer cen-
tered in the anterior segment and may be found free floating
within the vitreous or adjacent to the retina (Fig. 22.8). Vitreous
hemorrhage appears as a hyperechoic area within the anechoic

A B

Figure 22.9. A: Vitreous hemorrhage. Note the hyperechoic layer of blood adjacent to the retina in the posterior segment of the eye in a patient found
in the supine position after ocular trauma. B: Sonographic image of globe rupture and vitreous hemorrhage. Note the free-floating hyperechoic
blood within the posterior segment, loss of ocular volume, and the irregular contour of the posterior sclera in a patient after sustaining a gunshot
wound through the posterior aspect of the globe.

Figure 22.10. Optic neuritis. Note the protrusion of the optic nerve
head into the posterior segment in the absence of increased optic nerve
sheath diameter.

vitreous. The blood may layer out in the dependent portion of
the globe (Fig. 22.9A) or may be free floating within the vit-
reous (Fig. 22.9B). Posterior globe rupture often presents with
hemorrhagic chemosis and vitreous hemorrhage, (20) but the
rupture itself may be occult and the pressure may be normal (2).
Ultrasound readily identifies the vitreous hemorrhage and may
show a loss of ocular volume in addition to irregular contour,
thickening, or a hypoechoic area of the sclera (21) (Fig. 22.9B).

ED ultrasound may also prove to be useful in the evaluation
of optic neuritis. Although this condition is rarely definitively
diagnosed in the ED without the use of MRI, it may be readily
visible with bedside ultrasound as seen by protrusion of the optic
nerve head into the posterior segment (Fig. 22.10). This may be
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of benefit as a decision tool to aid the clinician in decision mak-
ing regarding choice of additional diagnostic imaging modalities
(CT vs. MRI) in patients with abnormal ocular and neurologic
examinations.

SUMMARY

Ocular ultrasound is a relatively new ED imaging modality that is
rapidly gaining acceptance among emergency clinicians. As with
other ultrasound applications, it is well suited to this environ-
ment due to its portability, ease of use, lack of ionizing radiation,
and diagnostic capabilities. Although ED ocular ultrasound is
not a substitute for evaluation by an ophthalmologist or CT
scanning of the head, as new applications for ocular ultrasound
are discovered and perfected, it is likely that this tool will become
increasingly used in the ED for improved diagnosis of acute ocu-
lar complaints and evaluation of patients with head injury.
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Testicular Ultrasound

Paul R. Sierzenski and Gillian Baty

INDICATIONS

Testicular ultrasound has emerged as the imaging modality of
choice for any patient with testicular or scrotal complaints (1).
Triplex ultrasound – the combination of three ultrasound modes,
including gray scale ultrasound, color Doppler imaging (CDI),
and spectral Doppler imaging (SDI) – has proven highly sensi-
tive, specific, and repeatable in the detection of acute and chronic
testicular diseases (2).

The primary indication for testicular ultrasound is acute
scrotal or testicular pain. The most common etiologies of acute
scrotal pain are epididymitis, orchitis, testicular torsion, and
scrotal trauma (1). Additional indications for testicular ultra-
sound include, but are not limited to, hematuria, dysuria, a pal-
pable testicular/scrotal mass, and infertility.

As with the diagnostic approach for any organ system or com-
plaint, pertinent historical features aid the health care provider in
creating a differential diagnosis based on patient age, risk factors,
symptom onset, duration, and quality. Most disease states for the
testicle present acutely, including epididymitis, orchitis, testicu-
lar torsion, and testicular trauma. The most time-critical diag-
noses include testicular torsion and testicular rupture because
testicular salvage and fertility are inversely related to time to sur-
gical repair from disease onset. In general, testicular function is
recovered when surgery is performed within 6 hours from symp-
tom onset (1). The incidence of testicular torsion is greatest in
those 6 to 15 years of age and decreases significantly after 25 years
of age.

Complications of testicular torsion include testicular infarc-
tion and testicular atrophy, both of which can be diagnosed by
ultrasound.

DIAGNOSTIC CAPABILITIES

Testicular ultrasound is both the initial imaging modality of
choice, as well as the preferred diagnostic method for follow-
up of patients with acute, recurrent, or chronic testicular/scrotal
symptoms. Scrotal ultrasound is performed with a linear, high-
frequency transducer with ultrasound frequencies ranging from
5 to 12 MHz. Occasionally, an abdominal transducer is used
when significant edema and swelling are present.

Triplex ultrasound is 100% sensitive and up to 97% specific
for acute inflammatory disease states (2). However, because the
sensitivity for ultrasound detection of testicular torsion is 90%,
surgical exploration remains the gold standard (3). Ultrasound
is noninvasive, rapid, and inexpensive in comparison to other
scrotal imaging modalities, and does not require administration
of contrast agents or exposure to ionizing radiation. Current-day
testicular ultrasound has evolved to include gray scale imaging,
CDI, and SDI, including waveform analysis. Waveform analysis
is performed both to verify the presence of venous and arterial
flow and to compare the resistive index of the arterial waveform
from the affected and unaffected testicle.

Sonographic findings for testicular complaints can be
divided into one of several categories: increased vascular flow,
decreased vascular flow, and intratesticular or extratesticular
abnormalities (fluid, collections, and masses). Epididymitis with
or without orchitis represents a spectrum of testicular inflamma-
tion, which is the most common diagnosis in patients presenting
with testicular pain, swelling, or mass (4). Radionucleotide imag-
ing of the scrotum and testicles is still used today, but to a lesser
extent than sonography, due to both the need for intravenous
access and the avoidance of radiation exposure.

IMAGING PITFALLS/LIMITATIONS

Pitfalls in testicular ultrasound may be divided into several cate-
gories. It is essential that the physician or sonographer be familiar
with these in order to avoid misdiagnosis or a delay in care.

The most critical scanning pitfall relates to a misunderstand-
ing of the skill and knowledge required for using CDI, power
Doppler imaging (PDI), or SDI. An understanding of Doppler
physics and practical optimization of instrumentation are essen-
tial. Optimization of Doppler pulse repetition frequencies, filters,
and scale must be emphasized and practiced.

Testicular ischemic states can present confusing sonographic
findings. Torsion, as well as a compressive hydrocele, hemato-
cele, or pyocele, can result in testicular ischemia. The presence
of peripheral testicular blood flow (hyperemia) with a relative
deficiency or absence of central testicular blood flow is an essen-
tial pitfall to recognize. The diagnosis of testicular torsion does
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not mandate an “absence of any blood flow” on ultrasound,
but rather an “insufficiency” in blood flow (5). To avoid this
potential pitfall, the sonographer should initially scan the asymp-
tomatic testicle. If peripheral blood vessels appear with increased
flow, but central color and spectral signals are difficult to iden-
tify, this may represent torsion, intermittent torsion, or focal
infarct.

CLINICAL IMAGES

The scrotum has a dual-layer compartment that is further
divided by the median raphe. Each scrotal side normally con-
tains a testicle, epididymis, vas deferens, and spermatic cord.

Figure 23.1. Patient draping. Ultrasound of the
scrotum is best performed by immobilizing the scro-
tum using a towel “sling” between the patient’s legs.
Often the testicle must also be stabilized using a non-
dominant hand. Scanning should begin on the unaf-
fected side, in gray scale, including CDI and pulsed
Doppler imaging.

A

C

B

Figure 23.2. The normal testicle. A: The echotexture of the
testicle is normally homogenous and similar to that of the
thyroid. The epididymis is noted in this image at its loca-
tion in the superior pole of the testicle; however, it runs
the length of the testicle to include a head, body, and tail.
Measurement of the testicle is performed in three planes:
length, height, and width. B: A normal epididymal head
measures less than 1.0 cm and can be difficult to delineate
in some patients. Look for the “edge artifact,” as noted in
this image, to aid in differentiating the epididymis from the
superior pole of the testicle. C: The echogenic curved line
seen in this image is the mediastinum testis, a dense band
of connective tissue .

The ovoid testes measure approximately 3 × 3 × 5 cm and sit
vertically in the scrotum. Septations divide the testicle into lob-
ules. The mediastinum testis is the dense band of connective
tissue that provides internal support for vessels and ducts of the
testicle. The tunica albuginea forms the outer capsule of the tes-
ticle, while the inner wall of the scrotum is lined by the tunica
vaginalis (6).

The testicular ultrasound should include sagital, transverse,
and inferior pole views, both in gray scale and using CDI and
SDI. Central arterial and venous waveforms should be identified
(7). The Doppler settings should be initially set and baseline
measurements obtained using the asymptomatic side.
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Figure 23.3. Doppler imaging. A: CDI and PDI are cornerstones to testicular ultrasound. In a normal state,
both intratesticular arterial and venous blood flow should be identified. Intratesticular arterial flow is normally
“low resistance” with preserved flow in diastole. This is in contrast to the high-resistance flow in extratesticular
vessels such as those in the spermatic cord. CDI gain and frequency should be compared between the unaffected
and affected sides. B: Venous flow in the testicle displays little or no phasicity, as displayed in this image. It
is essential to identify both central venous and arterial waveforms in the exclusion of testicular torsion and
ischemia.
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Figure 23.4. Extratesticular fluid. A: A hydrocele is a collection of fluid surrounding the testicle. Hydroceles
can be congenital or acquired, the result of epididymitis, orchitis, testicular torsion, or tumor. Sonographically,
it is anechoic. If small, it may be dependent and may not fully surround the testicle. B and C: If the fluid
surrounding the testicle is infected, this is termed a “pyocele,” which may demonstrate banding or septations.
D: Blood that surrounds the testicle defines a hematocele. This can follow trauma or surgery, or be spontaneous.
A hematocele in the setting of trauma increases the potential for testicular rupture, a surgical emergency. Often
the hematocele is larger than the testicle, as noted in this image (8).
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A B

Figure 23.5. Inflammatory states. A: Epididymitis is often the result of an infection extending from the lower urinary
tract. This is most commonly bacterial, but can be of viral etiology (9). Sonographically, the epididymis is enlarged
(most commonly the head or globus major), with increased color or power Doppler flow. The inflamed epididymis
usually measures greater than 1.0 cm and is often associated with a reactive hydrocele, as noted in this image. B:
Orchitis often follows an infection of the epididymis. Mumps remains the most common viral cause of orchitis.
Increased testicular size and increased Doppler flow are the hallmarks of orchitis. As with epididymitis, a reactive
hydrocele or pyocele is often identified. A decrease in the resistive index less than 0.5 is associated with inflammatory
testicular states (7).

B

D
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A

Figure 23.6. Testicular torsion. A: Testicular torsion represents the most time-sensitive, organ-threatening condition
to identify with testicular ultrasound. Due to the low threshold for Doppler flow using nondirectional PDI, this
ultrasound mode is very useful for torsion. The hallmark of torsion on ultrasound is represented by a decrease in
blood flow of the affected testicle compared to the unaffected testicle. The degree of decreased flow depends on the
degree of torsion of the spermatic cord and, thus, the testicular blood flow. Associated findings include testicular
swelling, peripheral hyperemia, and decreased echogenicity. B: The spermatic cord may appear twisted, as shown
in this ultrasound. C: A clinical hallmark of testicular torsion includes an abnormal lie of the testicle; this may be
difficult to assess due to pain and swelling. This dual-screen sagital image demonstrates an abnormal lie of the right
testicle, which is torsed. D: This patient presented 2 days after the onset of symptoms. Note the testicular atrophy and
heterogeneous echogenicity of the testicle. Delays in torsion treatment result in testicular infarction (10).
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Figure 23.7. Benign testicular masses. Testicular masses are the second most frequent presenting complaint for patients. Both benign and malignant
causes of testicular masses exist. Benign lesions such as cysts and abscesses are frequently encountered. A: A varicocele results from distention of
the pampiniform plexus, which is more common for the left testicle based on anatomical variances from the left and right venous drainage (11).
Sonographically, these dilated veins are frequently seen in the superior pole. CDI reflux is noted by having the patient perform a Valsalva maneuver.
B: Scrotal abscesses have increased in incidence as the incidence of bacteria such as methicillin-resistant Staphylococcus aureus has also risen. Most
“scrotal” abscesses exist outside the tunica vaginalis. C: Testicular abscesses are often the complication of epididymoorchitis. On ultrasound, they
are generally fluid filled, may have septations, and can be difficult to differentiate from a testicular tumor. As in this image, they usually display
posterior acoustic enhancement and have an associated reactive hydrocele. D: Testicular and scrotal hematomas are generally the result of scrotal
trauma. Note the posttraumatic epididymitis with hematoma in this patient. High suspicion for testicular rupture must exist in the setting of
trauma with the presence of a testicular hematoma/hematocele (12–15).
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Figure 23.8. Malignant testicular masses. A: This patient presented with a testicular mass noted on self-
examination. The vast majority of malignant testicular tumors are echogenic, but hypoechoic compared
to normal testicle echotexture. More than 90% of patients with testicular neoplasms present with a
painless mass on one testicle.(11) B: Note the increased echogenicity and irregularity of this testicular
mass. C: CDI aids in demarcation of the area of concern. Echogenicity is not a sensitive or specific
characteristic to differentiate malignant from benign solid masses. Bleeding, autoinfarction (“burned-
out tumors”), and infection can alter the appearance of a tumor; thus, malignancy remains a diagnosis
of exclusion for the majority of solid testicular masses. D: Small masses, such as this mass at the right
posterior inferior pole, may represent a benign epidermoid cyst or as in this case, a seminoma, the most
common testicular tumor in adults.

Figure 23.9. Calcifications. A: Multiple intratesticular calci-
fications numbering more than five in this image are seen
in this patient with “microlithiasis” calcifications within the
seminiferous tubules. Several studies have followed patients
with microlithiasis, resulting in the development of primary
germ cell tumors in up to 40% of patients with this condi-
tion. Microlithiasis is graded based on the presence of more
than five calcifications per ultrasound image and requires
repeat ultrasounds every 6 months (4).
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Abdominal Ultrasound

Matt Solley

INDICATION

Abdominal ultrasound has become an extremely useful imag-
ing modality in emergency medicine. In combination with CT,
abdominal ultrasound can diagnose many of the disease pro-
cesses that must be identified by the emergency physician. Ultra-
sound has several advantages that make it ideal for use in the
ED – most notably, that it is portable and hence can be done at
the bedside in an unstable patient. In addition, other advantages
that it has over CT are that it does not require an oral prepara-
tion, so it can be done immediately, does not expose the patient
to ionizing radiation, and does not involve the risks inherent to
intravenous contrast, such as in patients with iodine allergies
and renal failure.

Many of the common indications for abdominal ultrasound,
such as right upper quadrant pain, flank pain, trauma, and eval-
uation of the aorta, are covered elsewhere. However, there are
several other unique disease entities that can be diagnosed with
abdominal ultrasound and with which the emergency physician
should be familiar.

DIAGNOSTIC CAPABILITIES

Gastrointestinal Tract

Acute Appendicitis
Acute appendicitis can be diagnosed with ultrasound and

is the preferred initial imaging modality by some clinicians for
certain populations, such as in pregnant patients, to avoid ion-
izing radiation (1,2). Although some clinicians prefer the use
of ultrasound over CT for the diagnosis of appendicitis in chil-
dren, controversy exists over the optimal imaging modality (3).
A recent metaanalysis described a sensitivity of 86% and a speci-
ficity of 81% for ultrasound to detect acute appendicitis (4). The
diagnosis of appendicitis by ultrasound is made by recognition
of a tubular structure greater than 6 mm in the right lower quad-
rant that is noncompressible and lacks peristalsis (5–7). Other
possible findings are a “ring of fire,” whereby there is increased
flow at the periphery of the structure when viewed in cross-

section using power Doppler; adjacent free fluid, presence of an
appendicolith; and signs of a localized paralytic ileus (8).

Several limitations to ultrasound for the detection of acute
appendicitis must be taken into consideration. As noted pre-
viously, the sensitivity of only 86% for the detection of acute
appendicitis is concerning given the morbidity and mortality
associated with missed appendicitis. One of the main reasons for
a false-negative study is nonvisualization of the appendix. Some
of the reasons for failure to visualize the appendix are superim-
posed air or feces, obesity, inadequate analgesia, a less experi-
enced sonographer, and atypical presentation of the appendix
(8). For these reasons, a high clinical suspicion for appendicitis
warrants further investigation, such as CT scan and/or surgical
consultation.

Pyloric Stenosis
Ultrasound is very useful for the diagnosis of pyloric stenosis.

Classically, pyloric stenosis is suspected in a previously healthy
infant that presents with nonbilious projectile vomiting between
2 and 8 weeks of age. Ultrasound has a sensitivity of 97% to
100%, a specificity of 100% for detection of pyloric stenosis,
and is noted by some to be much better than clinical exam alone
(9–11). The diagnosis of hypertrophic pyloric stenosis is made by
identification of an abnormally contoured pylorus with a length
of greater than 14 mm and a wall thickness of greater than 3
to 4 mm, usually along with proximal gastric distention (12).
A pylorus with a length of less than 14 mm, wall thickness of
less than 2 mm, and total diameter of less than 10 mm is highly
unlikely to be hypertrophic pyloric stenosis (13).

Intussusception
Although air or barium contrast enema has been believed to

be the diagnostic imaging modality of choice for the diagnosis
of intussusception, ultrasound is a useful screening test and has
less inherent risks, such as bowel wall perforation. In addition,
ultrasound requires fewer resources because it only requires the
presence of an ultrasound technician and radiologist, as opposed
to a pediatric radiologist and pediatric surgeon, both of whom
are required for air contrast enema. Sensitivities are reported to
be between 98% and 100%, with specificities of 88% (14,15).
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Because of the complications associated with air enema reduc-
tion and the excellent success of ultrasound, some have advocated
for utilization of ultrasound for the diagnosis and exclusion of
intussusception, reserving air enema reduction for therapeutic
purposes only (16). In addition, this disease can be detected inci-
dentally, while using ultrasound to detect appendicitis in chil-
dren. Intussusception is most often found in children from age
3 months to 2 years and is usually ileocolic in location. Findings
noted in the ultrasound diagnosis of intussusception are con-
centric rings or target sign if viewed in the transverse view of the
intussuscepted bowel, and the pseudokidney sign, hayfork sign,
and sandwich sign if viewed in the longitudinal view (15,17).

Abdominal Wall Hernia
Ultrasound can be a useful imaging modality for evaluation

of abdominal wall hernias, such as ventral wall hernias, inci-
sional hernias, spigelian hernias, femoral hernias, and inguinal
hernias (18). A nonreducible mass that can be felt on exam
and is suspicious for an incarcerated hernia can be imaged fairly
readily. Lack of peristalsis is concerning for incarceration. In
addition to identification of abdominal wall hernias, there has
been some discussion of using ultrasound to aid in the reduction
of incarcerated hernias that were unable to be reduced in a blind
fashion, with the caveat that suspicion for necrosis of bowel wall
must be taken into consideration prior to attempted reduction
(19). Signs of incarceration that have been noted on abdominal
ultrasound are free fluid within the hernial sac, thickening of the
bowel wall within the hernia, fluid within the lumen, and dilated
bowel loops in the abdomen (20). The lack of peristalsis in her-
niated bowel has been noted by some to aid in the diagnosis of
an incarcerated hernia. However, lack of peristalsis can be seen
in nonincarcerated hernias as well, so this finding should be used
with caution (20).

Figure 24.1. Normal-appearing appendix using a high-frequency lin-
ear transducer to image superficial structures with greater resolution
when looking for appendicitis. Note that this is a blind-ended tubu-
lar structure in the right lower quadrant. In real time, there would be
compressibility of this structure, and it would demonstrate peristalsis.
An artificial line has been drawn through the lumen of this normal
appendix.

Other diseases of the GI tract that can be detected by ultra-
sound, but may be more appropriately detected by CT scan, are
diverticulitis, bowel obstruction, and Crohn disease.

Pancreas

Ultrasound imaging of the pancreas is not routinely sought in
the ED, but rather more often done on an inpatient or out-
patient basis for ultrasound-guided procedures. However, inci-
dental findings may be found on routine complete abdominal
sonography for indications such as biliary colic; hence, the emer-
gency physician should have at least a limited understanding of
the ultrasound findings. Findings that may be noted are pancre-
atitis, pancreatic pseudocysts, and pancreatic masses.

Spleen

Other than in trauma, emergency sonography of the spleen is
not generally ordered from the ED. However, as with the pan-
creas, incidental findings may be noted on routine imaging of the
abdomen for other indications. Splenic masses, cysts, infarcts,
abscesses, splenomegaly, accessory spleens, and splenic artery
aneurysms may be noted. The spleen is usually less than 12 cm
in length (21).

IMAGING PITFALLS/LIMITATIONS

Ultrasound can be a challenging modality in obese patients and
thus has some limitation in the evaluation of various intraab-
dominal diseases, such as appendicitis (22). In addition, bowel
gas can obstruct certain image windows; however, there are tech-
niques employed by ultrasound technicians or physician sonog-
raphers to address this issue.

CLINICAL IMAGES

Appendicitis
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Figure 24.2. Young woman with right lower quadrant pain. The image on the left shows a 1.1-cm
structure that is nonperistalsing. Note that the tubular structure is adjacent to a wedge of free
fluid (FF). The image on the right is the same window; however, compression (COMP) is used.
The structure changes from 11.0 mm to only 8.4 mm to demonstrate the noncompressibility of
this inflamed appendix. Also noted are the iliac artery (A) and iliac vein (V).

Figure 24.3. Appendicitis in the long-axis view demonstrat-
ing a 1.1-cm inflamed appendix. Note that it is a blind-ended
tubular structure and, in real time, lacks compressibility and
peristalsis.

Figure 24.5. The “ring of fire”
sign that may be seen in acute
appendicitis. Power Doppler is
used to demonstrate the hyper-
vascularity of the inflamed
appendix. The hash marks on
the right are 1-cm increments.

Figure 24.4. Acute appendicitis in cross-section. The outer edges of
the appendix are demonstrated by arrows. The hash marks to the right
are 1-cm increments.



340 Solley

Pyloric Stenosis

Figure 24.6. Normal pylorus. Note that the length, denoted by the (+)
calipers, is less than 14 mm, while the wall thickness, denoted by the
(×) calipers, is less than 2 mm. Total pylorus thickness is less than
10 mm. “L” is the adjacent liver.

Figure 24.8. Hypertrophic pyloric stenosis that demonstrated a pyloric
wall thickness greater than 4 mm. The (+) calipers denote the thick-
ness of one wall of the pylorus. The line with arrowheads denotes the
entire thickness of the pylorus, whereas the “S” indicates the fluid-filled,
distended stomach.

Figure 24.7. Hypertrophic pyloric stenosis. The length, denoted by the
(×) calipers, is greater than 14 mm. The diameter, denoted by the (+)
calipers, is wider than 10 mm. The stomach, which is on the right-hand
side of the image, is noted by the “S” and demonstrates a fluid-filled
distended stomach.
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Intussusception

Figure 24.9. Transverse view of intussuscepting bowel. Note that there
are concentric layers of bowel noted with fluid (F) and fecal matter (the
hyperechoic material to the left of the fluid) within the inner lumen.
The inner layer of bowel (arrow) has intussuscepted into its adjacent
bowel.

Figure 24.11. In long axis, the intussuscepting bowel (arrow) takes on
a reniform, or kidney shape.

Figure 24.10. Target sign that is seen with intussusception. The layers
of bowel are seen along with a hyperechoic segment around the inner
layer of bowel that is due to invagination of mesentery.

Figure 24.12. Transverse image of intussusception (arrow). Image
provided by Kenneth Kwon, MD.
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Small Bowel Obstruction

Abdominal Wall Hernia

Figure 24.13. Small bowel obstruction demonstrating multiple dis-
tended, fluid-filled loops of small bowel with adjacent free fluid.

Figure 24.14. Small bowel obstruction again demonstrating fluid-
filled loops of bowel. The loop of bowel in long section demonstrates
the plica circularis seen in the small intestine. There is also a small
wedge of free fluid adjacent to the bowel.

Figure 24.15. Ventral wall hernia with incarcerated bowel. Note the
ventral wall defect with protrusion of fluid-filled bowel through the
defect and adjacent free fluid within the herniated sac. In real-time
ultrasound, there was a lack of peristalsis noted.
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Pancreas

Figure 24.16. Transverse view of a normal pancreas (p). The echotex-
ture of the pancreas is homogenous and slightly hyperechoic relative to
the adjacent liver (L); however, it can also have very similar echogenic-
ity to that of the liver. Also noted are the inferior vena cava (I), superior
mesenteric artery (s), splenic vein (SpV), and aorta (A).

Figure 24.17. Ultrasound image of the pancreas on the right, with its corresponding schematic on the left. Note that the pancreas can be difficult
to image, illustrating why knowledge of the surrounding anatomy is vital to the identification of this organ. Also noted are the superior mesenteric
artery (SMA) and IVC.

Figure 24.18. Acute pancreatitis. Note the enlarged and heterogenous
pancreas (P) that is not as homogenous as the normal pancreas seen
in Figure 24.16. Note also the splenic vein (sp), aorta (A), and spine
shadow (S).

Figure 24.19. Chronic pancreatitis, indicated by hyperechoic struc-
tures (arrows) in the body of the pancreas (p). Note also the liver (L),
superior mesenteric artery (s), and splenic vein (sp).
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Figure 24.20. Pancreatic pseudocyst adjacent to the splenic hilum.
Note that the spleen (S) is shown in the upper left corner of the image
and that the pseudocyst is separate from the spleen.

Figure 24.21. A 2.28-cm pancreatic pseudocyst in the head of the pan-
creas. Note that there may be dilatation of the pancreatic duct distally
as well. The pancreatic tissue is not well visualized; however, identi-
fication of the pathology is aided by knowledge of the surrounding
anatomy, including the pancreatic duct (pd), aorta (a), and superior
mesenteric artery (sma).

Figure 24.22. Pancreatic duct dilatation (PD). The normal pancreatic
duct is generally 2 to 2.5 mm in diameter (21). Note the adjacent
pancreas (p), portal confluence (PC), splenic vein (sp), inferior vena
cava (I), and aorta (a).
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Spleen

Figure 24.23. Normal spleen (S). Note that the echotexture of the
spleen is similar to the liver (see Fig. 24.16.).

Figure 24.25. Calcified, 1-cm splenic artery aneurysm.

Figure 24.27. Accessory spleen (arrow). This is a common finding
seen as a normal variant and also known as a splenunculus. They are
small rounded masses with similar echo texture to the spleen and are
usually less than 5 cm (21).

Figure 24.24. Splenomegaly, as indicated by a spleen (S) with a length
of 16.4 cm. The spleen is generally less than 12 cm (21). “D” is the
adjacent diaphragm.

Figure 24.26. Spleen hemangioma. Note the well-defined, circular
lesion within the splenic parenchyma (arrow) that is hyperechoic rel-
ative to the surrounding tissue.
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Emergency Musculoskeletal Ultrasound

JoAnne McDonough and Tala Elia

The use of bedside ultrasound to address musculoskeletal injuries
has a growing and useful role in the ED, with a range of applica-
tions. Diagnostic uses include the rapid imaging of a long bone
fracture in an unstable trauma patient, the finding of a tendon
rupture or joint effusion, or the confirmation of a rib fracture
in a patient with a negative chest x-ray. Ultrasound is also use-
ful to facilitate procedures such as joint aspirations or fracture
reductions in children. This chapter discusses the techniques,
pathology, and potential pitfalls involved in the use of muscu-
loskeletal ultrasound in the ED.

TECHNICAL CONSIDERATIONS

With a few exceptions, the structures under examination in mus-
culoskeletal ultrasound are relatively superficial and sometimes
subtle. This requires the use of a high-frequency (7–11 MHz) lin-
ear probe for almost all musculoskeletal applications. For some
deeper structures, where resolution is not as crucial (e.g., femur
fractures or the imaging of hip joints), a general abdominal probe
with a frequency range of 2 to 5 MHz may be used.

Often the structure in question is within centimeters of the
skin surface. Because image resolution is poor in the first 1 to 2
cm, a standoff pad or water bath should be used to distance the
probe surface from the structure being evaluated and thereby
place that structure in an area of better resolution. There are
commercially made standoff pads available that can be placed
on the skin and elevate the probe from the skin surface while
providing an acoustic window in place of gel. Other more readily
available options also exist. Another technique described is the
use of a 250-cc saline bag between two layers of ultrasound gel as
a makeshift standoff pad. The use of cold gel is also useful in that
it has a firmer consistency that may allow for some distancing
of the probe and for less pressure to be applied on a potentially
painful area. Alternatively, a water bath may be used. In this
technique, the area or interest is placed in a basin of water, with
the probe suspended in the water 1 to 2 cm above the skin surface.
The sonographer should be certain the cord of the probe is intact
and not submerged with this method. This technique is especially
useful for contoured areas, such as the hands and feet, where it
is difficult to maintain good contact consistently between the
probe surface and the skin.

Figure 25.1. Ultrasound image of finger in water bath.

Figure 25.2. Ultrasound standoff pad.
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SONO GRAPHIC ANATOMY

Before discussing the uses of ultrasound for musculoskeletal dis-
orders in the ED, it is helpful to review the sonography features
of the relevant structures and specific imaging techniques.

Tendons

Normal tendons consist of multiple tight fiber bundles that when
viewed in the long axis are hyperechoic with a linear fibular
appearance. When scanned in a short axis, they appear as a
clearly delineated cluster of hyperechoic dots. The evaluation

Figure 25.3. Ultrasound image of normal tendon in longitudinal axis.

of tendons involves a challenge particular to these structures.
Tendon fibers need to be imaged with both the probe and trans-
ducer beam held at a 90-degree angle to the tendon fibers. When
viewed perpendicular to the ultrasound beam, the fibers appear
hyperechoic. However, if the ultrasound beam is oblique or less
than 90 degrees to the tendon, the fibers appear hypoechoic.
This phenomenon is called “anisotropy,” and the sonographer
must be aware of it because it can easily be misinterpreted as a
tendon abnormality. Useful imaging of tendons requires that the
ultrasound beam be held strictly perpendicular to the axis of the
tendon (1).

Muscle
Like tendons, muscle also consists of multiple fibers. However,
muscle fibers are less compact than those of tendons, and the
overall appearance is relatively hypoechoic. Within the muscle

body, hyperechoic septations are normal and can often be iden-
tified.

Figure 25.5. Ultrasound image of normal muscle in transverse axis. Figure 25.6. Ultrasound image of muscle in longitudinal axis.

Figure 25.4. Ultrasound image of anisotropy.
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Bone

The bony cortex is highly reflective and well visualized by ultra-
sound. Normal bone cortex appears as a smooth linear or curvi-
linear echogenic structure. Beyond the bony cortex, there is little
penetration of the ultrasound beam, and the area appears hypo-
echoic. This is the result of a high-attenuation artifact, or pos-
terior acoustic shadow, blocking the imaging of any structures
deep to the bony cortex.

Figure 25.7. Ultrasound image of normal bone.

Joints

The important structures to identify when imaging the joint are
the bone surfaces, tendons, and ligaments, as well as any fluid
collections. A working knowledge of the basic anatomy of the
joint in question is essential to allow the identification of tendons
and bursa. The curvilinear surfaces of articulating bones make
distancing techniques such as standoff pads particularly useful
for properly visualizing joint spaces.

Ligament and Nerves

Ligaments are similar in appearance and echogenicity to tendons,
but the fibers within the ligaments tend to be more compact than

those of tendons. Nerves are less echogenic and more fascicular
than tendons.

Figure 25.9. Ultrasound image of axillary nerve.

Figure 25.8. Ultrasound image of joint space.
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INDICATIONS

Fractures

Although fractures are typically diagnosed in the ED by radiog-
raphy, there is a role for ultrasound in diagnosing fractures.
In rural or field settings, ultrasound is more portable and less
expensive than radiography (2–4). Early bedside identification
of fractures by ultrasound can guide decisions regarding early
treatment and evacuation. There is also a role for sonography in
patients where there is a desire to limit ionizing radiation, such as
in children and pregnant women. This is of particular utility in
circumstances where multiple radiographs may be needed, such
as during the reduction of fractures. The accuracy of ultrasound
for fracture diagnosis is variable, depending on the skill of the
sonographer, the body habitus of the patient, and the area under
examination.

There may be a move toward ultrasound as opposed to
radiography in simple fractures such as uncomplicated forearm
fractures and clavicle fractures in children. In addition to limiting
radiation, ultrasound can be effective in decreasing the length of
stays and reducing cost in these cases (5–7). Ultrasound is also
useful in diagnosing some fractures (e.g., rib, sternum) that are
not readily discernible by plain radiography while also evaluating
adjacent structures for injury.

To evaluate for a fracture, the bone should be identified. and
then the probe should be aligned along its long axis. The probe
should then be moved in the long axis along the bone. Obvi-
ous discontinuities and irregularities or fluid collections should

Figure 25.10. Probe on deltoid insonating proximal humerus.

Figure 25.11. Ultrasound image of proximal humerus.

be noted because they, too, can be subtle signs of a fracture.
Once the fracture or area of suspicion is visualized, a transverse
examination should also be done to confirm the fracture. The
transverse view is important because a fracture line may not be
visualized if it is parallel to the probe. In most cases, the con-
tralateral extremity can be scanned for comparison and to verify
an abnormality. Fractures are seen as an irregularity or step-off
of the usually continuous echogenic cortical line and are most
often associated with an anechoic hematoma.

Sonography is capable of detecting even very small fractures
(8). In studies using cadaver bones, fractures as small as 1 mm
are visualized by ultrasound (9). Very small fractures may only
be represented by a disturbance in the dorsal acoustic shadow,
whereas larger fractures, 2.7 mm or greater, are clearly visualized
as a cortical step-off (9). One must be careful to have appropriate
gain settings in the imaging of fractures because a small fracture
can be obscured in an overgained image.

Long Bone Fractures

Sonography is very accurate in detecting fractures of the
humerus, midshaft femur, radius/ulna, and tibia/fibula. One
study showed ultrasound to be 100% sensitive in detecting
humeral and midshaft femoral fractures (3). Another study had
a sensitivity for detecting fractures of 92% in the upper extrem-
ity (humerus, radius, and ulna) and 83% in the lower extremity
(femur, tibia, fibula) (10). Sonography is least accurate for frac-
tures of the femur proximal to the intratrochanteric line (3,10).
But the specificity of all long bone examinations was 100% in
one prospective study (3).

Humerus

To evaluate the humerus, the transducer should be placed over
the distal humerus anteriorly. The bone is sometimes more eas-
ily identified in the transverse plane, and then the probe can be
rotated 90 degrees. The probe should be gradually moved longi-
tudinally along the humerus to the greater tuberosity. To view the
humeral head, place the probe just distal to the acromial process
of the scapula.
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Figure 25.12. Probe on distal femur.

Femur

Imaging of the femur should begin at the distal femur by placing
the probe superior to the patella over the thigh laterally. The
femur should first be visualized in a transverse plane to ensure
proper identification, and then the probe should be rotated 90
degrees and the length of the femur scanned by moving the probe
proximally. The probe should be angled at the femoral neck,
with the indicator toward the pubic symphysis, to visualize the
femoral neck, head, and pelvic acetabulum. This usually requires
scanning up to the middle of the inguinal ligament, although this
proximal portion of the femur exam may be limited due to body
habitus.

Figure 25.13. Ultrasound image of distal femur.

Figure 25.14. Probe position for femoral head.

Figure 25.15. Ultrasound image of normal femoral head and
acetabulum.

Figure 25.16. Longitudinal view of long bone fracture.



352 McDonough and Elia

Figure 25.17. Ultrasound image of rib fracture.

Other Long Bones

The radius, ulna, tibia, and fibula are imaged in a similar fash-
ion (11,12). Beginning distally, the bone is first identified in
cross-section. The probe is then moved proximally over the lon-
gitudinal plane of the bone to look for cortical irregularities. It is
important to note that each bone should be scanned separately in
order to more accurately evaluate for injury. Again, a transverse
view at the site of injury will help confirm a fracture.

Rib/Sternum

Rib fractures are often difficult to detect on radiographs. In the
case of a suspected rib fracture, ultrasound can be used to confirm
the diagnosis. Unlike plain films, where overlying lung, cardiac,
and bowel shadows can obscure the rib shadows and hide a frac-
ture, the ultrasound probe can be placed directly over the area
of tenderness. One caveat is that the patient will need sufficient
analgesia in order to tolerate the pressure of the probe on an
acute fracture. Another technique is to use cooled ultrasound
gel because the gel will have a firmer consistency and require
less pressure to be applied. The identification of rib fractures by

Figure 25.18. Normal sternum.

Figure 25.19. Sternal fracture.

Figure 25.20. Clavicle fracture.

ultrasound can help accurately diagnose patients, in some cases
eliminating an extensive workup to exclude other causes of pain
(13). Similarly, a sternum fracture, not always obvious on plain
films, can also be identified by ultrasound (14). The evaluation
of rib and sternum fractures by ultrasound also has the advan-
tage of being able to simultaneously evaluate adjacent organs and
identify associated injuries, such as a pneumothorax.

Clavicle

Clavicle fractures are easily identified by both radiography and
ultrasound. In some cases, however, ultrasound may be more
advantageous. Because many of these fractures occur in chil-
dren, a quick bedside diagnosis without any exposure to ioniz-
ing radiation is desirable. In fact, in one study of newborns with
clinically suspected clavicle fracture, ultrasound was shown to
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Figure 25.21. Ultrasound image of fracture prereduction.

be as accurate as x-ray and was recommended as the study of
choice (6).

When suspecting a clavicle fracture, both clavicles should be
imaged for comparison. A normal clavicle should appear as a
continuous s-shaped echogenic line. A fracture will appear as a
disruption of this line, and in some cases, one may see move-
ment of the fragments with respirations. Depending on the body
habitus of the patient, a standoff pad may be needed.

Small Bones

There is some evidence to support the use of ultrasound to detect
fractures in the hands and feet. However, preliminary studies
have found that ultrasound results in a decreased sensitivity in
the hands and feet as compared to long bones (2,15,16). Because
of the small surface areas and irregular contours of the hands and
feet, a water bath or standoff pad should be used. To evaluate the
foot, the sonographer should scan the foot anteriorly, medially,
laterally, and posteriorly, evaluating each bone for cortical defor-
mities. This study is technically difficult, and preliminary data
demonstrate a sensitivity of 50% in diagnosing hand and foot
fractures (17). Despite this, there is evidence that ultrasound can
be used to detect occult foot and ankle fractures not seen on ini-
tial radiograph (18). In these cases, a focused bedside ultrasound
exam may be effective in that it allows the clinician to focus on
the area of highest suspicion. Ultrasound can also detect sec-
ondary signs of fracture, such as hematoma or callus formation,
that may not be readily apparent on radiography. However, there
was a high false-positive rate in one study, and more research is
still needed in this area (19).

Occult Fractures

Although radiography is still the method of choice in the initial
diagnosis of most fractures, there are some instances in which
ultrasound can detect fractures in patients with pain and soft
tissue swelling, but negative radiographs. In most cases, bedside
ultrasound should be used to rule in a suspected fracture with
negative radiographs, rather than to rule out a fracture. Case
reports of detection of occult fracture by ultrasound include a
child with a spiral femur fracture and an infant with a clavicle
fracture, both of which were confirmed by repeat delayed radiog-
raphy 6 to 8 days later (8).

There has also been some research in the area of detecting
scaphoid fractures by ultrasound in patients with negative x-rays.
The diagnosis of scaphoid fracture by ultrasound is technically
challenging, with only moderate sensitivity (17,20). Given the
high potential liability of scaphoid fractures, conventional man-
agement of suspected scaphoid fracture with a negative radio-
graph is unlikely to be altered by bedside ultrasound at this time.

Fracture Reduction

The process of reducing a fracture in the ED may mean multi-
ple trips to the radiography suite in order to assess the patient’s
bones for proper alignment. Bedside ultrasound can expedite
fracture reduction and minimize the patient’s exposure to ioniz-
ing radiation. The fracture is first visualized using the techniques
described previously and then reassessed after the reduction. The
bright echogenic cortical line should be more closely aligned,
with the step-off narrowed or missing. If the bone segments
remain misaligned, another attempt can then be made immedi-
ately. Rather then placing a cast or splint and sending the patient
for a postreduction x-ray, a bedside ultrasound can visualize the

Figure 25.22. Ultrasound image of fracture postreduction.
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Figure 25.23. Normal knee joint.

alignment of the fractured segments in real time and allow for
adjustments before immobilization.

Joint Effusions

Sonography also has a role in identifying and assisting with the
aspiration of joint effusions. Although some joint effusions may
be readily diagnosed clinically, some joints such as the hip are
more difficult to assess. Also, patients with a difficult body habi-
tus may not lend themselves to an easy clinical exam; sonography
can facilitate diagnosis and aspiration in these cases (21). Ultra-
sound can only determine the presence or absence of an effusion;
it cannot differentiate between infectious or inflammatory effu-
sions. Although ultrasound cannot determine the nature of the
effusion, it can assist in the aspiration of fluid for analysis. In
one case report, a successful ultrasound-guided hip arthrocen-
tesis was performed by the emergency physician after multiple
failed attempts at blind arthrocentesis by both the emergency
physician and the orthopedist (22).

Appearance

Simple joint effusions appear as an anechoic area within the
joint capsule. The fluid associated with an effusion is closely
aligned with the bone cortex itself. Normal bursa are either not

Figure 25.24. Knee joint effusion.

Figure 25.25. Schematic diagram of probe orientation to hip joint.

visualized or are seen as a thin hypoechoic space. However, in the
case of bursitis, the increased fluid in the bursa may be anechoic,
mimicking an effusion. By having knowledge of the anatomical
location of bursas in the joint in question and by recognizing that
an effusion typically lies directly adjacent to bone, the sonog-
rapher should be able to distinguish between the two processes
(18). A complex effusion, such as a hemarthrosis in which the
blood has begun to clot, may appear hypoechoic, or brighter
than a simple effusion.

Arthrocentesis

Sonographically guided joint aspirations use similar approaches
as traditional joint aspirations but allow for greater accuracy.
The actual site of needle insertion will not differ from a tra-
ditional technique, but the ultrasound image can help more
accurately guide that needle to the effusions. The probe should
be held in a position that does not interfere with the nee-
dle insertion site, yet allows for visualization of the needle
tip. This is a different position for each joint. For example,
if attempting to aspirate an elbow effusion, the probe can
be held transversely in the antecubital fossa while a lateral
approach at aspiration is attempted. The joint in question should
first be imaged in multiple planes before the best approach is
decided.

Hip Effusions

Multiple studies and case reports have demonstrated the utility
of ultrasound in identifying hip effusions and guiding arthro-
centesis (22–28). Fluid around the hip joint is usually visualized
in the anterior recess and is hypoechoic. To identify an effu-
sion and guide in hip aspiration, the probe should be placed in
a sagital position, with the indicator toward the pubic symph-
ysis. A larger patient may require the use of a lower-frequency
probe to achieve the appropriate depth. A normal fluid stripe
does exist in the anterior recess and typically measures 3.5 to 5.5
mm in adults and 3.5 to 4.5 mm in children. When attempting to
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Figure 25.26. Probe orientation on hip joint.

determine whether a clinically significant hip effusion is present,
both hips should be scanned, comparing the symptomatic side to
the contralateral joint. If the difference is greater than 1 to 3 mm
or if the stripe is greater than 6 mm in the symptomatic side, then
an effusion is present. One useful landmark is the iliofemoral lig-
ament, which appears as a hyperechoic structure in front of the
femoral cortex. An effusion will displace the iliofemoral liga-
ment from the femoral neck by a hypoechoic or anechoic band.
One pitfall is the potential to mistake trochanteric bursitis for an
intraarticular effusion. However, the hypoechoic fluid collection
associated with trochanteric bursitis is typically more lateral and
is not directly adjacent to the femoral cortex.

Knee Effusions

Knee effusions can be imaged by ultrasound in cases where it is
difficult to ascertain whether an effusion is present or if ultra-
sound guidance for an arthrocentesis is desired. The linear probe
should be held sagitally, just superior to the patella, with the
leg extended. This will allow for adequate visualization of the

Figure 25.27. Ultrasound image of hip effusion (left) and normal hip
joint (right).

Figure 25.28. Ultrasound image of normal lateral knee joint.

knee joint and for a lateral approach to arthrocentesis under
ultrasound guidance if indicated. A transverse view can also be
obtained to determine the extent of the effusion.

Elbow Effusions

There are two approaches to imaging an elbow effusion. The
transverse view is typically obtained by holding the elbow in
90 degrees of flexion and placing the linear probe in the ante-
cubital fossa. The sagital view is obtained by holding the probe
on the lateral aspect of the joint, again with the elbow flexed at
90 degrees.

Tendon Injury

There are several findings indicative of a tendon tear. In the case
of a partial tear, there may be a hypoechoic irregularity in the
usually hyperechoic organized linear structure of the tendon.
Partial-thickness tears need to be differentiated from anisotropy
by realigning the probe so the sound beam is perpendicular to the
area of interest, to ascertain whether the irregularity is an artifact

Figure 25.29. Ultrasound image of knee effusion.
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Figure 25.30. Schematic of knee arthrocentesis.

Figure 25.31. Ultrasound of normal elbow.

Figure 25.32. Schematic of elbow arthrocentesis.

Figure 25.33. Long axis of Achilles tendon.

Figure 25.34. Short axis of Achilles tendon.

Figure 25.35. Ultrasound image of normal patellar tendon.
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or true pathology. Ultrasound is more sensitive at detecting full-
thickness tears, although their appearance can be more variable.
Nonvisualization of the tendon, especially when compared to
the normal side, is indicative of a complete tendon disruption.
In some instances, the end of the retracted tendon may appear
as a blunt or masslike structure. A fluid collection or hypoechoic
shadowing may also be present at the site of injury and can help
aid in the diagnosis. The diagnosis of subtle abnormalities may be
aided by scanning the contralateral side and by scanning during
motion of the joint.

LIMITATIONS AND PITFALLS

■ As in all imaging, very large patients will be more difficult
to image, especially when deeper structures such as the hip
joint are involved.

■ Be sure to use the highest frequency that will allow adequate
penetration to the area of interest.

■ When imaging tendons, be sure to orient the sound beam
perpendicular to the axis of the tendon.
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Soft Tissue Ultrasound

Seric S. Cusick

The use of ultrasound in the evaluation of soft tissue structures
has many potential applications. When used judiciously, soft tis-
sue ultrasound may improve the clinician’s diagnostic accuracy,
result in more appropriate treatment, and improve patient com-
fort during diagnostic and therapeutic procedures. This modal-
ity serves as an extension to the clinician’s physical exam and
allows real-time visualization during procedures without the use
of ionizing radiation. The role for ultrasound in disease states
involving the soft tissues continues to expand with the increased
utilization of bedside ultrasound in emergency medicine. This
chapter focuses on three indications well documented in the
literature: soft tissue infections, foreign bodies, and peritonsillar
abscesses.

SKIN AND SOFT TISSUE INFECTIONS

Indications

The patient presenting with signs or symptoms consistent with
a soft tissue infection requires accurate diagnosis to facilitate
appropriate management. Clinicians across disciplines are eval-
uating an increasing number of soft tissue infections, partic-
ularly those associated with community-acquired methicillin-
resistant Staphylococcus aureus (1–3). Traditionally, the findings
on physical examination of fluctuance or protuberant swelling
were sought as indicators of a cutaneous abscess. In equivo-
cal cases, needle aspirates could be employed to identify areas
containing purulent collections. However, the use of ultrasound
provides a noninvasive tool to distinguish between cellulitis and
abscess. In certain clinical scenarios, the information obtained
during a bedside ultrasound may also identify alternative diag-
noses such as deep venous thrombosis, lymphadenitis, superficial
phlebitis, hematoma, or even a strangulated hernia.

Diagnostic Capabilities

The use of emergency ultrasound in the evaluation of soft tis-
sue infections has been well reported in the literature (4–15).
A prospective analysis of the comparative accuracy of clinical
impression versus bedside ultrasound in the determination of

abscess or cellulitis demonstrated that ultrasound is superior
when compared to incision and drainage as the gold standard (5).
Of the 100 patients enrolled in this study, there were 18 disagree-
ments between clinician impression and ultrasound findings; in
17 of these cases, ultrasound was accurate. A second study in 2007
suggested that the use of bedside soft tissue ultrasound may hold
a profound impact on management. In those patients believed
to be unlikely to have a fluid collection requiring drainage, ultra-
sound changed management in 48%. When clinicians believed
a patient would require a drainage procedure, emergency ultra-
sound changed management in 73% of this patient group (6).
The relative accuracy and potential for profound impact on
patient care nearly mandates the use of bedside ultrasound in
the patient with an undifferentiated soft tissue infection.

In addition to a well-documented role in the differentiation
of cellulitis and abscess, there have been several reports of the
use of bedside ultrasound in the management of complicated
soft tissue infections. Recently, ultrasound in the diagnosis of
necrotizing fasciitis has been described (7). In this single cen-
ter study of 62 patients with suspected necrotizing fasciitis, the
findings of diffuse subcutaneous thickening and at least 4 mm
of fluid accumulating along the deep fascial layer had good sen-
sitivity and specificity when compared to histologic diagnosis.
Other authors have reported the utility of bedside ultrasound in
the management of perirectal abscesses (14), complicated breast
abscesses (8), and abscesses of the head and neck (4–15).

Although ultrasound may prove of great utility in the man-
agement of these soft tissue infections, certain clinical situations
will require the use of further imaging studies. Plain radiogra-
phy may be used to assess for underlying skeletal pathology, gas
within the tissues, or retained foreign bodies. Similarly, cross-
sectional imaging with CT or MRI may be warranted due to the
location, severity, or extent of the suspected infection or even as
a result of findings on bedside ultrasound (6).

The use of ultrasound in the management of these patients
may be extended to afford procedural guidance. Incision and
drainage of a cutaneous abscess can be performed using static
or dynamic guidance and may prove of particular utility in dif-
ficult cases. Direct visualization of the needle or scalpel entering
a fluid collection may result in increased patient comfort and
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permit avoidance of important surrounding structures. Reeval-
uation postprocedure may identify persistent fluid collections,
particularly in those of a loculated nature.

Imaging Considerations

When evaluating a soft tissue infection with ultrasound, con-
sideration of several key principles will increase the potential
for successful image acquisition. Prior to attempting the study,
effective analgesia should be ensured. In the majority of cases,
the use of a high-frequency linear probe (7−13 mHz) will allow
for improved resolution of superficial structures. In the excep-
tional case of a particularly deep collection, a curved or phased
array probe of lower frequency (3−5 mHz) may allow better
visualization and a wider field of view. Regardless of the probe
used, the sonologist should attempt to follow the convention of
directing the indicator to the patient’s right in transverse images
and toward the head in longitudinal images. Due to the reliance
on differences in echogenicity for accurate image interpretation,
the ultrasound should be performed in a dim room, affording
the use of minimal total gain. Appropriate use of image depth
will improve visualization of the structures of interest, maximize
frame rate, and allow accurate assessment of tissue involvement
and the intended depth of any procedure to follow. Color, power,
or spectral Doppler may be employed to verify the location of
associated vascular structures. In particularly painful or super-
ficial infections − such as the hand − the use of a commercially
available standoff pad or water bath may be used to improve
patient tolerance and enhance image quality by minimizing the
effect of the near-field acoustic dead space (16). Alternatively, a
latex glove filled with water or a 250-cc bag of intravenous fluids
may be used.

During image acquisition, one should first evaluate the sur-
rounding (or contralateral) normal tissue to appreciate the nor-
mal tissue planes and associated anatomical structures. The
affected area is then evaluated in orthogonal planes, observ-
ing changes in echogenicity of the subcutaneous tissues, the
presence of edema, and the location and size of any fluid col-
lections. Cellulitis is characterized by an increased thickness of
the subcutaneous layer that is relatively hyperechoic compared
to normal tissue. As the infection − and associated swelling
− increases, hyperechoic fat globules are outlined in hypo-
echoic edema, yielding the appearance described as cobbleston-
ing. Abscesses are typically identified as spherical and anechoic to
hypoechoic, often containing echogenic debris. However, atyp-
ical fluid collections may be near isoechoic and have complex
loculations and septations. Gentle pressure over these compli-
cated collections often allows the appreciation of free-flowing
purulent material with real-time B-mode imaging.

Imaging Pitfalls and Limitations

Common pitfalls in scanning soft tissue infections include
improper probe selection, poor use of depth and gain, failure
to recognize associated structures, and inadequate patient anal-
gesia. Maximizing ultrasound system controls and appropriate
patient preparation and positioning may alleviate many of these
obstacles.

Although the role for bedside ultrasound in the management
of soft tissue infections offers many advantages, it is not without
limitations. Certain anatomical locations and patient conditions
may not be amenable to sonographic evaluation, despite the mea-

sures mentioned previously and genuine attempts at analgesia.
Furthermore, the optimal management of patients with small,
poorly defined, subcutaneous fluid collections detected on ultra-
sound has yet to be defined. In the case of necrotizing fasciitis, the
previously referenced report (7) describes encouraging results for
the use of ultrasound in the assessment of this critical condition.
However, further study is needed to validate the generalizability
and validity of this data prior to incorporation into practice as a
primary diagnostic tool.

SOFT TISSUE FOREIGN B ODIES

Indications

Soft tissue foreign bodies represent a troubling entity for emer-
gency physicians. They often pose remarkable clinical challenges
− in identification and removal − and represent a significant
component of malpractice claims against emergency physicians
(17–19). The traditional approach to these patients has often
included a combination of plain radiography and local wound
exploration at the bedside. However, wound exploration has
potential disadvantages, including patient discomfort, damage
to nearby structures, and increased possibility of infection. Diffi-
cult cases may require the use of cross-sectional imaging, surgical
consultation, or fluoroscopy. Application of bedside ultrasound
may facilitate efficient diagnosis and appropriate management
of these patients.

Diagnostic Capabilities

In evaluating the use of ultrasound in the detection of foreign
bodies, one must consider the other imaging modalities available.
Plain radiography has excellent sensitivity for metallic, glass, and
mineral-based foreign bodies but variable − and generally poor
− sensitivity for wooden, plastic, and organic materials. CT and
MRI may be used with an additional set of positive and nega-
tive attributes. Both of these cross-sectional imaging modalities
afford precise localization of foreign bodies in relation to adja-
cent anatomical structures and may be of particular use in deeply
embedded objects. Their primary limitations include time, cost,
and ionizing radiation (CT). In addition, the reported sensitivity
of CT in the detection of foreign bodies − particularly those of
radiolucent nature − is low, between 0% and 70% (20–23).

The use of ultrasound affords many benefits in the assess-
ment, localization, and removal of soft tissue foreign bodies, and
has been reported across several disciplines (24–28). Although
radiography holds excellent sensitivities for radiopaque foreign
bodies, ultrasound has become the diagnostic modality of choice
for radiolucent foreign bodies. In both tissue models and clin-
ical investigations, ultrasound appears accurate. A study from
the radiology literature described ultrasound to have sensitiv-
ities of 95.4% and specificities of 89.2% in the evaluation of
48 patients with negative radiographs and clinical suspicion
of a foreign body (29). In two series evaluating ultrasound in
the detection of wooden foreign bodies of the hand and foot,
the sensitivity was 95% to 100%, and particles as small as 2
mm in length were visualized with ultrasound (25,26). Within
the emergency medicine literature, case reports describe its
application in ED patients and utility at the bedside (30,31),
and studies of tissue models report variable test characteristics
(18,30), (32,34). The absence of clinical findings and an associ-
ated inflammatory reaction may be partly responsible for the low



360 Cusick

sensitivities demonstrated in these tissue models (31,35). Despite
its promised utility, further prospective evaluation of emergency
physician-performed ultrasound for foreign body detection is
needed to characterize the accuracy of this modality.

In addition to its role in the detection of foreign bodies,
the use of bedside ultrasound may facilitate precise localiza-
tion during removal, allowing concomitant identification and
avoidance of associated structures. Several techniques have been
described to facilitate localization and removal, including static
(25,27) and dynamic (24,25,27,36) ultrasound guidance and
ultrasound-guided needle localization (27,28,36–38).

Imaging Considerations

As described previously, most soft tissue ultrasound is best per-
formed with a high-frequency (7 to 13 mHz) linear probe. How-
ever, the use of an intracavitary probe with a standoff pad has
been described (30), and deeper foreign bodies may require the
use of a lower-frequency probe for adequate tissue penetration.
Due to the superficial nature of many foreign bodies, the use of a
water bath or standoff pad may be required to avoid the probe’s
dead space and ideally place the structures of interest near the
focal zone.

Once the appropriate probe and scanning conditions are
obtained, success is maximized by slow, orderly image acqui-
sition. For many sonologists, soft tissue ultrasound affords the
opportunity to insonate anatomical regions not routinely eval-
uated. As such, comparison with the contralateral side provides
an understanding of the sonographic appearance of normal
anatomical structures. For removal, identification of associated
structures is critical to avoid iatrogenic injury during the pro-
cedure. Typically, the skin and subcutaneous tissue will appear
relatively hyperechoic, with underlying muscle taking on a hypo-
echoic, organized, striated appearance. Tendons may appear of
intermediate echogenicity and demonstrate a linear organiza-
tion, whereas fascial planes are brightly reflective linear echoes.
Vascular structures may be identified as anechoic structures with
characteristic Doppler signals, as described elsewhere in this text.

The appearance of soft tissue foreign bodies has been well
described (29,32,35,39). The majority of these objects will be
hyperechoic and associated with artifacts cast into the far field.
Metallic objects are hyperechoic and may cause reverberation
(evenly spaced hyperechoic lines) or comet tail (tightly spaced or
continuous reverberations) artifacts into the far field. Wood and
mineral-based foreign bodies (rock, gravel) are often brightly
reflective with dense posterior shadowing. Plastic and rubber
are similarly hyperechoic with variable posterior shadowing,
although plastic may, on occasion, cause reverberation. Glass
has the widest range of sonographic appearances with vari-
able echogenicities and the possibility of both shadowing and
reverberation-based far-field artifacts. As the local tissue reaction
develops, the foreign body will develop a characteristic hypo-
echoic halo (40) indicative of the surrounding inflammation
and edema.

Ultrasound-guided removal of foreign bodies allows estima-
tion of the object’s depth and proximity to anatomical structures.
Static − or indirect − guidance permits identification of larger,
superficial structures using visual landmarks or a surgical skin
marker to recall the location during the procedure to follow.
Dynamic − or direct − guidance affords real-time visualiza-
tion of the procedure. The clinician may begin by visualizing a
needle that is directed toward the object during infiltration of

local anesthetic. Often the anesthetic improves visualization of
the hyperechoic foreign body by outlining it with anechoic fluid.
Removal of the object may then occur using the appropriate
instruments under direct ultrasound guidance. Alternatively, a
finder needle may be placed under direct visualization. Teisen
et al. (38) described the use of two needles placed on either side
of the object at a 90-degree angle to each other. The foreign body
is then retrieved by dissection guided by these needles with-
out concomitant dynamic ultrasound guidance. A probe sheath
should be used for the procedures with dynamic guidance, and
the sonologist should ensure the probe indicator is directed to his
or her left to avoid misinterpretation of the images and facilitate
the procedure.

Imaging Pitfalls and Limitations

The detection of foreign bodies may prove to be of difficulty for
the novice sonologist. The combination of irregularly shaped,
superficial anatomical regions; wide probe footprints; and unfa-
miliar sonographic images creates a technical challenge. As
described previously, the use of standoff pads or a water bath
may remove some of these impediments and improve the sensi-
tivity of the examination. In addition, misinterpretation of air,
calcifications, and scar tissue may decrease the specificity. The
use of the contralateral side as an example of normal anatomy
is encouraged and may assist in the interpretation of otherwise
unfamiliar images.

PERITONSILLAR ABSCESS

Indications

The differentiation between peritonsillar cellulitis and abscess
can be difficult based solely on clinical findings. Historical fea-
tures of sore throat, odynophagia, and hot-potato voice, com-
bined with the exam findings of trismus, swelling, erythema, and
unilateral bulging of the soft palate, are suggestive but nonspe-
cific. Historically, blind needle aspiration has been employed
routinely as a diagnostic intervention, despite poor reported
test characteristics. Ultrasound may be used at the bedside to
facilitate both the accurate diagnosis and management of these
patients.

Diagnostic Capabilities

As mentioned previously, the diagnosis of peritonsillar abscess
has often been established clinically or invasively via needle aspi-
ration. Unfortunately, this practice may subject those with peri-
tonsillitis to an unnecessary procedure with its inherent risks
and is associated with a 10% to 24% false-negative rate (41–44).
Recently, CT has become the diagnostic gold standard with sen-
sitivities near 100% (45–46). Ultrasound provides the clinician
with a noninvasive, bedside tool that is cost effective and does
not subject the patient to ionizing radiation, but holds sensitivi-
ties of 89% to 100% (46–50). A prospective analysis comparing
ultrasound and CT scan with clinical outcome demonstrated a
sensitivity and specificity of 89% and 100% for intraoral ultra-
sound compared to 100% and 75%, respectively, for CT (46).
Subsequently, Lyon et al. (48) reported a retrospective review
of forty-three emergency ultrasounds for suspected peritonsillar
abscess with thirty-five true positives, one false positive, and zero
false negatives when compared to clinical outcome.
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In addition to using ultrasound as a diagnostic modality, the
clinician may perform needle aspiration of the abscess under
direct ultrasound guidance. The use of ultrasound to assist in
drainage was first suggested in the otolaryngology literature
(51) and has since been well described by emergency physicians
(47–48). This establishes bedside ultrasound as the sole tool
available to facilitate this procedure.

Imaging Considerations

As with many soft tissue ultrasounds, appropriate patient prepa-
ration will improve both procedural tolerance and image acqui-
sition. In the case of suspected peritonsillar abscess, the use of
systemic and topical agents may reduce pain and trismus, and
provide local anesthesia. An intracavitary transducer (4–8 mHz)
may be used, covered in a commercially available sheath or non-
lubricated condom, after sufficient ultrasound gel is placed on
the probe’s footprint to ensure efficient conduction of the sound.
The peritonsillar region and soft palate are then insonated in both
sagital and transverse planes. The presence and extent of a fluid
collection is established, as is the location of nearby anatomi-
cal structures. The internal carotid artery should be identified
posterolateral to the tonsils, and its proximity may be verified
using Doppler. Although abscesses have a variable appearance,
the majority will demonstrate hypoechoic centers that are often
heterogeneous in appearance (42,47,52). According to O’Brien

Figure 26.1. Upper extremity ultrasound demonstrating normal sub-
cutaneous tissue (above upper arrow), which identifies most superfi-
cial fascial plane. The normal-appearing striated appearance (between
arrows) of muscle in longitudinal section is visualized.

et al. (52), up to 30% of abscesses may be isoechoic when
compared to surrounding tissues, but the finding of posterior
acoustic enhancement is consistent across abscesses of varied
appearances. Using these features and the contralateral side as a
comparison, the sonologist is able to readily identify and localize
abscesses and critical associated structures.

Aspiration may occur under dynamic ultrasound guidance,
allowing identification of the maximal fluid collection and visu-
alization of needle entry into this space. The use of a biopsy guide
may aid in precise needle placement (51), but is not without its
disadvantages; this equipment is an additional expense and may
prove cumbersome in its size when working intraorally.

Imaging Pitfalls and Limitations

The primary limitation in the sonographic evaluation of sus-
pected peritonsillar abscess is patient tolerance. In a disease that
is characterized by focal pain and swelling, with associated tris-
mus, the clinician must ensure patient comfort prior to attempt-
ing image acquisition. The sonologist should remember to effec-
tively lubricate the probe prior to sheath placement, minimize
the depth settings, and use Doppler as needed to maximize image
quality. Thorough interrogation of the peritonsillar area and soft
palate, recognition of posterior acoustic enhancement in iso-
echoic abscesses, and comparison to the unaffected side will
afford the greatest possible sensitivity and specificity.

CLINICAL IMAGES

Figure 26.2. Oblique view through same anatomical region as in Figure
1, demonstrating normal subcutaneous tissue, fascial planes (arrows),
and striated appearance of muscle.
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Figure 26.3. This image is from the contralateral upper extremity of
the same patient imaged in Figures 1 and 2. Note the relative hyper-
echoic appearance of the subcutaneous tissue above the most superfi-
cial fascial plane (upper arrow) and the subtle areas of anechoic edema
(arrowhead) tracking within this tissue.

Figure 26.5. Soft tissue ultrasound demonstrating typical appear-
ance of a subcutaneous abscess (outlined by arrowheads) − well-
circumscribed, simple, hypo- or anechoic collection with or without
echogenic debris.

Figure 26.7. Complex cutaneous abscess that is hypoechoic and
demonstrates posterior acoustic enhancement (between arrows).

Figure 26.4. Image from lower extremity demonstrating hyperechoic
subcutaneous tissue with anechoic edema (black arrows) tracking
among the hyperechoic fat globules (white arrows), yielding the char-
acteristic cobblestoning appearance of cellulitis.

Figure 26.6. Atypical-appearing abscess (outlined by arrowheads) that
is near isoechoic in select regions and has a complex, loculated shape.
Applying gentle pressure with the probe allows visualization of free-
flowing purulent material.

Figure 26.8. Soft tissue ultrasound of the thigh revealing a large, loc-
ulated abscess (black arrow). This image presents a good example of
the characteristic appearance of an enlarged lymph node in far field
(white arrow), an ovoid structure greater than 1 cm with a hyperechoic
center and surrounding hypoechoic rim.
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Figure 26.9. Ultrasound-guided drainage of a cutaneous abscess. The
precise location of the maximal fluid collection was identified by ultra-
sound, and a needle (white arrows) was directed to the cavity during
infiltration of anesthesia, facilitating incision and drainage.

Figure 26.11. Soft tissue ultrasound of metallic foreign body (needle)
imaged in a water bath. Note hyperechoic nature of the foreign body
(arrowhead) and the reverberation artifacts into the far field.

Figure 26.10. This patient presented with a breast abscess deep to the
areola. A plastic surgeon directed an 18-gauge needle (arrows) into
the abscess cavity – using the ultrasound guidance provided by the
emergency physician – after puncturing the skin medial to the areola.
The cavity was then incised by guiding a scalpel along this path.

Figure 26.12. Wooden foreign body (toothpick; denoted by arrow-
head) with characteristic hyperechoic nature and dense posterior
acoustic shadowing. These images were obtained in a water bath.
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Figure 26.13. A large shard of glass (arrowhead), seen here to
be hyperechoic with posterior acoustic shadowing (arrows), as
imaged using a 250-cc bag of saline for a standoff pad. The
sonographic appearance of glass foreign bodies varies widely, as
do the artifacts that may arise in the far field.

Figure 26.15. Soft tissue ultrasound identifies a foreign body of
mixed composition. The large plastic piece (right arrowhead)
produces dense posterior acoustic shadowing, likely due to the
air contained within the foreign body. To the left of the arrow, the
thin metallic foreign body is seen (extending to the left arrow-
head) yielding subtle reverberation artifacts.

Figure 26.17. Image of a left peritonsillar abscess using a
sheathed intracavitary probe. The extent of the inflammatory
response is visualized (arrows), and the precise location of the
maximal fluid collection is identified (arrowhead).

Figure 26.14. This image was obtained in a water bath and demon-
strates a plastic foreign body (between arrowheads) that appears hyper-
echoic with reverberation artifacts.

Figure 26.16. Ultrasound-guided removal of foreign body. A wooden
foreign body (arrowhead) is identified on ultrasound, and a needle
(arrows) is directed under dynamic guidance for infiltration of local
anesthesia and precise localization.

Figure 26.18. This is the same anatomical location in the patient
imaged in Figure 17, immediately following incision and drainage. The
extent of the soft tissue infection is still well visualized (arrowheads),
but the anechoic fluid collection is absent.
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Figure 26.19. Color Doppler demonstrates the posterolateral position
and proximity of the internal carotid artery to this left peritonsillar
abscess (arrowheads).
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Ultrasound in Resuscitation

Anthony J. Weekes and Resa E. Lewiss

INDICATIONS

Many critical conditions are rapidly and accurately detected by
bedside clinical sonography. In fact, ultrasound in resuscitation is
a necessary tool for evaluating the emergent and unstable patient
presenting to the ED. Patients may complain of sudden onset of
pain in the head, thorax or abdomen, and pelvis. Patients may
present in cardiac arrest or with altered mental status and, there-
fore, will be unable to provide any history at all. Physical exam
findings such as unstable vital signs, absent, irregular or muffled
heart sounds, absent lung sounds or rales, abdominal distension
or tenderness, and pulsatile abdominal masses all necessitate
expedient evaluation of the patient. Point-of-care bedside ultra-
sound will direct the emergency physician down an algorithmic
pathway to focus on the potential organ system(s) involved. Of
primary concern to the acute care physician are emergent airway,
breathing, and circulation instabilities. Hemodynamic monitor-
ing in a patient presenting with a mixed and complex clinical
picture is crucial. Because of the many potential causes of an
unstable patient (see Tables 27.1, 27.2, 27.3, and 27.4), an algo-
rithmic use of sonography, especially tailored to the key clinical
conditions of dyspnea and circulatory failure, is included in this
chapter. Particular symptoms, signs, or other imaging results will
direct the physician in how best to apply ultrasound to patient
care.

Central venous cannulation and peripheral access can be
challenging in some patients, especially during resuscitation
when anatomical landmarks are unreliable. Ultrasound-guided
vascular access is superior to anatomical landmark–guided cen-
tral line access in terms of safety, time to successful cannulation,
and the reduction of complications and unsuccessful attempts.
Indirect ultrasound guidance can warn the physician that a
particular site/approach is not optimal due to thrombus, ves-
sel caliber, or a precarious anatomical relationship.

DIAGNOSTIC CAPABILITIES

Unstable patients present with reversible etiologies that may
be diagnosed quickly using bedside ultrasound. Such diagnoses
include pulseless electrical activity such as electromechanical dis-

Table 27.1: Etiologies of Dyspnea

Thoracic cage: ribs, sternum fracturesa

Diaphragma

Pleuraa

Lung parenchyma
Pericardiuma

Pericardial contentsa

Myocardiuma

Valvesa

RV and LV outflowa

Pulmonary vasculature
Preloada

Airway
Hemoglobin
Oxygen demand/consumption
Venous circulation: IVC and peripheral vein patency and

compressibilitya

aCategories or specific types of problems that are definitively
diagnosed or strongly indicated by sonography.

sociation and hypotension from cardiac, pulmonary, abdominal
or gynecological causes. Ultrasound directs physicians to specific
findings for myocardial infarction, pericardial effusion, pleural
effusion, pneumothorax, dissection of the thoracic and abdom-
inal aorta, aneurysm of the thoracic and abdominal aorta, infec-
tious causes such as overwhelming sepsis, pneumonia, chole-
cystitis, pancreatitis, and appendicitis. Ultrasound aids in resus-
citation procedures such as vascular access, transvenous pacer
placement and endotracheal tube placement (directly and indi-
rectly). Hemodynamic profiles can suddenly change because
of cardiopulmonary decompensation, disease progression or
therapeutic interventions. Sonography allows an assessment of
preload, fluid status, right and left heart function, as well as peri-
cardial and thoracic obstructions to cardiac output. The use of
sonography allows for easily repeated dynamic hemodynamic
monitoring. Recent sepsis goal-directed therapeutic guidelines
emphasize the role of early central venous pressure (CVP) mea-
surements and fluid resuscitation. The sonographic assessment

367



368 Weekes and Lewiss

Table 27.2: Etiologies of Hypovolemia

Causes of volume depletion include hemorrhage and fluid loss
Hemorrhagic
Remote traumatic blood loss − ruptured spleen, liver, hemothoraxa

GI blood loss
Coagulation dysfunction
Intraabdominal bleedinga

Intrathoracic bleedinga

Dehydration
Low oncotic intravascular pressure (third spacing)
Liver failure, pancreatitis, and burnsa

aCategories or specific types of problems that are definitively
diagnosed or strongly indicated by sonography.

Table 27.3: Etiologies of Cardiogenic Hypotension

Abnormal heart rate (e.g., bradyarrhythmias)a

Asynchronya

Uncoordinated myocardial activity – asynchrony
Atrial: fibrillation and flutter
Supraventricular tachyarrhythmias
Ventricular tachycardia, ventricular fibrillation
Lower stroke volumea

Tachyarrhythmias
Disorders of myocardial contractility
Inadequate cardiac outputa

Low output statesa

Cardiogenic shock
Sepsis-provoked cardiac dysfunction (hypodynamic sepsis)
Mechanical problemsa

Intracardiac structures
Valve dysfunction
Stenosis and regurgitation
Cardiomyopathy
Infiltrative cardiomyopathy
Hypertrophic cardiomyopathy
Restrictive cardiomyopathy
Ventricular wall defect
Free wall rupture
Septal wall rupture
Outflow tract occlusion
Tumor
Embolus
Narrowing
Extracardiac structures
Pericardial effusion/tamponade
Constrictive pericarditis
High thoracic pressures
Pneumothorax
Chronic obstructive pulmonary disease
Asthma
Mechanical ventilation
High output states
Sepsis, anemia, thyrotoxicosis
Acute myocardial infarctiona

Due to coronary artery disease
Extramural coronary vessel occlusion (retrograde aortic dissection,

annular valve abscess)

aCategories or specific types of problems that are definitively
diagnosed or strongly indicated by sonography.

Table 27.4: Etiologies of Abdominal Disease

Indications: pain, hypotension, weakness, abdominal tenderness
fever, leukocytosis

Biliary tract disease: gallstones, gallbladder wall thickness,
sonographic Murphy’s sign, common bile duct dilation,
pericholecystic fluida

Does NOT evaluate gallbladder function
Appendicitisa

Connects with cecum and distal blind loop
Lack of peristalsis
Compare to adjacent bowel
Edematous wall thicker than 3 mm
Diameter >6 mm
Noncompressible
May have a fecalith with shadowing
Graded compression
Slow but firm pressure
Displaces bowel air
Self-localization of pain (PMP)
Difficult in retrocecal appendicitis and perforated appendicitis

Bowel obstructiona

Markedly dilated loops of bowel with fluid swirl and/or thickened
walls

Ectopic pregnancy workupa

Detection of a definite ectopic pregnancy
Empty uterus
Indeterminate findings
Intrauterine pregnancy − normal or abnormal
Significant findings
Free fluid in cul de sac or in the peritoneal cavity
Adnexal masses
Uterine masses
Intrauterine devices

Mesenteric ischemia/infarction
Mesenteric artery occlusion
Abdominal aortic aneurysma

Aortic diameter >3 cm, iliac diameter >1.5 cm or lack of distal
tapering of diameter

Include thrombus
Does not tell the site of rupture, if any
Abdominal aortic dissection
With or without aneurysm
Intimal flap separating true and false lumena

aCategories or specific types of problems that are definitively
diagnosed or strongly indicated by sonography.

and reassessment of the inferior vena cava (IVC) addresses the
logistical concern fluid status.

When compared to plain radiography in the diagnosis of free
fluid in the thoracic, cardiac, or abdominal cavities, ultrasound
is more accurate and time efficient. Ultrasound is more sensitive
than plain x-ray films in detecting pneumothorax (99% sensitive
and 99% specific).

Thoracic Disease Etiologies Sought
During Resuscitation

Severe hypoxia, hypotension, dyspnea, chest pain (pleuritic, radi-
ating to back, sudden onset, refractory to nitroglycerin, etc.),
ECG abnormalities (ST elevations, PR depressions, low voltage),
tachyarrhythmias, and high-risk conditions such as malignancy
and renal failure are but a few of the indications to image car-
diothoracic structures and their functioning.
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Cardiothoracic Disease Etiologies Sought
During Resuscitation

Cardiac sonography is considered the gold standard of cardiac
diagnostic and functional testing. The detection of pericardial
effusion, tamponade, cardiomyopathies, right ventricle (RV) and
left ventricle (LV) evaluation of preload status, outflow tract,
and valvular problems are crucial to the intensive care of any
critically ill patient. Refer to Chapter 17 and its tables, figures, and
algorithms for guides, evidence, and anecdotes to the extensive
use of cardiac sonography in resuscitation. A small pericardial
effusion discovered after penetrating left-sided chest trauma may
prompt an urgent call to a trauma surgeon, while a moderate-size
pericardial effusion may have little bearing on the management
of a patient complaining of palpitations.

Definitive sonographic evidence of a pulmonary embolism
(PE; clot in transit or sitting in a pulmonary artery) is infre-
quently seen, but a massive PE will be suggested when the RV
chamber size equal to or larger than that of the LV. Echocar-
diography can therefore play a key role in the risk stratification
of patients with PE and in decisions to use thrombolytic agents.
Pulmonary hypertension appear sonographically as right atrium
(RA) enlargement and RV hypertrophy.

Transesophageal echocardiography (TEE) holds the advan-
tage over transthoracic echocardiography (TTE) of being able to
look at the major pulmonary arteries. The main thoracic aortic
disasters are aneurysm and dissections. The sonographic viewing
is limited to the TTE approach, which can look at a portion of the
descending aorta and the left ventricular outflow tract for dissec-
tion or dilatation. Another window to viewing the thoracic aorta
is the suprasternal approach. TEE bypasses pulmonary interfer-
ence and provides a better resolution viewing of the ascending
and arching thoracic aorta, although the left main bronchus does
limit its view of parts of the aortic arch.

Pulmonary problems cause deflation of the lung, separation
of the pleural surfaces, and possible reduction of cardiac out-
put. Pleural sliding occurs when the lungs are inflated and the
pleural surfaces are together. Lung ventilation assessment after
an endotracheal intubation and pneumothorax/pleural effu-
sion detection are both reliably performed using ultrasound.
Artifacts within the lung traditionally thought of as nuisances
are now being analyzed to help determine whether pulmonary
parenchyma is fluid filled.

IMAGING PITFALLS/LIMITATIONS

Unlike other diagnostic imaging modalities, ultrasound is lim-
ited by the operator’s ability to perform bedside ultrasound. This
requires knowledge of ultrasound machine operation, relevant
anatomy, and the ability to distinguish normal from pathological
findings. Air scatters sonographic waves and, in doing so, may
limit the ability to evaluate a patient with subcutaneous emphy-
sema or abdominal perforation. Ultrasound does not allow the
physician to distinguish fluid type such as blood and urine, or
to evaluate the retroperitoneum. Finally, bedside ultrasound is
not the modality of choice to thoroughly evaluate solid organs.
Positive sonographic findings do not always point to the clinical
disorder. Sonographic findings do not automatically establish a
direct causal relationship with the person’s symptoms, hemo-
dynamic profile, and clinical diagnosis. Primary and secondary
etiologies can be detected.

LIMITATIONS TO IMAGING IN RESUSCITATION

Space limitations during code (ventilators, code carts, multiple
persons at the bedside, etc.)

Probe orientation: emergency medicine resuscitation sonog-
raphy moves from one anatomical region to another. Switching
to and from cardiac and abdominal probe settings and orienta-
tion can lead to confusion; however, especially with apical cardiac
viewing, where RV and LV size and morphology and function
comparisons are crucial, it is important to know which side is left
or right. We recommend using the probe marker pointed to the
patient’s right when doing the apical echo using the abdominal
probe setting. The bigger thicker ventricle on the monitor is not
always the LV. Using the abdominal setting, rotate probe marker
to the 4-o’clock and 7-o’clock positions for the left parasternal
long and short axis windows, respectively.

Despite multiple studies that aim at neatly categorizing
patients into etiologies of shock, it is ultrasound’s ability to rule
out conditions with certainty that becomes most helpful. Hypo-
volemia often comes with sepsis. Myocardial impairment may
come with one in three cases of sepsis. Hyperdynamic responses
may be blunted by medications (aortic valve [AV] nodal blocking
agents).

Following are a few ways to falsely diagnose hypovolemia:

■ Firm probe pressure to displace bowel gas and allow a viewing
of the abdominal aorta. If that same pressure is applied to
look at the adjacent IVC, the IVC will be hard to find or
narrowed due to your hand pressure. Use light pressure and
use to presence of the liver − an excellent acoustic window
− to view the proximal IVC.

■ Scanning off axis (obliquely) can give falsely low dimensions
to the heart chambers. Attempt to open up (maximize) the
chambers as much as possible. Use different cardiac windows
to compare chamber sizes.

■ Scanning off axis can give a falsely narrowed IVC and aortic
“diameter.” Either use the short axis or sweep to achieve the
maximal anteroposterior dimensions of the long axis of the
IVC or aorta.

■ Poor cardiac filling does not necessarily mean low circulating
volumes. Restrictive (diastolic myocardial dysfunction with
intact systolic function) and constrictive cardiomyopathies
(pericardial stiffening) should be considered.

POTENTIAL SOLUTIONS

■ Do not forget to let the various applications and findings of
the sonographic survey complement each other.

■ Use IVC size and respiratory variation, cardiac chamber size,
systolic and diastolic function, and pericardial appearance as
a package.

■ Findings of hypovolemia should prompt a search for major
vessel rupture − abdominal aortic aneurysm, free fluid in
abdomen or thorax, and even sepsis sources when applicable.

■ Dedicated ultrasound machine(s) assigned to the resuscita-
tion areas

■ Basic probes: linear probes, cardiac/abdominal probes, and
transvaginal probes

■ Transesophageal probe − an option if further training and
expertise are accessible

■ Portable but high-quality machine selection
■ Battery packs for ultrasound machine
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■ Retractable power cords
■ Patient intolerance/inability to hold breath/exhale as

instructed
■ Perform Valsalva maneuver
■ Lay flat or turn to left lateral decubitus (cervical immobiliza-

tion, rib injuries, thoracic procedures)

■ Likely comorbid/preexisting conditions, including abdomi-
nal tenderness, bowel gas, hyperinflated lungs, and obesity,
that make scans technically difficult.
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Figure 27.1. Shock/Hypotension Algorithm.
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Figure 27.2. Diagnosis corresponding to findings on cardiac
ultrasound.
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A B

Figure 27.3A. Normal heart (parasternal long-axis view [PLA]). The mitral valve (MV) leaflets are open, consistent with early LV diastole. Note
the septal wall contour (bowing into the RV), as well as the size of the RV relative to the LV and the sinotubular appearance of the left ventricular
outflow tract (LVOT). B: Normal heart (PLA systolic phase). The ventricular myocardium thickens, and the endocardial surfaces move toward
the center of the chamber. Note the appearance of a normal RV chamber and the septal wall, and how the septum varies with the appearance in
diastole.
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Figure 27.4. Hypotensive Algorithm.
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Figure 27.5. Schematic of heart in PLA shows positioning of descend-
ing aorta and pericardial (black) and left pleural (gray) effusions.

A

B

Figure 27.6A and B. Pleural effusion versus pericardial effusion. Dis-
tinguish fluid in the pericardial space that tucks above and is limited
by the descending aorta (Dao) versus fluid in the pleural space that
extends beyond the Dao.

Figure 27.7. Pericardial effusion (apical four-chamber view
[A4]). On dynamic imaging, the heart was empty with weak-
ened myocardial contraction globally. This patient with a his-
tory of warfarin use presented with chest pain radiating to the
back and hypovolemia. Examination of the abdomen and aor-
tic arch could not confirm a reason for this patient’s signs and
symptoms.

Figure 27.8A. Pericardial effusion (PLA). The LV is barely filled,
while the RV remains enlarged. Dynamic imaging showed poor
cardiac output. Same patient on warfarin presenting with chest
pain and hypovolemia. B: Pericardial effusion (PLA systolic
phase). The thick-walled LV is almost completely empty. The
RV remains dilated. There is a pericardial effusion. Same patient
on warfarin presenting with chest pain and hypotension.
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B

A

Figure 27.9A. Pericardial effusion (PLA). Fluid extends around the
heart but narrows at the Dao (short arrow) seen near the atrioventric-
ular sulcus. B: Pericardial effusion (PLA diastolic phase). RV and LV
are dilated, and the myocardial walls are relatively thinner than during
systole (see Fig 27.9 A). The heart was swinging within the pericardial
sac. There were no signs of electrical alternans or low-voltage QRS
complexes on the ECG.

Figure 27.11. Pericardial calcification (A4). Note a thick calcified peri-
cardium. Moderate to large left-sided pleural effusion with the left
lung compressed by the fluid. Note the absence of pericardial fluid; a
nondilated RV. The patient presented in cardiopulmonary arrest with
distended neck veins and decreased breath sounds. The heart is barely
able to fill − not because of hypovolemia − but because of diastolic
dysfunction caused by the constricting thick calcified pericardium.

A

B

Figure 27.10A. Pericardial effusion (parasternal short-axis view [PSA]
systolic phase). B: Pericardial effusion (PSA diastolic phase). The RV
assumes the expected semilunar appearance. There is no tamponade
physiology evident. The intraventricular septal myocardium is curved
toward the RV − this is normal when compared to Figure 27.9 (same
heart).

Figure 27.12. Schematic diagram demonstrating diastolic collapse of
the right ventricle.
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Figure 27.13. Pericardial effusion and tamponade in a patient with
lung cancer on chemotherapy. He was vomiting frequently for 1 week
and presented with weakness and hypotension. ECG showed low volt-
ages. The LV size showed aggressive movements but barely any filling.
His IVC was fairly flat, showing the severity of the hypovolemia (despite
the tamponade), as well as how the GI losses and poor fluid intake has-
tened the development of tamponade. The size of the effusion shows it
had slowly accumulated.

BA

C

Figure 27.14A. Pericardial effusion and tamponade (subxiphoid
[subcostal] [SX]). Note low RV volume and a flattened thin-walled RA.
B: Pericardial effusion with tamponade (A4 diastolic phase). This patient
had shortness of breath and a cough for several weeks despite outpatient
antibiotics. Chest x-ray showed an enlarged heart with mild pulmonary
congestion. On examination, the patient was hypotense without hypoxia.
No jugular venous distension but rales throughout the lungs. The spe-
cialist drained over 3 L of fluid. C: Pericardial effusion and tamponade
(A4 systolic phase). LV ejection fraction was poor.

Figure 27.15. Schematic diagram illustrating a dilated heart in cardio-
genic shock.
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A B

Figure 27.16A and B. Cardiomyopathy on parasternal long axis (PSLA). Movements are estimated at left ventricular ejection fraction (LVEF) of
40% − moderately depressed. (Normal to hyperdynamic LVEF: 55%−75%; moderately depressed LVEF: 30%−55%; depressed LVEF: <30%.)

Figure 27.17. Pleural effusion. Loss of normal lung sliding of the pari-
etal pleura over visceral pleura.

Figure 27.19. Pleural effusion. Normal hepatorenal space without
appreciable fluid in either Morison’s pouch or at the inferior pole of the
kidney.

Figure 27.18. Pleural scar. Comet tail artifact is maintained in the area
without scar.
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Figure 27.20. Algorithm for assessing cardiac related causes of hypotension.

Figure 27.21. Myocardial infarction (A4). The apical and septal seg-
ments seen in this apical window showed thin and akinetic segments
of the septal and apical walls of the LV. The region is also curved with a
rightward bulge. The findings were consistent with an old myocardial
infarction with subsequent ventricular aneurysm formation. There was
thrombus in the LV. The RV is normal size and contour, with the usual
tapering toward the apex of the heart. This patient had a complaint
of dizziness and shortness of breath, and was found to be hypotensive
and hypoxic with bilateral rales. The ECG showed 4-mm elevations of
the ST segments in the precordial leads.

Figure 27.22. Dilated cardiomyopathy (A4). No RV strain pattern (RV
is smaller than the LV), and the heart showed very poor systolic LV func-
tion. No pericardial effusion. The chamber sizes are neither dilated nor
thickened or empty. Patient presented with dyspnea and hypotension.
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Figure 27.23. Pneumonia (SX). Markedly enlarged RA, normal RV
size, and a low LV size and function. This patient was intubated soon
after arrival in the ED for severe respiratory distress and worsening
hypoxia. Chest CT ruled out significant PE. The hyperinflation of the
lungs was consistent with chronic obstructive pulmonary disease.
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Figure 27.24. Algorithm for assessing cardiac chamber sizes.
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A

B

Figure 27.25A. RV dilation. Ventricular septal wall shift is seen
with bowing of the midsection of the septal wall into the LV.
1) Dyskinesis of a previously infarcted septal wall, 2) septal wall
infarction in the setting of preexisting RV strain, or 3) an acute
severe RV infarction. Preexisting or chronic RV strain would usu-
ally lead to RV hypertrophy and septal wall leftward shift. The
normal RV:LV ratio of the heart is less than 0.6. The RV in this
scan is larger than the LV (RV:LV diameter ratio >1.0) in diastole.
Sonographic findings in RV strain:RV dilation, a leftward septal
shift, the absence of RV hypertrophy, good LV contractions, large
IVC diameter, and poor respiratory variation (IVC plethora: see
Fig. 4). B: RV strain (SX). Thick LV with an enlarged RA and
widened RV. Stuttering contractions of the LV caused inadequate
cardiac output. Patient presented with atrial fibrillation. With
adequate anticoagulation already present, ventricular rate con-
trol leads to an improvement in clinical condition. Look for LV
disease/dysfunction even if you see RV strain.

Figure 27.26. PE. RV dilation (PLA) during diastole. The overall left
atrium (LA) and LV size and appearance are normal. The right-sided
intraventricular pressure on the intraventricular septal wall is not suf-
ficiently increased to overcome the left-sided pressures. The septal wall
is not deviated toward the LV. The RV is thin.

Figure 27.27. RV dilation (PLA systolic phase). Compare the RV size
to that of the LV (measured at the level where the mitral leaflets touch).
The RV is dilated and larger than the LV.



Figure 27.28. PE with significant RV dilation (long arrow) (PSA) view.
The LV is markedly compressed (short arrow) due to the bulge of the
septum into the LV. Note that the RV side of the septum is flatter
than in Figure 27. The patient presented with severe dyspnea, hypoxia,
tachycardia, and hypotension. Chest CT showed a large PE.

Figure 27.30. Hypovolemia (SX). Heart chambers are difficult to dis-
tinguish because the endocardial surfaces are very close together. The
heart became hyperdynamic, but poor filling volumes led to a very low
cardiac output. This patient presented with severe GI bleeding com-
pounded by warfarin toxicity.

Figure 27.32. Diagram illustrating relation of diaphragm, heart, and
liver in the subcostal 4-chamber view.

Figure 27.29. RA clot (SX). The mass may be a tumor, but in
the setting of acute dyspnea, hypotension, and hypoxia, a clot
in transit is more likely. This is an uncommon sonographic
finding. Note there is no RV dilation. Image courtesy of Chris
Moore, Yale University, New Haven, CT.

Figure 27.31. Ventricular standstill (SX). Clotted blood has
a swirling, smoky appearance. Intraventricular blood has
the same echogenicity as the ventricular myocardium. The
swirling motion may be due to the presence of valve despite
ventricular standstill. Ventricular standstill is associated with
100% in-hospital mortality. On a still image, the clotting blood
may appear similar to the myocardium.

Figure 27.33. IVC plethora (SX longitudinal view). Minimal res-
piratory variation in IVC diameter. Note the pericardial effusion
(short arrow) between the RA and the diaphragm, as well as the
dilated hepatic veins branching off of the proximal IVC. No col-
lapse of IVC during inspiration or on sniff test means elevated
CVP. This may be found in cases of pure tamponade, massive PE,
RV infarction, and congestive heart failure.

379
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A B

Figure 27.34A. IVC (SX longitudinal view inspiratory phase). Note the respiratory variation in diameter. The normal caval index is usually about
40% or 0.4. Too much probe pressure can falsely narrow or even completely flatten the IVC. B: IVC (SX longitudinal view expiratory phase).
Compare the diameter during routine inspiration. IVC less than 1.5 cm with >50% inspiratory collapse has a CVP 0 to 5 mmHg. IVC diameter
between 1.5 and 2.5 cm with >50% respiratory variation has a CVP of 5 to 10 mmHg. Larger IVC sizes of 1.5 to 2.5 cm with <50% respiratory
variation tend to have a CVP of 10 to 15 mmHg. IVC plethora: Diameter <2.5 cm and very little respiratory variation corresponds to CVP of 15
to 20 mmHg.

A B

Figure 27.35. Hypovolemia (SX longitudinal view). Make measurements about 2 to 3 cm away from the IVC/diaphragm juncture. The
proximal IVC was a maximum of 0.5 cm, with complete collapse on the patient’s inspiratory efforts. The caval index is nearly 1, suggestive
of low right atrial pressures or CVPs.
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Figure 27.36. Algorithm for assessing cardiac related causes of hypotension.

Figure 27.37. LV hypertrophy (PLA diastolic phase). Septal and pos-
terior walls are each more than 2 cm thick.

Figure 27.38. Compared to the previous image, this heart has a more
pronounced cardiomyopathy with thicker walls and more pronounced
septal hypertrophy and, hence LV, outflow tract obstruction. Note
the small LV. The small pericardial effusion is clinically insignificant.
There are multiple types of cardiomyopathies that may present with
chest pain, palpitations, arrhythmias, syncope, and dyspnea. Diffuse
LV hypertrophy, isolated subaortic septal wall thickening, and dilated
thin walls are just a few examples of cardiomyopathy. This patient is
preload dependent and chest pain arrhythmia treatment may involve
more fluid, beta-blocker use, cardiac catheterization, cardioversion,
or avoidance of nitrates. It depends on the clinical scenario and the
dynamics witnessed on real-time 2D scanning.
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Figure 27.39. Abdominal free fluid. In this view of the right upper quadrant of the abdomen, note that free
fluid surrounds most of the contracted liver, the lobulated appearance of bowel loops, and the fluid between
the inferior pole of the kidney. This image can belong to several patients, including the blunt abdominal
trauma victim, a female of childbearing age with abdominal pain and near syncope, and the elderly male
with abdominal pain radiating to the back. The contracted liver suggests to the clinician that there may be
preexisting portal hypertension and ascites. The free fluid may not be due to internal hemorrhage.

Figure 27.40. Ectopic pregnancy. Transvaginal coronal view of the right adnexa confirms a fetal pole with yolk sac outside the uterus.
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Figure 27.41. Algorithm for assessing pulmonary related causes of instability as it relates to pneumothorax.

Figure 27.42. Normal lung M-mode characteristic seashore sign. Real time shows characteristic lung sliding and
comet tail artifact. A lines are present.
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Figure 27.43. Algorithm for assessing pulmonary related causes of instability as it relates to pulmonary edema.

Figure 27.44. Lung point sign is shown on this M-mode tracing as a transition between the granular wavy pattern
of sliding pleural surfaces (seashore sign) and smoother linear lines of the separated pleural surfaces seen in
pneumothorax, mainstem intubation, pleurodesis, and other disorders.
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A B C

Figure 27.45A. Seashore sign on M-mode at the pleural line of the right anterior chest scan. B: No pleural sliding is evident at the left anterior chest
M-mode scan. C: A very large left-sided pneumothorax was seen on the chest x-ray. There will be no lung point sign on ultrasound.

Figure 27.46. Fluid is seen above the pleural line, but within the anterior chest wall. The pleural line slides. This
was a patient with complications after coronary artery bypass graft.
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Figure 27.47. Massive pleural effusion. The probe placed on the anterior chest wall displayed
an unusually good acoustic window. The heart was discovered on the right parasternal
window. Note that the depth of the pleural effusion was 20 cm when measured in the
anteroposterior plane. The vertebral body is shown in the posterior midline. Lungs and
heart were displaced to the right hemithorax. The patient was being scanned for several
reasons: the low voltages on ECGs, absent breath sounds on the left lung fields, hypoxia, and
borderline hypotension.

Figure 27.48. Algorithm for assessing aortic related causes of instability.
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Figure 27.49A. Thoracic aortic dissection (TAD). Mobile intimal flap is distal to the AV opening in the sinotubular region of the
LVOT. The separated aortic layers are seen in cross-section, and the loosened intimal layer appears as a thin echogenic line (short
arrow). The separation of the medial layer from the intimal layer created the false lumen (anechoic region). The false lumen widens
and flattens, and its movements are distinguished from the regular opening and closing of the AV leaflets. A small pericardial effusion
is seen between the RA and liver. The patient presented in shock with sudden chest pain migrating to the abdomen and left leg, which
was pulseless. B: TAD. Anterograde dissection from the thoracic to the abdominal aorta, with the left iliac artery then occluding the
left femoral artery. The pericardial effusion suggests the release of blood as it tears through the adventitial layer in retrograde TAD.

BA

Figure 27.50A. TAD (PLA). Mobile intimal flap at the proximal LVOT. The intimal tear site and loosened intimal surface become a raised flap that
looks a sheet of tissue. B: LVOT close-up shows an aortic intimal flap raised “en face” toward the viewer. The flap is immediately distal to the AV
leaflets.
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Limitations

TAD is challenging to rule out and rule in using TTE alone. TEE,
CT, MRI, and aortography are all superior. TTE does not visual-
ize the entire ascending aorta, only the first few centimeters, and

Figure 27.51. Normal thoracic aortic arch (longitudinal view). The
echogenic apex of the arch is the echolucent curved band. Sections
of the ascending aorta (AAO) and Dao are similar in diameter. (See
abnormalities of aortic arch in Figs. 27.52 and 27.53.)

Figure 27.53. Distal TAA (suprasternal view). Normal AAO and arch
(long arrow). The Dao shows a sudden dilation (short arrow). This
patient walked into the ED triage area and collapsed after saying he
was having chest and back pain. His complaints were likely due to a
ruptured TAA.

does not view the thoracic aortic aneurysm (TAA) and descend-
ing aorta well. The diagnostic yield is increased if TTE is used in
combination with the suprasternal approach, but it still should
not reliably rule out a TAD.

Figure 27.52. TAA. The aorta dilates as it ascends, including the top
of the arch. The thoracic aorta tapers to normal as it descends from
the arch. The patient presented with chest pain but had a normal ECG.
Chest CT of her thorax confirmed the aneurysm extending from the
LVOT to the aorta arch.

Figure 27.54. Schematic diagram with probe
placed in the suprasternal notch. Normal AV and
normal LVOT (PSA).
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Figure 27.55. TAA (PLA). Note dilated LVOT (>4 cm diame-
ter). The right ventricular outflow tract and LA are located ante-
rior and posterior, respectively, to the centrally located LVOT
and the AV. The patient presented with sudden onset of back
pain, mild chest pain, and deteriorating mental status.

Figure 27.57. Aorta in cross-section showing the intimal flap
between the true and false lumina. Image courtesy of Leslie
Davidson, Consultant Histopathologist, The General Infirmary,
Leeds, England.

Figure 27.59. Abdominal aortic aneurysm (AAA) with throm-
bus (transverse view). Two channels (at 5-o’clock and 7-o’clock
positions) are noted within the large thrombus and occupy most
of the aorta. The aorta is >5 cm in diameter. The IVC is situated
between the aorta and the prominent vertebral body shadow.

Figure 27.56. TAA. Rapid widening of the LVOT (>6 cm) after
the AV. A normal LVOT on transthoracic cardiac scanning does
not rule out a TAD or TAA.

Figure 27.58. Abdominal aortic dissection (transverse view).
The intimal flap’s movement is different from the aortic pulsa-
tions. The aorta is not dilated at this level. This patient presented
in shock after the sudden onset of chest pain that migrated down
to her abdomen then to her left leg. Although the patient’s pulse-
less and painful leg was a major concern, the presence of a peri-
cardial effusion and an intimal flap in the proximal ascending
thoracic aorta prompted emergent surgical intervention.
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Figure 27.60. AAA with thrombus (longitudinal view). Seventy-five
percent of the true aortic lumen is filled with thrombus. The remaining
lumen may be mistaken for the entire aorta.

Figure 27.62. Superior mesenteric artery (SMA) thrombus seen on long view of aorta and SMA. An IVC thrombus is also seen on the transverse
view. The patient’s severe abdominal pain − with no abdominal tenderness − was due to mesenteric ischemia. She had no leg swelling, pain, chest
pain, or dyspnea before going to the operating room. Due to a misunderstanding, she had stopped taking her warfarin for her atrial fibrillation.

Figure 27.61. AAA with thrombus (transverse view). A thrombus is
attached to the inner anterior and lateral walls. The patient presented
with the abrupt onset of abdominal pain, diaphoresis, and near syn-
cope. The cardiac ultrasound revealed a partially empty heart, normal
cardiac contractions, and no fluid in the pericardial, pleural, and peri-
toneal spaces.
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Figure 27.63. Bowel obstruction. Dilated loops of bowel with promi-
nent haustral markings. The patient presented with hypotension,
abdominal pain, and lethargy. The abdomen was distended, tense, and
diffusely tender.

Role of Sonography in Sepsis

Appendicitis

Gallbladder

Figure 27.65. Appendicitis; connects with cecum and distal blind loop. Features: Lack of peristalsis (compare to adjacent
bowel); edematous wall thicker than 3 mm; diameter >6 mm; noncompressible; and may have a fecalith with shadowing.

Figure 27.64. Pancreatitis. Markedly enlarged and heterogeneous
pancreas: with visible internal calcifications and small cysts.

Figure 27.66. Acute cholecystitis. Thick-
ened gallbladder wall with air and a stone.
The patient presented with hypotension
and laboratory white blood cell count of
38,000.
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Figure 27.67. Pneumonia with effusion. The lingual lung tissue is visualized as a wedge-shaped structure that is surrounded by a small hypoechoic
effusion. Courtesy of Fernando Silva, Porto Alegre, Brazil.

Figure 27.68. Pneumonia. A heterogeneous collection of internal
echoes within the lung parenchyma is a pattern typical for pneumonia
on 2D mode.

Resuscitation Procedures Using Ultrasound

Vascular Access

Figure 27.69. Renal calculus with hydronephrosis. Unilateral enlarged
kidney and large stone with prominent shadowing consistent with a
staghorn calculus and urinary tract-provoked sepsis. This patient had
a high fever, uroseptic shock, and extreme lethargy.

Figure 27.70. Central access (transverse view, right internal jugular).
Note tenting of the venous vascular wall and ring-down artifact from
the entering needle. The thicker-walled and noncompressible carotid
artery (CA) is medial and deeper.
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Figure 27.71. Internal jugular vein (IJV) cannulation/access is unlikely
to be successful in this patient with a flat IJV, even with Valsalva maneu-
ver and Trendelenburg position. The IJV is imperceptible and inacces-
sible. Attempts at this site will lead to the puncture of the carotid artery.

Figure 27.73. Transvenous pacer wire insertion is confirmed as an
echogenic line entering the RV and touching the apex of the RV endo-
cardium.

Pacemaker Insertion

Figure 27.72. Normal CA (longitudinal view).
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CT in the ED: Special Considerations

Tarina Kang and Carrie Tibbles

Emergency physicians are accustomed to routinely obtaining
CT scans to evaluate many types of patients in daily practice,
including those with abdominal pain, neurological complaints,
and chest pain. However, we are often faced with particular
patients where the ordering of a CT scan is not straightfor-
ward and even potentially harmful for the patient. This chapter
focuses on some of those circumstances common in everyday
practice. The first section reviews the renal effects of radiologi-
cal contrast media and pretreatment options in the patient with
underlying renal insufficiency. Next, a systematic approach to
the patient who has a history of a reaction to contrast is dis-
cussed. Finally, because a patient receives significantly more radi-
ation with a CT scan than a plain x-ray, we review some guide-
lines for ordering diagnostic imaging and CT scans in pregnant
patients.

RADIO GRAPHIC CONTRAST-INDUCED
NEPHROPATHY

Radiographic contrast-induced nephropathy (RCIN) is a signifi-
cant complication in at-risk patients who receive IV contrast dye.
RCIN is the third most common cause of hospital-acquired renal
failure, after surgery and hypotension (1). RCIN is associated
with prolonged hospitalizations, with up to a 36% in-hospital
mortality and 19% 2-year survival (2–4).

Because creatinine clearance measurements (glomerular fil-
tration rates) are not practical or cost effective due to time con-
straints in an acute care setting, isolated serum creatinine levels
are used to measure renal function. Most research studies define
RCIN as an increase in serum creatinine by 25% or 0.5 mg/dL
within 48 hours after an IV contrast load (5–7).

EPIDEMIOLO GY AND RISK FACTORS

Several studies have defined who is at risk for RCIN. Under-
lying renal insufficiency and long-standing diabetes are the
most important risk factors. Patients are at increased risk
if they have more than one risk factor. These are listed in
Table 28.1.

Table 28.1: List of Risk Factors That Predispose Patients to
RCIN

■ Renal insufficiency
■ Long-standing diabetes mellitus
■ Hypovolemia
■ Age older than 55 years
■ Proteinuria
■ Multiple myeloma
■ Patients taking metformin
■ Patients on nephrotoxic drugs

Adapted from refs. 6 and 7.

SPECIAL CONSIDERATIONS

Pregnant and Breastfeeding Women

Special considerations should be made for pregnant or lactating
women who require IV contrast media. In 2005, the Commit-
tee of European Society of Urogenital Radiology (ESUR) per-
formed a literature search concerning the use of contrast media
in pregnant and lactating women. There is a theoretical risk
of fetal/neonatal thyroid depression because contrast molecules
are small in size and therefore cross the placenta, and are also
excreted in breast milk. However, mutagenic and teratogenic
effects have not been found with the use of iodinated contrast
media. Although it is always important to consider the clinical
necessity when ordering imaging studies with contrast in preg-
nant patients, it is considered generally safe to give contrast media
in all trimesters of pregnancy (8). Some centers instruct preg-
nant women to discard breast milk for 12 to 24 h after receiving
IV contrast, but this precaution is likely not necessary (9).

Patients with Multiple Myeloma

Patients with multiple myeloma and underlying renal insuffi-
ciency may be particularly predisposed to RCIN (10). Dehydra-
tion, hypercalcemia, infection, and Bence Jones proteinuria were
found to be the predominant risk factors for acute renal failure
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Table 28.2: Ionicity and Osmolality of Different Contrasts

Name Type Iodine Content Osmolality

Ionic Diatrizoate (Hypaque 50) Ionic monomer 300 1,550 High
osmolarMetrizoate (Isopaque

Coronar 370)
Ionic 370 2,100

Ioxaglate (Hexabrix) Ionic dimmer 320 580 Low osmolar
Nonionic Iopamidol (Isovue 370) Nonionic monomer 370 796

Iohexol (Omnipaque 350) Nonionic 350 884
Optiray Nonionic 350 741
Iopromide
Iodixanol (Visipaque 320) Nonionic dimmer 320 290 Isoosmolar

Courtesy of the Beth Israel Deaconess Medical Center, Department of Radiology, Boston.

in these patients. RCIN may be avoided if the patient is well
hydrated prior to injection of contrast media, and these patients
should have close clinical follow-up after the study.

Patients with Diabetes Mellitus on Metformin

Noninsulin-dependent diabetics who are taking metformin are
also a high-risk group to receive IV contrast media. Metformin
is a biguanide that is primarily excreted by the kidneys. Patients
with high levels of metformin are at risk for developing lac-
tic acidosis; therefore, this drug should not be used in patients
with renal insufficiency. Because contrast media can induce or
worsen renal insufficiency, it may cause increased serum levels
of metformin and subsequent lactic acidosis (9). Patients who
are taking metformin should be instructed to stop taking met-
formin for 48 h following the administration of the contrast, and
it is important to pay close attention to hydration status in these
patients (11).

Contrast Dye

Specific properties of the contrast also increase the risk of devel-
oping RCIN. The early, or first-generation, contrast medias had a
high ionicity and osmolality (>1,500 mOsm/kg), and in general,
these contrast dyes are higher risk (12). Nonionic, low osmo-
lar solutions have largely replaced these earlier versions (13).
Large-volume injections and repeated doses of contrast are also
associated with a higher incidence of RCIN. Table 28.2 lists the
common contrast agents used in clinical practice.

PREVENTION OF CONTRAST-INDUCED
NEPHROPATHY

Hydration Therapy

Prehydration with IV fluids has been shown to be the most effec-
tive intervention to prevent the development of contrast-induced
nephropathy. Currently, it is believed that hydration alone with
isotonic saline is of the most clinical benefit when given 12 h
before and 12 h after (14,15). In 2003, Trivedi et al. showed
that the incidence of RCIN in patients who were given a specific
pre- and posthydration regimen was significantly lower than in
those who were allowed to drink freely (16). Unfortunately, this
extended time period is not realistic in the ED. Other studies have

shown that patients benefit from prehydration in a shorter time
period (17). Normal saline is typically used. In 2002, Mueller et
al. performed a large randomized study, which concluded that
normal saline is more effective than half normal saline at reduc-
ing the incidence of RCIN (18). Studies have also demonstrated
that sodium bicarbonate is effective in preventing RCIN, and
there is some evidence to suggest that it may be more effective
than isotonic saline (17,19).

N-Acetylcysteine

Another prophylactic strategy that has been studied is the use of
N-acetylcysteine (NAC) (20). NAC is a precursor in the produc-
tion of the antioxidant glutathione and is believed to reduce the
oxygen-free radicals that cause nephrotoxicity. However, despite
many trials and subsequent metaanalyses, the efficacy of NAC
in preventing contrast-induced nephropathy is not clear (21).
The use of NAC may be justified due to the favorable side effect
profile and low cost. In the ED, however, NAC has a very limited
role because it must be given several hours prior to the study to
be effective.

Other prophylactic methods that have been studied, but have
not been well validated, are the use of diuretics, endothelin antag-
onists, adenosine, calcium channel blockers, prostaglandin E1,
and ascorbic acid. Table 28.3 lists a suggested regimen for pre-
vention of contrast-induced nephropathy. The ESUR published
a consensus document describing the prevention of contrast-
induced nephropathy (5). Identification of high-risk patients,
discontinuation of any nephrotoxic medications, adequate pre-
hydration, use of low or isoosmolar contrast, and avoiding
repeated doses of contrast are the most important steps clini-
cians can take to prevent contrast-induced renal insufficiency.

ALLERGIC-T YPE AND ANAPHYLACTOID
REACTIONS TO CONTRAST

Many patients will report an “allergic reaction” to contrast media.
These adverse reactions vary from minor skin reactions, to
rarely, more severe, anaphylactoid reactions, including bron-
chospasm and angioedema (22). These reactions are actually
considered allergic-type reactions, not true allergy, because con-
trast molecules are too small to act as true antigens, stimu-
lating an IgE response (9). Although a previous reaction to
contrast is the most important risk factor for a subsequent
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Table 28.3: Suggested Pretreatment for Patients Getting IV Contrast

Outpatients:

◦ Creatinine level between 1.3 to 1.6, oral hydration pre and post administration of Optiray 320 or 350.
◦ Creatinine level of 1.7 to 1.9, oral hydration patient pre and post administration of 100cc of Visipaque.
◦ Creatinine level over 2.0, IV hydration and Visipaque.
◦ For Renal Transplant and single Kidney patients:

■ Creatinine < 1.3 use Optiray & oral hydration
■ Creatinine > 1.3 to 1.6 or Rising use Visipaque & oral hydration
■ Creatinine > 1.6 use IV hydration and Visipaque

Inpatients:

◦ Creatinine level between 1.3 to 1.6, oral hydration pre and post administration of Optiray 320 or 350.
◦ Creatinine level of 1.7 to 1.9, IV hydration patient pre and post administration of Optiray 320 or 350.
◦ Creatinine level over 2.0, IV hydration and Visipaque.
◦ For Renal Transplant and single Kidney patients:

■ Creatinine < 1.3 use Optiray & oral hydration
■ Creatinine > 1.3 or Rising use Visipaque & intravenous hydration

Hydration Guidelines:
Oral

◦ 1 Liter of H20 by mouth before and after injection of contrast

Intravenous

◦ Contact the ordering Physician or House staff covering for hydration orders.
◦ 150mEq of Sodium Bicarbonate (typically dilute in one liter of D5W). Pre and post injection of contrast. Usually given for

one hour prior to contrast administration and for six hours after contrast administration. Guidelines: bolus 3cc/kg per
hour for 1 hour before injection of contrast, followed by 1 cc/kg per hour for 6 hours after injection (modifications may
be made for patients with renal failure/CHF)

◦ In addition to the above, encourage oral fluid intake if not on fluid restrictions.

Courtesy of the Beth Israel Deaconess Medical Center, Department of Radiology, Boston.

reaction, in reality, this is uncommon. Patients who are atopic
(i.e., have asthma, food allergies) or who have had other allergic-
type reactions are at higher risk for IV contrast reactions in gen-
eral (9). If a patient with active asthma develops bronchospasm
following IV contrast media, this typically resolves quickly with
beta-agonist.

Shellfish are a rich source of iodine. There is a common
misperception that patients allergic to shellfish should not receive
IV contrast. Iodine is an essential element; therefore, it is not

possible to be allergic to it (9). Patients with reactions to shellfish
are allergic to the muscular proteins found in shellfish, such as
parvalbumin (in scaly fish) and tropomyosin (in crustaceans).
On the same note, sensitivities to Betadine and other externally
used iodine-based solutions do not place patients at higher risk
for IV contrast dye reactions.

Even though the overall incidence of adverse reactions to
contrast media is low, some of these allergic-type reactions can
be severe and potentially life threatening, so it is important to

Table 28.4: ESUR Guidelines on Prevention of Generalized Contrast Medium Reactions in Adults

A. Risk factors for reactions
Previous generalized contrast medium reaction (moderate or severe)
Asthma
Allergy requiring medical treatment

B. To reduce the risk of generalized contrast medium reactions
Use nonionic agents

C. Premedication is recommended in high-risk patients (defined in A)
When ionic agents are used
When nonionic agents are used, opinion is divided about the value of premedication

D. Recommended premedication
Corticosteroids
Prednisolone 30 mg orally or methylprednisolone 32 mg orally 12 and 2 h before contrast medium
Corticosteroids are not effective if given less than 6 h before contrast medium
Antihistamines H1 and H2 may be used in addition to corticosteroids, but opinion is divided

E. Remember for all patients
Have resuscitation cart in examination room
Observe patients for 20–30 min after contrast medium injection

F. Extravascular administration
When absorption or leakage into the circulation is possible, take the same precautions as for intravascular administration
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Table 28.5: Measures of Radiation

Measure Unit SI Unit
Exposure Roentgen (R) Coulomb
Dose Rad Gy
Effective dose Rem Sv

be prepared to treat the patient with beta-agonists, steroids, and
antihistamine medications if such reactions develop (23).

There are a number of medications used to prevent allergic-
type reactions from IV contrast dye. A recent survey of radiolo-
gists found that most centers use corticosteroids alone or in com-
bination with an H1/H2 blocker (22). Because corticosteroids
are not effective for several hours, it is unclear if pretreatment is
useful in the ED setting, where patients have 1 to 2 h of prepara-
tion time prior to receiving a contrast study. Table 28.4 lists the
recommendations of the ESUR regarding prevention of adverse
reactions to contrast media (22).

RADIATION AND CT SCANNING

Diagnostic imaging, in general, exposes a patient to such a min-
imal dose of radiation that ED physicians often order multiple
imaging tests on the same patient without regard to the radiation
dose the patient receives. However, when a patient is pregnant
or very young, the radiation exposure is more concerning, and
the necessity of the imaging test must be balanced by the risk of
the dose of radiation. But what exactly is this risk?

Radiation Dose

X-rays are a form of electromagnetic radiation with sufficient
energy to ionize matter. In contrast to nonionizing radiation,
ionizing radiation can displace orbital electrons and results in
electrically charged ions in matter. The primary risk of this type
of energy is direct damage to DNA. A fetus with rapidly dividing
and differentiating cells is more sensitive to radiation effects, and
large doses of radiation can potentially lead to miscarriage, birth
defects, severe mental retardation, intrauterine growth retarda-
tion, or childhood cancers. However, diagnostic imaging studies
are well below this threshold. Ionizing radiation dose is com-
monly measured in rads (radiation-absorbed dose), which is
defined as the energy absorbed per kilogram of tissue. Other mea-
sures of radiation dose include the effective dose (rem), which
takes into account the biological effect of the radiation and the
sensitivity of the organ exposed. In the Systeme International
d’Unites (SI) classification system, 1 gray (Gy) = 100 rads and
1 sievert (Sv) equals 100 rem (Table 28.5) (24).

Risk in Pregnant Patients

The American College of Obstetricians and Gynecologists
(ACOG) has issued a committee bulletin statement that sum-
marizes general guidelines regarding diagnostic imaging during
pregnancy. In summary, a pregnant woman should be counseled
that x-ray exposure from a single diagnostic study does not result
in harmful effects to a fetus. Specifically, exposure to less than
5 rads has not been associated with an increase in fetal anoma-
lies or pregnancy loss (24). In a similar statement, the American
College of Radiology concluded that no single diagnostic x-ray
procedure results in radiation exposure to a degree that would

Table 28.6: Fetal Radiation Exposure of Common Diagnostic
Tests

Study Fetal Exposure

Chest x-ray 0.02–0.07 mrad
Abdominal x-ray (single view) 100 mrad
Lumbar spine x-ray (single view) 50–150 mrad
Hip x-ray (single view) 200 mrad
Extremity x-ray 0.05 mrad
CT of the head/chest <1 rad
CT of abdomen/lumbar spine 3.5 rad
CT of the pelvis 250 mrad

threaten the well-being of the developing preembryo, embryo,
or fetus. Thus, exposure to a single x-ray during pregnancy is
not an indication for therapeutic abortion (25). Table 28.6 lists
the fetal radiation exposure of common imaging tests in the ED
(24).

Therefore, as you can see from Table 28.6 most studies fall
well below the threshold of 5 rads, and a pregnant patient could
safely receive more than one study if needed. Other guidelines
from the ACOG Committee are summarized:

1. Concern about possible effects of high-dose radiation expo-
sure should not prevent medically indicated diagnostic stud-
ies from being performed on the mother.

2. However, when possible, during pregnancy, other imaging
procedures not associated with ionizing radiation (e.g., ultra-
sonography, MRI) should be considered.

3. Consultation with a radiologist may be helpful in calculat-
ing estimated fetal dose when multiple diagnostic x-rays are
performed on a pregnant patient.

4. The use of radioactive isotopes of iodine is contraindicated
for therapeutic use during pregnancy (24).

Fluoroscopy procedures should also be limited if possible
because these are associated with a higher radiation exposure to
the fetus.

CONCLUSION

In patients with renal insufficiency, diabetes, adverse reactions
to contrast, and pregnancy, CT scans are not completely without
risk. A careful consideration of these risks balanced with the
clinical benefits of the diagnostic study should guide clinical
decision making when considering CT scans in these patients.
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CT of the Spine

Michael E. R. Habicht and J. Christian Fox

CT of the spine is becoming one of the most common studies
in the modern ED. Typically, CT is more sensitive than plain
film for many pathologies, less expensive and faster than MRI,
and usually available at all hours of the day. With new multislice
helical scanners in many EDs, it is possible to get a complete scan
with multiple protocols in less than 15 min door to door. This
has obvious advantages over taking multiple plain films of the
head, neck, chest, spine, and abdomen. Although the fixed cost
of a CT scan is more expensive, a single trip to CT may save time,
decreasing nursing and technologists’ costs over multiple plain
films with multiple trips to radiology (1). More importantly, CT
yields a faster and more accurate diagnosis, leading to increased
patient safety and satisfaction.

CLINICAL INDICATIONS

Trauma is one of the most common presentations to the ED
that indicates the use of spinal CT to rule out, confirm or fur-
ther evaluate injury. There are very well-established protocols
that should be followed before resorting to the use of imaging to
evaluate injury in the trauma patient. The National Emergency
X-Radiography Utilization Study was conducted to evaluate the
need for radiographic images in trauma patients with suspected
mechanisms of spinal injury (2). This large multicenter study
used clinical protocol to evaluate the likelihood of a C-spine
injury that would mandate further studies with C-spine plain
films. The study group discovered that if the patient met certain
criteria, no further radiological study was indicated. Another
study with similar goals, but altered clinical criteria, is the Cana-
dian C-Spine Rule (3). Both are fairly simple to follow and give
the clinician guidelines to direct the next step in imaging (see
Chapter 5, Tables 5.2 and 5.3).

Traditionally, if patients do not meet these criteria, plain
film of the cervical spine is indicated with three views: odon-
toid (open-mouth), lateral, and anteroposterior. Further studies,
which include oblique views, lateral view in flexion, and lateral
view in extension, might be useful if the initial studies are equiv-
ocal. The addition of a swimmer’s view is required if the region
from C7 to T1 is not visible. Classically, only if it is impossible
to view the C7-T1, odontoid, or the cranial-C1 junction due to

body habitus or patient’s limited range of motion, is a CT of the
region indicated (4). If plain film does demonstrate an abnor-
mality, CT is indicated to clarify the extent of that injury and
search for other occult injuries (5).

There is considerable controversy regarding this classic C-
spine workup. Several studies have shown that CT is more sen-
sitive than plain film in detecting clinically significant fractures
and suggest that CT should replace plain film as the standard
of care. Plain films are only 70% sensitive in some studies com-
pared to greater than 99% for CT, with plain films missing some
unstable fractures leading to poor outcomes (1,6). In particular,
CT is more sensitive than plain film at visualizing bony intrusion
into the spinal canal, small retropulsed fragments, and ligamen-
tous and disc injury, and at providing information for possible
procedures or surgical intervention. Many clinicians are forgo-
ing plain films completely, using CT as the initial imaging of
the spine (6–9). A few studies even suggest that, with appro-
priate reconstructions in modern helical scanners, it is possible
to view the chest, abdomen, thoracic, and lumbar spine in one
pass, reducing costs and even reducing radiation exposure by
eliminating multiple plain films and repeated CT scans (10).

Along with trauma, CT is a valuable tool in assessing other
spinal pathologies. Back pain is a common presentation to the
ED, and CT is indicated in only a few of these cases. Nearly
95% of lower back pain is musculoskeletal in nature and com-
monly resolves with physical therapy, rest, and antiinflammatory
medication. However, the remaining 5% deserve a workup that
includes CT of the spine (11). These include cauda equina syn-
drome, spinal stenosis, perispinal infection or abscess, radicu-
lopathies, and cancer metastasis.

An absolute indication for imaging of the spine is a history
that includes a combination of back pain with a history of cancer,
even if distant (11). Relative indications include a history of back
pain with osteoporosis or injection drug use. Any patient who
presents to the ED with sudden onset neurological deficits not
related to stroke deserves a workup that includes imaging of the
spine.

CT is also indicated whenever detailed imaging of the spine
is required but MRI is contraindicated. This is commonly due
to known ferromagnetic material or sensitive electronics such as
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steel implants or pacemakers. Lead is not magnetic, so a gunshot
wound is not a contraindication to MRI; however, an unknown
foreign body consistent with metal is a relative contraindication
to MRI. One option in such cases is a CT myelogram. This is
becoming a rare study due to the capabilities of modern MRI. By
injecting contrast into the subdural space prior to CT, it becomes
possible to visualize the outline of the spinal cord, nerve roots,
and cauda equina. The process of CT myelogram is similar to a
lumbar puncture with similar risks and is only useful in the lower
spine because it is best to avoid allowing contrast to enter the
cranial space and the availability of safe injection sites is limited.

DIAGNOSTIC CAPABILITIES

The best use of CT is visualization of bony lesions. The high con-
trast of bone to the surrounding soft tissue and the computer-
generated coronal, sagital, and even 3D reformatting allows for
extremely detailed views of what would otherwise be obscured
on plain films. Less dense tissue lesions are more subtle on CT,
but a well-trained radiologist should be able to visualize disc
herniation, stenosis of the spinal cord, bony erosion from infec-
tion, or cancer with approximately equal sensitivity as MRI (11).
Ligamentous injury, cord injury, infections such as discitis or
paraspinous infections, and muscle strains or sprains are best
visualized with MRI. If a patient clearly demonstrates focal neu-
rological impairment such as loss of reflex, sensation, or motor
deficits, MRI with CT is indicated as the initial evaluation to
visualize the extent of soft tissue and spinal cord involvement
along with any bony lesions (11,12).

Table 29.1 shows the estimated sensitivity and specificity of
a variety of imaging modalities in the lumbar region (11).

PITFALLS

In today’s litigious environment, clinicians image patients to
confirm a suspicion of what they already believe is a clinically
insignificant finding. It is important to keep in mind that CT is
not a harmless study. The risk of future cancers is often ignored
in favor of confirming clinical observations. There is significant
radiation exposure with one complete image of the spine, and
the risk of radiation-related thyroid cancer is not insignificant
(2,13). If the patient is stable and can wait for another study such
as MRI, lower radiation plain films, or clinical reevaluation, this
may save the patient radiation exposure and reduce hospital and
patient expenses.

Time is critical in trauma victims, and it is often tempting
to rush a patient to the scanner when the operating room or
continued resuscitation is required. Transport to a remote scan-
ner where the patient can only be viewed from several yards away
behind protective glass is contraindicated in a patient with unsta-
ble vitals and is associated with a poor outcome if the patient
should suddenly decompensate. CT scans also require the patient
to remain motionless for long periods, which may be impossible
for an altered trauma victim. This leads to aggressive sedation,
which carries risks that could be avoided with other imaging
modalities such as bedside plain films. Appropriate clinical judg-
ment is required prior to sending the patient to the scanner (13).

CT is exactly as its name implies – a mathematical approxi-
mation of the multiple densities seen as the x-ray beam rotates
around the patient. If the data entered into the equation have
large gaps, the approximation becomes less accurate and can
miss fractures. Most institutions have specific criteria on how
to capture spine images and that should include a maximum

Table 29.1

Technique Sensitivity Specificity

Plain radiography

Cancer 0.6 0.95–0.995

Infection 0.82 0.57

Ankylosing spondylitis 0.26–0.45 1

Computed tomography

Herniated disc 0.62–0.9 0.7–0.87

Sterosis 0.9 0.8–0.96

Magnetic resonance imaging

Cancer 0.83–0.93 0.90–0.97

Infection 0.96 0.92

Ankylosing spondylitis 0.56 1

Herniated disc 0.6–1.0 0.43–0.97

Sterosis 0.9 0.72–1.0

Radionuclide

Cancer

Planar imaging 0.74–0.98 0.64–0.81

SPECT 0.87–0.93 0.91–0.93

Infection 0.90 0.78

Ankylosing spondylitis 0.26 1.0

slice thickness of 2 to 3 mm for the spine. Images captured at
5 mm slices can miss up to 75% of fractures (4). This is important
when doubling the use of a chest or abdominal CT for thoracic
and lumbar spine images. Frequently, chest and abdominal views
have protocol for larger slice thickness, and only modern helical
scanners can reformat these data appropriately for viewing the
lumbar and thoracic spine (10).

It is easy to dismiss symptoms when the event history is not
traumatic or typical for a spinal column injury. However, even a
minor trauma, light lifting, or an occult event can cause severe
spinal pathology in select patients. Presentations that combine
back pain and a history of cancer are an absolute indication for
imaging of the spine. It is simple for a patient to fail to mention a
distant history of a “cured” cancer or a chronic condition such as
osteoporosis, and it is the clinician’s duty to complete a detailed
history in every case to determine if imaging is indicated. Con-
versely, a false sense of security can come from a negative CT
image of the spine in the face of clinical symptoms. Back pain
can be the initial presentation in abdominal aortic aneurysms,
pyelonephritis, renal stones, and pancreatitis, but these patholo-
gies may be missed with selective spinal imaging. Pathologies
that involve the cord alone, such as spinal shock or multiple scle-
rosis, often have a negative CT, but are easily visualized on MRI.
Guillain-Barré syndrome may have negative imaging on both CT
and MRI, and requires a thorough history and clinical suspicion
(11,12).

The pediatric population presents a wide array of pitfalls
for the clinician when evaluating the spine. The pediatric pop-
ulation on the whole has a different pattern of spinal injuries
than adults and frequently requires a different imaging workup.
Dislocations and ligamentous injury are more common in the
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pediatric population; they can be occult on CT and require MRI
more frequently. They also present with multiple levels of injury,
and complete imaging of the spine is indicated if injury is found
at any level of the spine (14).

Because the NEXUS criteria were developed primarily with
adults, any attempt to translate this to the pediatric population
should be done with caution. One recent study suggests that
use of the NEXUS criteria for the pediatric population is appro-
priate and 100% sensitive, provided that the patient is capable
of answering questions appropriately. This excludes any patient
younger than 2 years (15).

Spinal cord injury without radiological abnormality (SCI-
WORA) is an entity that is more common in the pediatric popu-
lation and, as its name implies, involves injury to the spinal cord
without evidence on plain film or CT. Typically, it presents 24 to
48 h after a trauma with a wide range of neurological dysfunc-
tions. It is believed to be related to the variable stretch between
the spinal cord and its surrounding structures. SCIWORA can be
treated with steroids but is only seen on MRI, therefore requiring
suspicion by the clinician (16).

CONCLUSION

CT images of the spine have become ubiquitous in the ED, and
justly so. CT is arguably the fastest, most cost-effective method
of imaging the spine and provides the most accurate informa-
tion for diagnosis, with the exception of some soft tissue or
spinal cord lesions. This is especially true for trauma patients
that require multiple studies in a short period of time. However,
when a clinician has access to a large powerful imaging hammer,
each pathology begins to look a lot like a nail. Correct clinical
judgment is required prior to sending a patient to the scanner
to avoid excess costs, radiation exposure, or adverse outcomes
from delayed transport to the operating room or resuscitation.

Currently, the American College of Radiology and Eastern
Association for the Surgery of Trauma (12,17) rate the three-
view plain film as appropriate or equal to CT of the cervical
spine, but numerous recent studies have called for a revision of
these guidelines. Evidence suggests that CT of the spine should
be the study of choice for suspected spinal column injury that
cannot be cleared clinically (6–9).

CLINICAL IMAGES

A

C

B

Figure 29.1A. Normal sagital view of the C-spine in
a 36-year-old female. The arrow is pointing toward
the normal prevertebral soft tissue thickness. A sim-
ple mnemonic to remember is 6 at 2 and 22 at 6; that
is, 6 mm of soft tissue at the level of C2 and 22 mm of
soft tissue at C6 is normal. B: Normal alignment of the
facet joints (arrow) on the right side in this sagital view.
C: Normal view of the basilar condyles, C1/2−dens
relationships. A significant portion of all spine injuries
occurs at this C1/2 level or at the C6/7 level, depending
on the type of injury and age of the patient.
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Figure 29.2. Normal axial view of the skull,
C1–dens relationship, with the arrow point-
ing to the dens or odontoid process of C2.

A

C

B

D

Figure 29.3A and B. Normal axial views of C3. A: Thin but intact cortical layer of the body of C3 (white arrow) and
spinal canal (black arrow). B: The biped spinous process (white arrow) is constant from C2 to C6. C1 has no spinous
process, and C7 has the largest, usually single-tipped, spinous process. The normal facet joint in axial view (black
arrow). C: Normal axial view of the superior portion of C6 (white arrow) and a small part of the inferior body of
C5 (black arrow). The less dense material between them is the disk space. D: Normal axial view of T1. Note the ribs
laterally. This indicates a complete study from the base of the skull to the T1−C7 interface.
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A

B

Figure 29.4A. Normal axial soft tissue view of the dens−C1 inter-
face using the bone view setting, which changes the computer
contrast. Unlike MRI, the CT scanner only makes one scan with
axial slices, and then the computer generates every image of the
region from that initial scan (B). It is important to note that the
important transverse ligament (arrow), like all ligaments, is not
ideally visualized with CT neither in the soft tissue view nor the
bone view. B: Normal axial soft tissue view of the dens−C1 inter-
face. Note that the prevertebral area and other soft tissues are
well visualized, whereas the bone lacks details and is completely
white.

Figure 29.6. 30-year-old female trauma victim with a type
2 dens fracture. This type of injury is unstable and associ-
ated with a fracture extending into the body of C2. Type 2
fractures are avulsions of the tip of the dens, and type 2 are
transverse fractures at the base of the dens. This fracture was
treated with external fixation with a halo. Type 1 fractures
are often stable, and type 2 or 3 fractures also require halo
traction or internal fixation.

Figure 29.5. “Hangman’s fracture.” This is a classic fracture
of the bilateral pedicles or posterior arch of C2 common with
hanging injuries. It is also seen in hyperextension and com-
pression injuries associated with trauma, such as an unre-
strained passenger hitting his or her head on a windshield,
which involves extending the head back and compressing it at
the same time. This is a highly unstable injury. The fracture
(arrow) involves the transverse foramen where the vertebral
arteries course. An angiogram is indicated in this patient.

A

B

Figure 29.7A and B. A 20-year-old male who suffered an abrupt
flexion of the neck in a fall where he hit his occiput, causing this
“clay shoveler’s fracture.” This injury occurs when the spinous
process is avulsed by the powerful supraspinous ligament. This
injury commonly occurs at the C7 level. The fracture (arrow)
is visible in both axial and sagital views. It is necessary to
confirm that the fracture only involves the spinous process
with CT because the patient will likely have tenderness in the
area; however, it is considered a stable fracture.
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Figure 29.8. Nondisplaced fracture through the right anterior ring
of C1, also known as a Jefferson’s fracture. Classically, this fracture
involves bilateral anterior or bilateral posterior arches of C1; however,
here we see only the anterior right arch (arrow). This type of injury is
associated with axial loading on the cranium that one might see in a
diving accident or in a blow to the top of the head.

Figure 29.9. A 32-year-old male who was thrown from his motorcycle
and sustained a C2 teardrop fracture (arrow). This type of injury is
associated with extreme extension injuries where the anterior ligament
remains in place and avulses the anterior inferior corner of the body of
the vertebrae. MRI is indicated to view the extent of the ligamentous
injury.

A

C

B

Figure 29.10. A 69-year-old male with history of rheumatoid
arthritis status post minor fall with C1/2 subluxation seen on
(A), where the displaced arch of C1 (arrow), which moved ante-
rior and superior, can be visualized. In (B), the normal location
of the dens is just posterior to the anterior arch of C1, but here it
has moved 6 mm posteriorly. In (C), the dens can be seen enter-
ing the foramen magnum, indicating the severity of this injury.
Movement of the dens without a fracture indicates injury to the
transverse ligament, but the only evidence seen on this CT is the
displaced C1/2. This type of ligamentous injury is more common
in rheumatoid patients and in Down syndrome, and is associ-
ated with shearing-type forces. An MRI is clearly indicated in this
patient to visualize ligaments and cord damage.
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A B

Figure 29.11A and B. A 36-year-old trauma patient. A: An incomplete x-ray that lacks a good view of the C7−T1
interface, but the pathology at the C4/5 with a subluxation of C4/5 level indicates immediate CT. B: The C4 facet is
now completely anterior to the C5 facet. This type of injury is a bilateral facet joint dislocation or “locked” facets.
The dislocation (white arrow) compared to the normal arrangement and 45-degree plane of the C5/6 facet (black
arrow) can be seen.

A

B

D

C

Figure 29.12A−D. A 40-year-old male who fell while intoxicated and riding a skateboard. A: A sagital reformat clearly shows
edema of prevertebral soft tissues anterior to C5/6/7 and a 4 mm anterolisthesis of C6 on C7 (white arrow). B: Pathology
with C6 “perched” on top of C7 at the left facet joint (arrow). C: A small disc protrusion at C4/5 just hinting at the severity
of the injury (black arrow). D: MRI of the same region shows the enhanced view of the soft tissue with protrusion into the
spinal canal (white arrow) and edema within the cord (black arrow) at the C6/7. There is also impressive edema/hemorrhage
of the extensor spinous musculature. Traction was applied for a long period before the joint was able to settle back into the
correct anatomical location.
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Figure 29.13. Multiple pathologies can be seen here. The inferior portion of C4 (thin
white arrow) is 12 mm anterior to C5, it has subluxed more than 50% of the width of
the vertebral body. Subluxation of 25% or greater of one vertebral body on another
is associated with unilateral facet dislocation. Greater than 50% is associated with
bilateral dislocation as seen here. C4 also has left pedicle fracture (thick white arrow),
C5 has a burst-type fracture of the body (thin black arrow), and both posterior arches
have multiple fractures (thick black arrow). Each pathology is associated with different
forces on the body that are possible in an extremely violent traumatic event. A burst-
type fracture is associated with a force oriented in the axial plain, such as landing on
top of the head in a fall or the blow of a blunt object. Facet dislocations are associated
with extreme flexion combined with a shearing force. This constellation of injuries is
highly unstable and the patient became quadriplegic from the shoulders down.

A B

Figure 29.14. A 52-year-old male trauma patient. No acute bony abnormalities were seen on (A), but when visualized with the soft tissue view
on (B), a C3/4 disc protrusion becomes obvious as it enters the spinal canal, possibly causing acute compromise of the cord at that level.

Figure 29.15. A 34-year-old male who landed on his head after a 12-ft
fall. A good CT of the spine will cover the region just superior to the
occipital condyle down to the C7−T1 interface. In this film, a skull
base fracture was discovered on C-spine imaging.

Figure 29.16. A 57-year-old female with obvious neck swelling
received a CT for suspicion of a neck abscess. CT revealed prevertebral
soft tissue swelling, but no focal collection of fluid can be seen.
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Figure 29.17. A 66-year-old female complaining of neck pain. She was
found to have degenerative disease, subluxation, and a mild kypho-
sis at C5/6, which together form cervical spinal canal stenosis (black
arrow). Note the almost total collapse of the intervertebral discs and
osteophytes (white arrow).

Figure 29.18. An 80-year-old male with a history of neck pain. Seen
here are C5 degenerative changes with bony protrusions into the spinal
canal likely causing his pain. These bony changes are similar appearing
to osteomyelitis, except that the soft tissue is notably not swollen in this
image. Note the intramuscular calcifications seen with normal aging
(white arrow).

A B

Figure 29.19A and B. Normal curve of the thoracic and lumbar spine
is seen in this bone and soft tissue view. This image of a young patient
shows none of the chronic changes of aging and has the normal lordosis
curve of the lumbar region, kyphosis of the thoracic, and lordosis of
the cervical spine. The patient was not straight on the table, leading to
midline imaging of the upper spine and slightly lateral images of the
lower spine.
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Figure 29.20. Normal coronal view. The normal curves of the
spine bring different parts of the spine into view with each cut
in this reformatted image. All bodies of the thoracic spine are in
view, whereas only the pedicles of L1 (arrow) and the spinous
processes of L4 and L5 are visualized. Note the motion artifact
in the right hemidiaphragm as the patient continued to breathe
during this scan.

A B

Figure 29.21A. Normal T1 vertebra showing the first pair of ribs meeting the vertebral body (arrow). B: Normal T5 vertebra showing a multitude
of joints: the rib joining the body of T5 (thin white arrow), the T5/6 facet (thin black arrow), and the rib joining the transverse process (thick white
arrow). The thoracic spine is a very complex structure with twelve joints on every vertebral body, except for T1 and T12, where there is no superior
or inferior rib joints.
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A B

Figure 29.22A and B. These two images are taken from an abdominal CT and zoomed into the spine region, providing an excellent view of the
lumbar spine. They are normal axial views in both soft tissue and bony views of L1. Note how well the anatomy of the region is highlighted in the
soft tissue view, which should never be ignored, even in a dedicated spine view.

A B

Figure 29.23. A 48-year-old female complaining of decreased rectal tone, urinary retention, and inability to ambulate after a minor fall. A: A bony
view of C6 showing that the body of C6 has lost density, and there is soft tissue swelling bilaterally (black arrows). Destruction of the bone cortex
has lead to intrusion of the spinal canal (white arrow). B: Spondylodiskitis at T6/7. Note the lower-density disk with a central black lesion and an
enlarged lymph node (arrow). This is a case of Pott disease or tuberculosis of the spine.
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Figure 29.24. A 14-year-old male gunshot victim with paraplegia from
the level of the nipples down. He has multiple T2 fractures that include
bony protrusion into the spinal canal (black arrow). Note the bright dot
and semicircle-like structure (white arrow). This is a chest tube draining
a medium-density substance or hemothorax.

A B

Figure 29.25A and B. A 67-year-old female with history of pancreatic cancer with lytic lesions of the thoracic spine. A: A coronal view clearly showing
black lesions in the intervertebral disks indicating air, which can be a normal sign of aging called “vacuum phenomenon.” B: A significant loss of
height of the T7 vertebral body with prevertebral swelling or mass (arrow). Although these could be normal signs of aging, the patient is young for
such severe degeneration, and with her history of cancer, this is metastatic disease until proven otherwise.
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Figure 29.26. A 44-year-old female with history of uterine
leiomyosarcoma with obvious metastasis to the spine involving the
right posterior T10 vertebral body, with multiple cortical destruc-
tions and complete loss of symmetry. Again, history of a primary
tumor with spinal lesions is metastatic disease until proven oth-
erwise.

A

B

C

Figure 29.27A. An 87-year-old female with severe kyphosis. B: An acute collapse of the T12 vertebral
body (white arrow). C: This appears to be a burst-type fracture with no intrusion into the canal. The
small crescent-shaped fleck (arrow) is not bone but the descending aorta with calcifications. This type
of injury is common in osteoporosis or metastatic disease of the spine, and frequently occurs at T12
or lower because these structures support the most weight. Frequently, these injuries occur with very
minor trauma or when the patient tries to lift a heavy object.
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Figure 29.28. A 56-year-old male with a history of lower extremity
numbness. Bilateral ligamentum flavum hypertrophy at L3 (tip of arrow)
can be seen causing stenosis and cauda equina syndrome. Also shown
is a compression fracture of the L4 vertebral body of indeterminate age.

A B

Figure 29.29. Patient with severe dextroscoliosis of the lumbar spine in coronal view obvious in (A). This pathology would be
obvious clinically, but the osteophytes caused by uneven pressures on the left aspect of the spine are also causing spinal canal stenosis
and cauda equina syndrome, seen in the axial view in (B).
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Figure 29.30. A 50-year-old trauma victim who had a blunt abdominal
injury and a positive focused assessment by sonography for trauma scan
and immediately went to the operating room. After a splenectomy, she
had an abdominal CT, which was sufficient to visualize the spine. This
patient had a fracture of several spinous processes and the twelfth rib
on the left side, a common cause of splenic laceration. There is evidence
to show that chest and abdominal CT are just as sensitive as dedicated
spine images at detecting bony pathology, and they have the advantage
of capturing the required images in one pass, which is faster and exposes
the patient to less radiation than multiple dedicated films.

A B

C

Figure 29.32A−C. A 72-year-old female with back pain. Severe degen-
erative changes with narrow disc spaces and multiple osteophytes can
be seen. Osteoarthritis between the spinous processes of L2 through L5
is compatible with Baastrup disease, or “kissing spines” (A, arrow). This
is a rare cause of back pain; however, this patient may have another
more common reason for back pain, which is her expanding aorta
(B, arrow). Incidental findings such as the dilated aorta on a dedicated
lumbar scan should not be ignored, especially in a case of back pain.
C: 3D reformatting of the spine to analyze the patient’s extensive arthri-
tis for surgery. This type of computer-generated image is very useful in
planning complex orthopedic surgeries, but has little value in the ED.
This patient needs a complete image of her aorta prior to any surgery.

Figure 29.31. A wedge-type fracture of the anterior body of L1 (white
arrow). These fractures are caused by severe flexion-compression
injuries and are considered unstable injuries. Note the IVC filter in
place (black arrow).
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Figure 29.33. CT myelogram in an 87-year-old female with back pain
and neurological deficits. Myelograms are not frequently used in the
ED, but they are extremely useful for imaging the spinal cord in patients
with contraindications to MRI, such as the screws seen in this patient’s
lumbar spine, electronics, or magnetic material. By injecting dye into
the subdural space in the desired region, it is possible to outline the
spinal cord with contrast. Note the clearly outlined cauda equina
(arrow).
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CT Imaging of the Head

Stuart Swadron and Marlowe Majoewsky

INDICATIONS

Head CT is one of the most common imaging studies ordered
from the ED. It is indicated in the evaluation of patients with
head injury as well as in a variety of nontraumatic presentations.

In most U.S. centers, the clinical threshold for obtaining a
head CT in the traumatized patient is very low. Although three
clinical decision rules have been developed to identify low-risk
patients for whom imaging is unnecessary, none is in widespread
use. The criteria identified by the Canadian Head CT Investiga-
tors (1), the National X-Ray Utilization Investigators (2), and the
New Orleans Group (3) are listed in Table 30.1.

Head CT is also used in the evaluation of the patient who
presents with headache, altered mental status, suspected stroke,
or other acute neurological abnormalities. As in patients with
head injury, head CT is used rather liberally in EDs in the United
States, and although some guidelines for its utilization exist, they
are generally the product of consensus panels rather than ran-
domized controlled trials. In patients with altered mental status
or acute neurological abnormalities, there is little controversy
about the need for emergent head CT scanning. In patients with
headache, it is generally recommended that emergent CT be lim-
ited to patients with certain high-risk features to their presenta-
tion (4). Table 30.2 contains the most recent recommendations
of the American College of Emergency Physicians on the indica-
tions for emergent CT in the setting of acute headache.

Head CT may be obtained emergently in other circumstances
as well. For example, head CT may be obtained prior to the
administration of fibrinolytic medications in a patient with a
history of malignancy to look for metastatic disease that may
make such therapy dangerous. In the evaluation of an immune-
compromised patient with a fever, head CT may be of value to
determine the safety of a subsequent lumbar puncture. In this
patient population, space-occupying lesions are more common,
and these may represent a contraindication.

DIAGNOSTIC CAPABILITIES

Current third-generation CT scanners are very sensitive for the
detection of acute hemorrhage and bony injury, the two principal

pathologies sought in evaluation of patients with head injury.
In fact, because of its sensitivity, speed, and accessibility, CT
continues to be superior to more expensive technologies, such
as MRI, in the acute setting (5,6). It should be noted that CT
is much less sensitive than MRI in the detection of subacute
hemorrhage (e.g., ≥6 h after injury) and axonal shear injury.
However, these limitations should not diminish its dominant
role in the decision-making process for acute head injury.

In the patient with head injury, head CT will readily identify
skull fractures, although fractures through the thinnest areas of
the base of the skull may be missed in the axial cuts. Extracra-
nial lesions, such as hematomas and soft tissue edema, are also
apparent. Acute hemorrhage appears hyperdense (white) on CT.
The head CT is very sensitive for all intracranial collections of
blood: extraaxial (epidural and subdural), subarachnoid, intra-
parenchymal, and intraventricular. Although the CT is relatively
insensitive for early signs of axonal injury and cellular injury, the
mass effect that results from such injury is clearly seen; thus, clin-
ical decision making can be facilitated. Pneumocephalus is also
readily identified and represents a violation of the dura mater,
typically by a skull fracture.

In patients with altered mental status and other neurological
abnormalities, head CT is extremely valuable in detecting pathol-
ogy that requires emergent intervention. Although CT is not
sensitive enough to identify or characterize all space-occupying
lesions, those of relevance in the ED, either due to their size or
the mass effect of surrounding edema, will be readily identified.
However, because it may not always be clear whether a mass is
infectious (e.g., abscess), vascular (e.g., arteriovenous malfor-
mation), or neoplastic (e.g., metastatic disease), further inves-
tigation will need to be done to delineate the lesion. Regardless
of pathology, it is the resultant mass effect on brain architec-
ture that is most important for initial management in the ED.
Acute hemorrhagic stroke is readily identified on head CT. Sub-
arachnoid hemorrhage from spontaneous rupture of a cerebral
aneurysm or arteriovenous malformation is also usually iden-
tified, although in patients with new, sudden onset headache, a
small but persistent number of false-negative studies supports
the recommendation for a lumbar puncture following CT to rule
out hemorrhage (7–10).

420
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Table 30.1: Various Head CT Rules

Study Recommendations

Canadian Head CT Investigators (1) Patients with minor head injury can be identified at two levels of risk:

1. Patients with any one of the following findings are at substantial risk for requiring neurosurgical
intervention and head CT is mandatory.
■ Glasgow Coma Scale score <15 at 2 h after injury
■ Suspected open or depressed skull fractures
■ Any sign of basal skull fracture (hemotympanum, cerebrospinal fluid, otorrhea/rhinorrhea,

Battle’s sign)
■ Vomiting ≥2 episodes
■ Age 65 years or older

2. Patients with either of the following characteristics could have clinically important lesions
identified with CT but are not at risk for requiring neurological intervention. Management with
CT versus close observation depends on local resources.
■ Amnesia before impact >30 min
■ Dangerous mechanism (pedestrian struck by motor vehicle, occupant ejected from motor

vehicle, fall from height >3 ft or five stairs)

National X-ray Utilization
Investigators (2)

Patients with blunt head trauma who do not meet any of the following criteria are unlikely to have
significant injuries revealed by CT scanning and do not require imaging:

■ Evidence of significant skull fracture
■ Scalp hematoma
■ Neurological deficit
■ Altered level of alertness
■ Abnormal behavior
■ Coagulopathy
■ Persistent vomiting
■ Age 65 years or older

New Orleans Group (3) Patients with minor head injury should undergo CT in the presence of one or more of the following
clinical findings:
■ Headache
■ Vomiting
■ Age older than 60 years
■ Drug or alcohol intoxication
■ Deficits in short-term memory
■ Physical evidence of trauma above the clavicles
■ Seizure

Adapted from Haydel MJ, Preston CA, Mills TJ, Luber S, Blaudeau E, DeBlieux PM: Indications for computed tomography in patients with
minor head injury. N Engl J Med 2000;343:100–5; Mower WR, et al: Developing a decision instrument to guide computed tomographic
imaging of blunt head injury patients. J Trauma 2005;59:954–9; Stiell IG, et al: The Canadian CT Head Rule for patients with minor head
injury. Lancet 2001;357:1391–6.

Table 30.2: Which Patients with Headache Require Neuroimaging in the ED?

Level A recommendations
None specified.
Level B recommendations

■ Patients presenting to the ED with headache and abnormal findings in a neurological examination (i.e., focal
deficit, altered mental status, altered cognitive function) should undergo emergenta noncontrast head CT scan.

■ Patients presenting with acute sudden onset headache should be considered for an emergenta head CT scan.
■ HIV-positive patients with a new type of headache should be considered for an urgentb neuroimaging study.

Level C recommendations
Patients who are older than 50 years presenting with new type of headache without abnormal findings in a

neurological examination should be considered for an urgent neuroimaging study.

aEmergent studies are those essential for a timely decision regarding potentially life-threatening or severely
disabling entities.
bUrgent studies are those that are arranged prior to discharge from the ED (scan appointment is included in the
disposition) or performed prior to disposition when follow-up cannot be assured.
Adapted from American College of Emergency Physicians. Clinical policy: critical issues in the evaluation and
management of patients presenting to the emergency department with acute headache. Ann Emerg Med
2002;39(1):108–22.
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In the first several hours after an ischemic stroke (and in
transient ischemic attack), head CT lacks the sensitivity to detect
abnormalities in the majority of patients. Nonetheless, the initial
CT is critical to rule out the presence of hemorrhage, masses, and
other pathologies. CT may also identify signs of edema that point
to a stroke that is older than the clinical presentation suggests
and for which fibrinolytic therapy may have a higher likelihood
of resulting in catastrophic hemorrhage. Augmentations of stan-
dard CT protocols (e.g., perfusion CT with contrast) and MRI
hold greater promise for use in stratifying stroke patients into
various interventions.

IMAGING PITFALLS/LIMITATIONS

The vast majority of head CTs performed in the ED are done
without contrast. Intravenous contrast confounds the detection
of acute hemorrhage, and if it is administered, CT without con-
trast should be performed first. Contrast administration may
enhance the ability to detect subacute blood collections and to
better characterize space-occupying lesions, but because of the
superiority of MRI in these situations, may be limited to settings

A B

C

Figure 30.1. Three window settings commonly used for
head CT: the bone window, the brain window, and the
blood window. The bone window (A) is helpful in identify-
ing fractures, sinus pathology, and intracranial air (pneu-
mocephalus). With the parenchymal or brain window
(B), gray matter can be differentiated from white mat-
ter. Early signs of stroke and other processes that result in
edema are best seen on the brain window. The subdural or
blood window (C) is most sensitive for detecting subdu-
ral and other intracranial hemorrhage. In this example,
a small fracture is seen in the right parietal area on the
bone window. This corresponds to an area of soft tissue
edema and subcutaneous emphysema (visible on all three
windows), and to a small underlying epidural hematoma,
distinguishable only on the blood window.

where MRI is unavailable. In both head injury and nontrau-
matic indications for CT, acute pathologies are not static – the
CT appearance of an acute cerebral contusion or acute ischemic
stroke will evolve with time, and repeat imaging is often necessary
in the initial stages of management.

Artifact is an important consideration in the interpretation
of head CTs. There is always some degree of linear streak artifact
in the areas of brain that are surrounded or bordered by thick,
irregular bone. These areas include the posterior fossa and the
caudal tips of the frontal and temporal lobes. This can result
in either the masking or the mistaken identification of hemor-
rhage in these areas. Other structures that may be difficult to
distinguish from blood include thickened areas of the falx cere-
bri, tentorium cerebelli, and dural venous sinuses, all of which
appear hyperdense on CT.

Last, attention to all available windows is important. Win-
dows are used to bring out certain details on the scan: bone,
parenchyma, or blood. In a trauma patient, if the bone windows
are not inspected, fractures may be missed. If the blood window
is not inspected, it may be more difficult to detect a subdural
hematoma.

CLINICAL IMAGES

Basic Principles and Normal Anatomy
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Figure 30.2. Beam-hardening artifact. The linear streaks that are
seen throughout the brain parenchyma appear in areas where
thick bone surrounds much less dense brain tissue. This artifact
is commonly seen at the base of the brain and in the posterior
fossa, leading many clinicians to look less carefully in these areas.

A B

C

Figure 30.3. Volume-averaging artifact. When CT cuts
are widely spaced, volume-averaging artifact may cause
the appearance of blood. This typically occurs at the base
of the brain; in this example, it occurs at the base of
the frontal lobes, superior to the orbits. A cyst in the
fourth ventricle is also present, causing noncommuni-
cating hydrocephalus, which dilates the temporal horns
of the lateral ventricles.
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B
Figure 30.4. Normal anatomy. The following sequence demonstrates normal anatomical structures. The first image demonstrates bony anatomy at
the level of the frontal sinus (bone window). The remainder of the images (brain and blood windows) reveal normal structures in a caudal-to-rostral
progression of cuts (Continued).
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Figure 30.4. (Continued)
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Figure 30.4. (Continued)
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Figure 30.4. (Continued)
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I
Figure 30.4. (Continued)

J
Figure 30.4. (Continued)
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Trauma

A B

Figure 30.5. Fracture of the skull can be classified as linear, depressed, basal, or diastatic. In the first example (A), a fracture through both the outer
and inner walls of the left frontal sinus can be seen. In the second example (B), there is a fracture of the left temporal bone. The opacities in the
sinuses represent blood from facial fractures, which are not seen in this particular cut.

A B

Figure 30.6. Epidural hematoma can be seen anywhere along the convexities of the skull, with or without an associated skull fracture. In the first
example (A), an epidural hematoma is seen associated with pneumocephalus, implying the presence of a fracture, which may only be apparent on
bone window.
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B

Figure 30.7. Subdural hematoma may be seen around the cerebral
convexities, adjacent to the tentorium and the falx (intercerebral).
They are crescent shaped, not lens shaped like epidural hematomas.
Subdural hematomas do not cross the midline, but rather invaginate
inward alongside the falx cerebri and the tentorium cerebelli. Last,
they are also associated with a much greater degree of underlying
brain edema. In the first example (A), a chronic (black) and acute
(white) component to the right-sided subdural can be seen. The
underlying edema has resulted in significant edema shift of the mid-
line. In the second example (B), acute subdural blood has layered
along the tentorium cerebelli. In the third example (C), subdural
blood is found between the two hemispheres. An intercerebral sub-
dural can often be differentiated from calcification of the falx by the
mass effect (narrowing of the sulci) on the affected side.
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Figure 30.8. Isodense subdural hematoma. Subdural hematomas
may be difficult to see when they are subacute, typically a week or
more old, as they transition from an acute hyperdense (white) to a
chronic hypodense (black) density. In the first example (A), a large
isodense subdural hematoma can be seen on the left side. It has
resulted in significant mass effect and a shift of the midline. In the
second example (B), bilateral subacute subdural hemorrhages are
seen, with an acute component to the left-sided subdural. When
bilateral hematomas are present, there is a balancing effect, and a
midline shift may not be seen. The third example (C) demonstrates
bilateral isodense subdural hematomas.



A B

Figure 30.9. Traumatic subarachnoid hemorrhage. Blood can be seen invaginating between the cerebral convolutions
in both examples of traumatic subarachnoid hemorrhage. On image B, blood can be seen in the left Sylvian fissure.

BA

Figure 30.10. Cerebral contusion. Blood and surrounding edema typify cerebral contusions, which may expand over
time, resulting in mass effect and herniation. Contusions at the base of the brain are more easily missed because of
the dense adjacent bone. Here are examples of frontal (A) and temporal (B) cerebral contusions.

A B C

Figure 30.11. Gunshot wound to the head. This sequence of cuts from the same patient demonstrates changes typical
in a gunshot wound that crosses the midline of the brain. In the first image (A), the trajectory of the missile can
be seen, as well as hemorrhage throughout the lateral ventricles. In the lower cuts (B and C), subarachnoid and
intraventricular blood are seen as well, along with their devastating effects, hydrocephalus (indicated by the dilation
of the temporal horns of the lateral ventricles) and transtentorial herniation (indicated by the loss and asymmetry of
the basal cisternae around the brainstem).

432
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Nontrauma

A B C

D E F

Figure 30.12. Subarachnoid hemorrhage secondary to aneurysmal rupture complicated by intraventricular involvement and noncommunicating
hydrocephalus. In contrast to traumatic subarachnoid hemorrhage, which is often isolated to the cerebral convexities, subarachnoid hemorrhage
from a ruptured aneurysm is usually found in the basal cisternae. Cerebral aneurysms are found on the vessels of the circle of Willis, which lies
in the suprasellar cistern. This sequence of six cuts from a patient with a ruptured aneurysm demonstrates some of the typical findings. The first
cut (A) demonstrates blood filling the fourth ventricle. Moving rostrally (B) blood in the cerebral aqueduct and temporal horn of the right lateral
ventricle can be seen. The obstruction of the ventricular system by clotted blood at the level of the cerebral aqueduct has resulted in hydrocephalus
– this is evidenced by the dilated temporal horns. Blood is also seen in the cisternae surrounding the brainstem and in the fissures that surround
them (anterior interhemispheric and Sylvian). The greatest density is seen at the level of the anterior communicating artery, a common site for
aneurysms, and the likely culprit in this case. In the third cut (C), blood can be seen in the third ventricle. In the subsequent cuts (D,E,F), blood
can be seen extending into both lateral ventricles, and on the highest cut (F), blood can be seen to replace the cerebrospinal fluid in the sulci.
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Figure 30.13. Hypertensive hemorrhage. Spontaneous hemorrhage secondary to long-standing hypertension and chronic vascular disease is seen
most commonly in the basal ganglia (A,B,C), thalamus (D), pons (E), and cerebellum (F). In the upper panel, the mass effect of the hemorrhage
and surrounding edema is evident in the loss of cerebrospinal fluid–filled sulci on the right side. In the last image (F), the cerebellar hemorrhage
has extended into the fourth ventricle.

Figure 30.14. Uncal herniation. Herniation is the end result when
compensatory mechanisms fail to accommodate an expanding
space-occupying lesion. Radiographic signs of herniation may pre-
cede clinical signs and may provide a small window of opportunity
for clinical intervention. This would be unlikely, however, in the case
depicted here. In this patient, a massive hypertensive hemorrhage
in the basal ganglia has dissected into the ventricular system. The
mass effect of the hemorrhage and surrounding edema has resulted
in uncal herniation, demonstrated by the loss of space around the
brainstem. Also seen are hemorrhages in the midbrain, possibly
representing Duret hemorrhages (caused by a tearing of the vessels
that supply the brainstem as the brain moves caudally through the
foramen magnum; these suggest an irreversible process). Also seen
is a dilatation of the temporal horn of right lateral ventricle, a form
of hydrocephalus resulting from the herniation.
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Figure 30.15. Ischemic stroke. Noncontrast CT is not sensitive enough for the detection of ischemic stroke in the first minutes and hours. The
earliest changes are related to edema and include an obscuration of the gray-white matter junction and a loss of sulci in the affected area. With
time, the affected area becomes hypodense. Old infarcts appear as a loss of parenchymal volume (“ex vacuo” changes). In the upper panels, CT
changes in a patient, both in acute stroke and in old stroke, are shown. In the lower cut (A), significant volume loss in the right occipital region
suggests an old stroke. In the higher cut (B), obscuration of the gray-white matter junction and a loss of sulci in the left occipital region when
compared with other areas suggest an acute ischemic stroke. A second patient is depicted in the middle panel (C,D). In this patient, in addition to
the early signs of edema, the area of infarction is hypodense – this implies an older, subacute ischemic stroke, usually more than a few hours to days
old. Very little mass effect is evident. The next panel (E,F,G) shows an older-appearing infarct in the territory of the middle cerebral artery, again,
with relatively little edema. The time of maximal mass effect from an ischemic stroke is typically 2 to 4 days following the initial insult (Continued).
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E F G

Figure 30.15. (Continued)

A B C

Figure 30.16. Hydrocephalus with a nonfunctioning shunt. This panel shows a patient with an intraventricular shunt in the lateral ventricles. The
marked dilation of the lateral and third ventricles suggests that it is not functioning well, although comparison with previous CT studies may be
helpful to confirm this.

A B C

Figure 30.17. Space-occupying lesion. It may be difficult to distinguish between the different types of lesions on CT imaging; fortunately, the most
emergent priorities are often unrelated to the nature of the lesion itself and more related to its mass effect. Both primary and metastatic tumors,
vascular malformations, and infectious lesions, such as toxoplasmosis and abscesses, are all examples of lesions that may result in edema and mass
effect. In this example, a hyperdense lesion is seen adjacent to the falx (C). The surrounding hypodensity represents edema and can be seen on
several cuts below the lesion itself (A and B).
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CT Imaging of the Face

Monica Kathleen Wattana and Tareg Bey

CT has surpassed plain film radiography as the method of choice
for rapid and efficient facial fracture identification in the mul-
titrauma patient and the patient with isolated injuries to the
face. One key reason is that plain film radiography facial views,
such as the Waters’ view, require repositioning to overcome the
problem of overlapping structures obscuring fracture assess-
ment. This is problematic because trauma patients often arrive
with a rigid cervical collar in place. CT bypasses this problem
and allows for simultaneous evaluation of facial trauma during
emergent assessment for intracranial and cervical spine injury.
CT images depict all areas of the facial skeleton without the need
for repositioning, allow for accurate identification of exact bones
involved in a facial fracture, and provide detail into the degree
of fracture displacement and the extent of soft tissue involve-
ment. 3D images constructed from CT images are also useful to
direct presurgical planning. The qualities listed here make CT
the preferred diagnostic tool in suspected fractures involving the
thin bones of the orbit and midface. CT is also preferred for
multitrauma patients exhibiting clinical signs of orbital involve-
ment and when soft tissue swelling prevents adequate clinical
assessment (1–4).

In the multitrauma patient, a head CT is routinely performed
to screen for intracranial injury. In these patients, determining
the necessity for a simultaneous facial CT can be difficult because
a complete physical exam is often complicated by restrictions
such as a cervical-spine collar, intubation, and intoxication (5,6).
Therefore, other indicators such as the presence of soft tissue
deformities can serve to screen and determine whether a trauma
patient requires both an immediate head and a face CT scan.
Holmgren et al. established an acronym that stands for Lip lacera-
tion, Intraoral laceration, Periorbital contusion, Subconjunctival
hemorrhage, and Nasal laceration (LIPS-N) (5). These soft tissue
injuries are highly suggestive of an underlying facial fracture.

This chapter focuses on fractures involving the midface and
mandible. A brief overview of the methods for obtaining CT
images of the face and the facial buttress system of analysis is
provided, and the four main categories of midfacial fractures
are presented in separate sections. The four sections consist of:
(1) orbital blowout, (2) zygoma, (3) maxilla, and (4) mandible.

Each section consists of general guidelines for the indications
and pertinent findings for each type of facial fracture. At the end
of the chapter, facial CT images are included to demonstrate the
important pathological findings.

METHODS FOR OBTAINING FACIAL CT IMAGES

Protocol for rapid screening of intracranial injury on CT con-
sists of noncontrast axial slices 5 mm apart originating from the
hard palate to the posterior fossa, followed by contiguous 100-
mm axial slices from the hard palate to the skull vertex. The
coronal plane is 90 degrees and the axial plane is 0 degrees from
the orbitomeatal line (7). Optimal visualization occurs when a
structure is perpendicular to the imaging plane; structures par-
allel to the imaging plane are not well visualized. The coronal
plane detects horizontally directed fractures and long vertical
segments. Images in both planes should be viewed in soft-tissue
and bony window settings. The lung window setting can also
be used to distinguish orbital emphysema from fat and some
wooden foreign bodies from air (7).

After the patient is stabilized, a more detailed CT exam can
be performed to specifically look for facial trauma, or a facial CT
can be ordered simultaneously. Facial images are obtained in the
axial and coronal planes from the skull base to the clavicles in
sequential 2- to 3-mm slices. A small field of view of 5 × 5 mm
is used for face evaluation, as opposed to the 10 × 10 mm used
in brain scanning, to allow for appreciation of the small facial
bones in finer detail; however, the slices are still large enough
to permit adequate visualization of the mandibular condyles.
Structures such as the orbit, pterygoid plates, nasal septum, and
mandibular rami are viewed well in the coronal plane. Optimal
coronal imaging requires the patient to hyperextend the neck; if
this is not possible, images of the coronal plane can be obtained
by reformatting axial images. Images in the axial plane are useful
in evaluating the zygomatic arch, posterior walls of the maxil-
lary and frontal sinuses, and degree of posterior displacement in
Le Fort fractures and the zygomaticomaxillary complex (ZMC)
fractures (4,7).

438
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ANALYSIS OF CT FACIAL ANATOMY

Gentry et al. developed the facial buttress system of facial analysis
by observing normal facial anatomy on cadavers using CT (8).
Interconnected bony buttresses are oriented in the horizontal,
sagital, and coronal planes to allow for sequential comprehen-
sive evaluation of the face. Three horizontal, two coronal, and
five sagitally oriented struts are typically described. Vertical rein-
forcement consists of the nasomaxillary, zygomaticomaxillary,
and pterygomaxillary pillars. Horizontal reinforcement consists
of the mandibulosymphyseal arch, palatoalveolar complex, and
infraorbital and supraorbital buttresses. The buttress system pro-
vides for methodological examination of the face, but descrip-
tion of a facial fracture is still based on identifying the actual
anatomical structures involved (2,4,8).

ORBITAL BLOWOUT FRACTURES

Indications

In-depth scrutiny of orbital structures must be performed for
a patient with suspected facial trauma. The orbit is involved
in most types of facial fractures, with the exception of iso-
lated nasal, mandibular, zygomatic arch, maxillary fractures,
and the Le Fort I fracture (7). The orbital blowout type of
fracture is discussed in more detail within this section. Orbital
blowout describes fracture of the orbital floor with bone frag-
ments displaced away from the orbit (9). This type of frac-
ture represents 3% of all craniofacial traumas (10). There are
two types of blowout fracture: (1) inferior blowout and (2)
medial blowout. The inferior blowout consists of fracture involv-
ing the middle horizontal strut and is the third most com-
mon isolated type of midfacial fracture (3). The isolated medial
blowout fracture involves trauma to the parasagital strut of
the orbit (7). In mechanical engineering, a strut describes a
structural component that is designed to resist longitudinal
compressions.

Table 31.1: Blowout mechanism describes the three classically
proposed mechanisms to cause orbital blowout: (1) hydraulic,
(2) globe-to-wall theory, and (3) buckle mechanism (11). All
three of these mechanisms have been shown to cause orbital
blowout fractures, and some are mutually exclusive (9.11).

Emergent assessment of visual acuity and extraocular motil-
ity must be performed in these patients. The key clinical findings
of an orbital blowout fracture include enophthalmos, decreased
ocular movement during upward gaze, diplopia, and hypoes-

thesia or anesthesia in the distribution of the infraorbital nerve.
These findings may not be apparent on physical examination
due to periorbital swelling or unconsciousness. For the inferior
blowout fracture, 10% to 20% are accompanied by entrapment
of inferior rectus muscle (7). Pure medial blowout fractures usu-
ally do not cause entrapment because a minimal amount of bone
is displaced (12).

Diagnostic Capabilities

CT is the first-line imaging modality in orbital trauma assess-
ment to assess for both bone fracture and soft tissue injury. The
orbits are best viewed in the coronal plane because this orien-
tation provides detailed information about the patency of the
medial wall and orbital floor, and visualization of the superior
and inferior rectus muscles, optic nerves, paranasal sinuses, and
cribriform plate (3,13,14). If a foreign body is suspected, CT also
allows for localization within the globe and orbit (13,15). The
findings indicative of an inferior orbital blowout fracture on CT
include displaced bony fragments and a soft tissue mass displaced
into the adjacent sinus (7,14). For medial blowout fracture, her-
niation of orbital contents toward the ethmoid sinus can be seen
as well as swelling and deviation of the medial rectus muscle
(16). Lee et al. found that CT played a major role in determining
the cause of decreased vision seen in patients with blowout frac-
tures that can be attributed to globe rupture, retrobulbar hemor-
rhage, optic nerve edema and/or impingement, and intraorbital
emphysema (13).

Pitfalls and Limitations

One major limitation is that axial images may need to be refor-
matted into the coronal orientation because a direct coronal scan
is sometimes unobtainable in young children and in patients
with head injury or limited neck mobility (13). Another limita-
tion is that MRI is superior to CT in characterization of orbital
soft tissue injuries, despite its lower sensitivity in bone disrup-
tion detection (13). Advantages of multiplanar imaging, ability
to differentiate edema from hemorrhage, and greater soft tissue
visualization make MRI superior to CT in characterization of
orbital soft tissue injuries (13). MRI is especially useful in evalu-
ating the presence of an intraocular hematoma because it is able
to detect choroidal retinal and posterior hyaloid detachments
(7). The third limitation is that, although CT is the main modal-
ity of choice to identify and localize foreign bodies within the
globe, studies have shown that certain materials such as metal

Table 31.1: Three Theories Proposed to Explain the Mechanical Mechanism of a
Blowout Fracture

■ Hydraulic theory Increased orbital soft tissue pressure results in fracture
of the thin-walled orbital floor and/or medial wall

■ Globe-to-wall contact theory An external force delivered to the globe pushes it
backwards into the orbit. The globe strikes and
fractures the orbital walls

■ Bone conduction theory or
“buckle theory”

A force is delivered to the orbital rim and causes
“buckling” of the rim, which then causes a fracture to
the orbital walls.

Modified from He D, Blomquist PH, Ellis E III: Association between ocular injuries and
internal orbital fractures. J Oral Maxillofac Surg 2007;65:713–20.
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are easier to identify. Myllylä et al. found that wood is sometimes
mistaken for gas bubbles on CT (15).

The images 31.1–31.6 at the end of this chapter are CT images
of trauma to the orbit.

ZYGOMA

Indications

The zygoma is the second most common fractured midfacial
bone after the nasal bones and represents 13% of all craniofacial
fractures (10). The body of the zygoma is usually spared in facial
trauma. Most fractures involving the zygoma occur within areas
of articulation with other facial bones. Fractures of the zygoma
are grouped into two categories: (1) isolated arch fractures and
(2) zygomaticomaxillary complex (ZMC) fractures. Zingg et al.
provided a classification scheme for zygomatic fractures (17).
The ZMC fracture is the most common type of zygomatic frac-
ture, accounting for 40% of all midfacial fractures. ZMC frac-
tures are the result of a direct blow to the malar eminence (18).
The principal lines of fracture involve the orbital, zygomatic,
and maxillary processes of the zygoma (1,7). Displaced ZMC
fractures are associated with fracture of the pterygoid process of
the sphenoid bone. Clinically, suspicion for a fracture involving
multiple articulations of the zygoma should be suspected in a
patient who had direct force to the malar eminence. The frac-
ture may present with edema and ecchymosis involving the cheek
and lower eyelid, with flattening of the malar eminence (1,4,7).
A fracture to the zygoma may also be felt during palpation of the
infraorbital margin and intraorally in the buccal mucosa (1,4,7).
Fractures limited to the zygomatic arch account for 10% of all
midfacial fractures (10). Zygomatic arch fractures are usually due
to impact from a horizontal force applied to the side of the face.
Palpation reveals flatness localized to the lateral area of the cheek,
and patients are unable to open their mouth due to impingement
of the zygomatic arch fragment on the coronoid process of the
mandible or the temporalis muscle (1,7).

Diagnostic Capabilities

Although fractures of the zygoma are adequately visualized on
plain film, CT still offers the advantage of demonstrating the
degree of fracture segment displacement (3). ZMC fractures are
graded based on magnitude of displacement and degree of rota-
tion of the disconnected fragment. The simple ZMC fracture
is minimally displaced, whereas the complex ZMC fracture is
severely comminuted or displaced (7). CT reveals the fracture
lines and identifies the degree of rotation and displacement of
fractured segments (7). This is especially important for treat-
ment because repair of the ZMC fracture requires evaluation of
the fractured segment in relation to the cranial base posteriorly
and the midface anteriorly. ZMC and zygomatic arch fractures
are best appreciated in the coronal orientation. The axial orien-
tation does not allow for adequate visualization of the zygomatic
arch (7).

Pitfalls and Limitations

A ZMC fracture may be accompanied by fracture of the ipsilateral
greater sphenoid wing and may raise earliest consideration of a
clinically silent epidural hematoma due to close relation with the
middle meningeal artery. Therefore, CT imaging of the head and
face must be obtained in both the coronal and axial orientations

(3,4,7). The images 31.7–31.11 at the end of this chapter are CT
images of trauma to the zygoma.

MAXILLA

Fractures to the maxilla occur unilaterally or bilaterally. Isolated
unilateral fractures are uncommon (4). Isolated fractures occur
as an isolated injury to the anterior wall of the maxillary sinus
or to one side of the maxillary alveolar ridge. Bilateral fractures
involving the maxilla are more severe and fall either into the
Le Fort categorization or under “smash fracture” (17,19). The
Le Fort fractures may be found in isolation, but are more com-
monly associated with other fractures such as orbital blowout,
ZMC, and mandibular fractures (17,19). The Le Fort injuries
share common clinical and radiographic features (17,20). The
facial skeleton is severely disrupted, resulting in bilateral soft
tissue swelling clinically. All types of Le Fort fractures result in
instability and dissociation of a portion of the midface from
the cranium due to involvement of the pterygoid processes. The
posterior wall of the maxillary sinuses, formed by the pterygoid
plates, is also fractured in each of the three Le Fort fractures. All
Le Fort fractures also result in malocclusion of the maxilla and
mandible (17,20).

Indications

Le Fort I is a bilateral transmaxillary fracture that results in dislo-
cation of the tooth-baring portion of the maxilla from the rest of
the face. The physical findings associated with a Le Fort I fracture
include facial edema and mobility of the hard palate. The palate
is dislocated in a posterior or lateral direction, causing maloc-
clusion and a floating palate. Grasping and pushing in and out
on the incisors assess the mobility of the hard palate (4,7,19).

Le Fort II is a pyramidal-shaped fracture that creates a sep-
aration of the maxilla and nasal skeleton from the remainder
of the midface. The fracture extends posteriorly to the ptery-
goid plates at the base of the skull. On physical exam, a patient
with a Le Fort II injury will have marked facial edema, with an
abnormally increased distance between the medial canthi of the
eye, bilateral subconjunctival hemorrhages, and mobility of the
maxilla. Epistaxis or cerebrospinal fluid rhinorrhea may also be
present (3,4,7).

Le Fort III represents the most severe form of the Le Fort frac-
tures, resulting in complete disassociation of the facial skeleton
and zygoma from the cranium. Clinical evaluation of the patient
is difficult due to the large extent of damage to the midfacial
skeleton and overlying soft tissue (3,4,7) .

Please refer to Figure 31.24, which is a schematic diagram
that illustrates the three Le Fort classifications.

Diagnostic Capabilities

Le Fort I
Coronal CT will show a fracture line of the zygomaticoalveo-

lar arch and the piriform sinus (1). Coronal CT is the best orienta-
tion because horizontal fractures involving the sagital buttresses
can be observed (7). Dental root fractures are also appreciated
on coronal CT (7).

Le Fort II
On CT, fracture lines along the nasal bones, inferomedial

orbital rims, and posterolateral maxillary walls are appreciated
on both axial and coronal CT images (7).
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Le Fort III
Images obtained in both the coronal and axial orientations

adequately visualize the fractured segments (4,7).

Pitfalls and Limitations

Le Fort I
Axial CT may not adequately detect fracture unless the bones

are comminuted or displaced (7). Axial sectioning is able to detect
fractures of the maxillary wall and hard palate in this type of
fracture.

Le Fort II and III
The proximity to the infraorbital foramen causes the Le Fort

II fractures to have the highest incidence of infraorbital nerve
damage. The Le Fort II fracture is also commonly associated
with a ZMC fracture on the side of facial impaction, with the
shared fractures being those of the anterolateral wall of the max-
illa and inferior orbital rim and floor. Due to extent of fracture,
hyperextension of the neck may not be possible, resulting in
reconstruction of coronal images from images taken in the axial
orientation. Le Fort II and III fractures involve the base of the
skull and have the potential for more severe neurosurgical com-
plications. These fractures also have the potential of more severe
ophthalmic trauma due to involvement of the orbit (1,4,7).

Le Fort III
CT images must be scrutinized for potential optic canal, crib-

riform plate, and ethmoid roof involvement. Concomitant head
CT should also be ordered to rule out injury to the brain (1,4,7).

MANDIBLE

Indications

The anatomy of the mandible consists of a U-shaped body and
two rami. The U shape of the mandible results in fractures that
are bilateral, occurring at the site of impact and at a contralat-

A B

Figure 31.1A and B. These two images taken from a series depict a multiple comminuted and minimally displaced fracture that involves the roof,
floor, and medial wall of the right orbit. Soft tissue swelling with air and deformity of the periorbital and supraorbital regions of the right is also
present in both pictures. Additionally, in B, a comminuted fracture of the nasal bones causes mild displacement of the nasal septum.

eral site due to dissipation of the impact force. Panoramic x-ray
views and plain films provide adequate visualization of isolated
mandibular injuries. The use of CT to identify isolated mandibu-
lar fractures has been increasing (1). Traditionally, however, CT
is used only if the patient is undergoing evaluation for intracra-
nial or other types of facial trauma because this type of fracture
is well visualized on plain film radiography (18).

Diagnostic Capabilities

Nondisplaced symphyseal fractures are better viewed using CT
because the problem of overlapping spine lucency on plain film
is not an issue when using CT. Restricted mouth opening also
inhibits adequate visualization on plain film posteroanterior
view. CT is helpful in this situation and also allows for recon-
struction along the alveolar ridge to enable acquisition of images
similar to those seen in panoramic radiographs (1).

On plain film, condylar fractures are the easiest to overlook.
In a comparison of CT and panoramic radiographs conducted
in 37 children between 2 and 15 years of age, CT provided con-
sistently greater accuracy (90% vs. 73%) and sensitivity (87% vs.
77%) than panoramic photographs. Condylar fractures may be
intracapsular or extracapsular. CT is able to precisely identify a
condylar fracture and its degree of dislocation (1).

Pitfalls and Limitations

In rare occasions, a force directed to the symphysis can poste-
riorly displace the condyles into the external auditory canal or
through the mandibular fossa into the middle cranial fossa supe-
riorly (1). These types of fractures are best detected with CT, and
head CT imaging should also be obtained.

The images 31.12–31.19 at the end of this chapter are CT
images of trauma to the maxilla. The images 31.20–31.21 are CT
images corresponding to smash fractures. The images 31.22–
31.23 are CT images of trauma to the maxilla.

CLINICAL IMAGES
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A

C

B

Figure 31.2A–C. A and B are images that depict approx-
imately 1 cm herniation of orbital contents through a
large defect in the inferior wall of the left orbit. The con-
tents that are herniated include the inferior rectus and,
to a lesser extent, the medial rectus muscle. C is a sagi-
tal view that shows formation of an extensive retrobulbar
hematoma and orbital contents within the left maxillary
sinus.

Figure 31.3. Left orbital blowout fracture through the inferior wall.
Herniation of fat through the defect has occurred.
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Figure 31.4. This image shows a displaced fracture within the right
orbital floor. Blood is also present within the right maxillary sinus.

A

C

B

Figure 31.5A–C. These images are from a series depicting bilateral orbital
blowout. A and B are coronal images that show a comminuted fracture of
the left lateral orbital wall with mild medial displacement and a fracture of
the left orbital floor. Intraorbital fat without extraocular muscle hernia-
tion has occurred through the defect as well as displacement of the fracture
fragment. Left intraconal and extraconal air is also seen without deformity
of the left globe. Injury is also accompanied by soft tissue swelling within
the left periorbital region. The right globe also shows fracture with her-
niation of intraorbital fat through the defect. C is an image taken within
the same series that shows left intraconal and extraconal air and fracture
of the left lateral orbital wall depicted in the axial view.
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Figure 31.6. This image shows a 1 mm radiopaque foreign body
next to air under the medial left eyelid. The orbit is intact.

A

C

B

D

Figure 31.8A–E. These images are from a series that depicts a right ZMC fracture involving the right anterior and posterolateral
wall of the right zygoma.

Figure 31.7. Fracture of the left temporozygomatic suture.
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E

Figure 31.8. (Continued)

Figure 31.9. This image depicts fracture of the left zygomatic
arch.

A

B

Figure 31.10A and B. Axial and coronal images respectively that
depict multiple fractures to the left zygomatic arch and frac-
ture to the temporal processes with accompanied displacement.
The fracture to the anterior portion of the arch is nondisplaced
whereas the fracture to the temporal process is displaced approx-
imately by 5 mm.
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Figure 31.11. These images depict a left zygomaticomaxillary complex
fracture (ZMC) and fracture of left zygomatic arch. There is additional
fracture of the inferior orbital rim and diastasis and angulation at the
frontozygomatic suture. Figure A is a coronal section that shows fracture
of the left ZMC as well as comminuted fractures through the medial,
lateral, and anterior walls of the left maxillary sinus. Figure B is a coronal
section that shows fracture has also occurred to the inferior orbital rim.
Figures C, D, and E are images in the axial plane which depict fracture
to the left ZMC and left zygomatic arch. Diastasis and angulation at the
frontozygomatic suture is also seen in images C, D, and E.
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Figure 31.12. Axial depiction of a minimally displaced fracture
of the left maxillary sinus anterior wall with associated soft tissue
swelling and subcutaneous emphysema. The patient also has
sinus mucosal disease which is seen by bilateral air fluid levels
within the maxillary sinus and minimal mucosal thickening.

Figure 31.14. Axial image that depicts fracture of the lateral wall
of the right maxillary sinus.

Figure 31.13. This axial image shows fracture to the anterior wall of
the left maxillary sinus. There is also mild right maxillary sinus mucosal
thickening which indicates a nontraumatic chronic inflammatory
process.
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A B

C

Figure 31.15A–C. Part of a series that depicts fracture to the left maxillary
sinus and left orbital floor. Figure A is an axial image that shows fracture
to the lateral wall of the left maxillary sinus as well as bilateral fracture of
the nasal bones. Figure B is an axial image that better depicts fracture of
both the lateral and medial wall of the left maxillary sinus. Figure C is a
coronal image that shows fracture of the medial and lateral wall of the left
maxillary sinus. This image also shows that there is a minimally displaced
fracture of the left orbital floor with a small amount of fat protruding
through the defect.
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A B

C D

Figure 31.16A–D. These images depict an obliquely oriented fracture through the anterior wall of the left maxillary sinus. The inferior component
of this fracture involves the lateral wall of the maxillary antrum and the superior component involves the inferior orbital rim. Figures A and B are
axial images, whereas C and D are sagital images reconstructed from the axial plane.
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Figure 31.17A–C. This series depicts fracture to the right maxillary sinus
and right orbital blowout fracture. Figures A and B are axial images which
depict a fracture of the medial wall of the right maxillary sinus. The
right maxillary sinus is filled with hemorrhage. Figure C is a reformatted
coronal image which shows right orbital blowout fracture with the defect
occurring in the orbital floor. The fracture fragment of the floor of the
right orbit is associated with a small hematoma that protrudes superiorly
into the inferior portion of the right orbit that is next to the right inferior
rectus muscle. There is no evidence of extraocular muscle entrapment
through the defect and the orbital globe is still intact. The right orbital
blowout fracture is accompanied by significant soft tissue swelling around
the right periorbital region with mild proptosis.
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Figure 31.18A–C. A is an axial image depicting fracture of the
nasal process of the right maxillary bone. Figure B is an axial
image and C is a coronal image of a retention cyst consistent with
mucosal sinus disease that is present within the left maxillary
antrum, which should not be confused with hemorrhage or a
hematoma.

Figure 31.19 This image shows a comminuted fracture of the
anterior wall and lateral wall of the right maxillary sinus. There
is also a minimally displaced fracture of the zygomatic process
of the right maxilla.
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Figure 31.20. This series depicts a “smash fracture” that involves multiple facial fractures. The fractures sustained by this patient include:
1. Fracture of right lateral orbital wall; 2. Fracture of right inferior orbital rim; 3. Fracture of left nasal bone and nasal process of left maxilla;
4. Fracture of lateral wall of left orbit; 5. Fracture of medial walls of maxillary sinuses bilaterally; 6. Diastasis of left frontozygomatic suture
with 2 mm depression of zygoma into anterior cranial fossa; 7. Fracture of the right frontal bone with extension to the superior rim of right
orbit.
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A B

E F
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Figure 31.21. Smash fracture series depicting multiple facial fractures in the coronal and axial plane. The fractures shown
in these images include: 1. Fracture of the lateral orbital rim, lateral orbital wall, inferior orbital rim, and probably orbital
floor on the left. Left orbital emphysema without evidence of herniation of orbital contents; 2. Multiple fracture of the
left lamina papyracea with associated swelling of the left medial rectus muscle, suggesting an intramuscular hematoma;
3. Comminuted fracture of the anterior maxillary wall, nasal process of the left maxillary bone, and fractures of the lateral
and posterolateral walls of the left maxillary sinus with associated hemorrhage within the sinus; 4. Bilateral nasal bone
fractures and fracture of the nasal septum (Continued ).
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G H

Figure 31.21.G–H (Continued).

A B

Figure 31.22A and B. These axial images depict fracture to the mandible. A shows fracture to the right mandibular ramus. B shows fracture to the
left parasymphyseal mandible.
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Figure 31.23A–D. These axial and coronal images depict fracture of the right mandibular condyle and fracture of the left body of the mandible. A
and B are axial images that show fracture to the left body of the mandible that is minimally displaced. There is also extensive soft tissue air deep
to the left mandibular angle within the region of the left submandibular gland. C is an axial image and D is a coronal image that shows fracture of
the right mandibular condyle has resulted in dislocation of the right temporomandibular joint anteriorly.
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Figure 31.24. Schematic diagram illustrating the three Le Fort classifications.
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CT of the Chest

Megan M. Boysen and J. Christian Fox

INDICATIONS

CT of the chest accounts for approximately 6% to 13% of CT
scans ordered in the ED (1,2). Trauma is one of the most common
indications for thoracic CT. Nevertheless, a standard protocol for
the use of chest CT following blunt chest trauma remains to be
established (3).

Supine chest radiography is the accepted initial imaging
modality in the evaluation of chest trauma (3,4). Chest radio-
graphs are able to diagnose or suggest many traumatic injuries,
including pneumothorax, hemothorax, diaphragmatic rupture,
flail chest, pulmonary contusion, pneumopericardium, and
pneumo- and hemomediastinum (5). The sensitivity of chest
radiography to diagnose major thoracic injuries is significantly
lower than CT (6–8). It is becoming more common for emer-
gency physicians to include a chest CT with the initial trauma
imaging (5). Many studies encourage its use in major chest
trauma victims (6–9) because more than 50% of major chest
trauma victims with normal chest radiographs have multiple
thoracic injuries on CT (9). Chest CT is extremely useful in the
assessment of injuries to the aorta, chest wall, lung parenchyma,
airway, pleura, and diaphragm (4).

Nontraumatic chest pain is another indication for thoracic
CT. Chapter 34 discusses CT angiography in the diagnosis of
pulmonary embolism and aortic dissection. Recent studies also
propose multidetector CT angiography for the workup of acute
coronary syndrome (10).

Chest radiograph is usually sufficient to diagnose pneumo-
nia. Many patients, especially immunocompromised patients,
may undergo CT when there is high clinical suspicion for pneu-
monia in the absence of positive radiographic findings (11,12).
Pneumonia may also be discovered when CT is performed to rule
out other causes of chest pain, such as pulmonary embolism (13).

In the ED, chest CT is also indicated to characterize the extent
of pleural effusions, empyemas, and infectious lung processes,
such as tuberculosis.

A routine chest CT typically employs the use of contrast for
the visualization of pulmonary infiltrates, pleural disease, pul-
monary nodules, or metastatic disease. Furthermore, CT angiog-
raphy is performed for pulmonary embolism and aortic dissec-

tion. Oral contrast is sometimes indicated for the characteriza-
tion of esophageal pathology.

DIAGNOSTIC CAPABILITIES

Multidetector CT (MDCT) facilitates the comprehensive acqui-
sition of high-quality images at a rapid rate (14). The improved
technology enables the expeditious assessment of critically ill
patients and allows for more specialized examinations. Spiral CT
is still able to acquire images in the conventional axial format,
which is important for cervical spine imaging.

High-resolution CT (HRCT) differs from conventional CT in
that it employs thin-section CT (1- to 2-mm collimation scans)
optimized by a high-spatial resolution algorithm (15). This tech-
nology is important in imaging lung parenchyma and vascular
structures.

CT is two to four times more sensitive than chest radiograph
in detecting intrathoracic injuries following trauma (7,8). It is
especially more sensitive in detecting pulmonary, pleural, and
osseous injuries (6). The clinical significance of this increased
sensitivity is debated. Several studies indicate that patient man-
agement does not change significantly as a result of these findings
(7,16,17), whereas others demonstrate critical findings, such as
pulmonary contusions, diaphragmatic rupture, myocardial rup-
ture, hemothorax, pneumothorax, and aortic injuries, that are
missed on radiograph (6,9). Furthermore, in patients with pene-
trating chest trauma, up to 12% may have delayed complications
from injuries undetected on chest radiograph (18).

CT is very sensitive in detecting pleural effusions and
empyema. Its sensitivity in diagnosing pneumonia, however, has
been reported to be as low as 59% (19). No single CT finding is
sufficient to diagnose pneumonia (19).

PITFALLS/LIMITATIONS

Inherent in thoracic imaging is the necessity for breath-holding
during image acquisition. Small lesions can be missed as a result
of changes in breathing depths; however, MDCT has minimized
this limitation (14). Another downfall of spiral CT is the necessity
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for image interpolation. Because images are obtained in a spiral
fashion, software must average the data, which can lead to a small
loss of imaging resolution (14). This limitation continues to be
diminished with the improvement of CT software.

With advancing CT technology, its applications will continue
to increase. CT angiography has replaced ventilation-perfusion
scans and catheter angiography for the diagnoses of pulmonary
embolism and aortic dissection/transaction, respectively (2).
Many authors suggest CT chest should accompany CT abdomen
and pelvis in the evaluation of trauma patients (6,9).

The typical radiation dose for CT chest is 8 mSv (range
2.4−16 mSv), whereas the dose for supine chest radiography

BA

DC

Figure 32.1. Window levels commonly employed in chest CT. A: Original window level. B: Mediastinal window. The mediastinal structures are
apparent, but lung detailed is poorly visualized. C: Lung window. The lung vasculature and parenchyma is better seen. D: Bone window. This
window is commonly used to detect fractures and dislocations of the vertebrae, sternum, ribs, clavicles, and scapulae.

is 0.02 mSv (range 0.008−0.037) (20). Although radiation doses
less than 100 mSv may have no carcinogenic harm, many authors
believe in a “linear, no threshold” theory for carcinogenic risk
(2). Up to 2% of patients undergoing chest CT have undergone
the same procedure at least three times in a 5-year period (2).
Furthermore, when chest CT is performed in trauma patients, it
typically accompanies several other studies, including CT head,
abdomen, and pelvis. The radiation dose for these procedures
is 2 mSv, 10 mSv, and 10mSv, respectively (20). Thus, when
considering the potential carcinogenic risk, the judicious use
of CT should be practiced, especially in children and young
adults.

CLINICAL IMAGES
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Lung Parenchyma

Pulmonary Contusions
Pulmonary contusions occur when blood leaks into the alve-

olar and interstitial space as a result of injury to the walls of the
alveoli and pulmonary vessels (21). On CT, pulmonary contu-
sions can be unilateral or bilateral; patchy or diffuse (22); and
usually peripheral, nonsegmental, and nonlobar in distribution
(5). Their location generally correlates to the site of impact (23)
and proximity to dense structures, such as the spine (5). They
may appear similar to fat embolism; however, contusions become

A B

Figure 32.2. Right-sided pulmonary contusion and hemothorax on (A) original and (B) lung windows.

A B

Figure 32.3. Extensive bilateral pulmonary contusions on (A) original and (B) lung windows.

visible within 6 h of the injury, whereas the appearance of fat
embolisms usually takes at least 24 h (23). In children, several
air-space diseases can cause similar opacification, including aspi-
ration, atelectasis, and infection. Subpleural sparing can usually
(95%) distinguish contusions from these alternative diagnoses
(24). CT is very useful in estimating the extent of contusion,
which is important in predicting the degree of posttraumatic
respiratory insufficiency (23). The sensitivity of CT in detecting
pulmonary contusions is very high (3,7,9,22,23,25), estimated
to be 100% in one study (26).
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Pulmonary Lacerations
A laceration results from a ruptured alveolar wall, creating

an empty space (23). They are typically ovoid radiolucencies,
surrounded by a thin pseudomembrane and contused lung (22)
(Fig. 32.4). Multiple small lacerations amidst pulmonary contu-
sion create a “Swiss cheese” appearance (5) (Fig. 32.5). If hemor-
rhage occurs into the cavity, an air-fluid level may be present (22).

A B

Figure 32.4. Lung laceration surrounded by contusion in original and lung windows.

A B

Figure 32.5. Multiple small lung lacerations creating a “Swiss cheese” appearance.

If a clot forms in the laceration, it may create an air-meniscus
sign (22). If the air space is filled completely with blood and is
well circumscribed, it is called a “pulmonary hematoma” (23).
CT is more sensitive than chest radiograph in detecting pul-
monary lacerations (5,22,23). It is usually difficult to visualize
lung lacerations on chest radiograph until accompanying con-
tusion resolves (22).
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Pneumonia
Although CT is more sensitive than radiograph in detect-

ing community-acquired pneumonia (27), CT is usually not
indicated unless chest radiograph provides insufficient evidence
of pneumonia in the presence of high clinical suspicion (11).
The most common finding on CT is air-space consolidation
(11) (Fig. 32.6). Other common findings include centrilobular
nodules in viral and Mycoplasma pneumoniae pneumonias and
ground-glass attenuation in Pneumocystis carinii (11). Ground-
glass attenuation is otherwise rare (28).

Figure 32.6. Area of right lower-lobe consolidation.

Figure 32.7. Extensive bilateral consolidation with right-sided pneu-
mothorax.

Pleural Space

Pneumothorax
Pneumothorax succeeds rib fractures as the second most

common injury seen in chest trauma (25). CT is able to detect
pneumothoraces missed by initial chest radiograph in 5% to
15% of trauma patients (3,9). Most of these are small, but their
detection is important. Many can progress to a tension pneu-
mothorax, especially in patients undergoing general anesthesia
or positive-pressure ventilation (21,29).

Pleural air collects in the most nondependent part of the
chest (4) (Fig. 32.8). In the upright patient, this is the apical or
lateral hemithorax (22); in the supine patient, this is the anterior
costophrenic sulcus (22). The pneumothorax is usually accom-
panied by a flattened ipsilateral diaphragm on CT. Pneumo-
thorax may be accompanied by subcutaneous emphysema, espe-
cially in the case of chest wall injury (Fig. 32.9).

Figure 32.8. Left-sided pneumothorax.

Figure 32.9. Right-sided pneumothorax with extensive subcutaneous
emphysema.
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Tension Pneumothorax/Hydropneumothorax
The diagnosis of tension pneumothorax should be made clin-

ically, and not by CT. During this potentially life-threatening
condition, air progressively accumulates in the pleural space as
the result of a one-way valve mechanism, causing high intratho-
racic pressures (21). The visualization of intrathoracic air accom-
panied by a shift of the mediastinum to the contralateral side
(21,22) helps make the diagnosis on CT (Figs. 32.10 and 32.11).
CT and radiograph may also demonstrate a flattened or inverted
ipsilateral diaphragm (21,22).

Figure 32.10. Right-sided tension hydropneumothorax.

Figure 32.11. Left-sided tension hydropneumothorax.

Hemothorax and Traumatic Effusions
Posttraumatic effusions are usually hemothoraces (22).

While arterial bleeds progress over time and may cause medi-
astinal shift, venous bleeds tend to self-terminate (21). Other
etiologies of traumatic effusions include chylothorax, symp-
tomatic serous pleural effusion, or, rarely, bilious effusions or
urinothorax (21,22). MDCT attenuation differentiates hemo-
thorax (35−70 Hounsfield units [HU]) (18,21) from serous effu-
sions (<15 HU) (21). Chylothorax typically has low or negative
fluid attenuation values (18). MDCT is not very useful in distin-
guishing among bilious, chylous, serous, and urinary effusions
(21). Hemothoraces visible only on CT may not need to be evac-
uated (25).

Figure 32.12. Small right-sided hemothorax.

Figure 32.13. Large left-sided hemothorax with lung contusion, pos-
terior rib fracture, and pneumothorax.



CT of the Chest 463

Transudates, Exudates, and Empyemas
In the nontraumatic setting, pleural effusions are classified

as transudates or exudates. Transudates are usually secondary to
congestive heart failure, and exudates are usually due to inflam-
matory or neoplastic processes (30). Although the criterion ref-
erence for distinguishing these entities is diagnostic thoracocen-
tesis, several studies suggest that contrast-enhanced CT can help
differentiate between them (30–32). Factors associated with exu-
dates are parietal pleural thickening (≥2 mm), visceral pleural
thickening, and extrapleural fat thickening (≥2 mm) (31); locu-
lation of the effusion; or nodules in a pleural surface (30). These
factors, however, are not very sensitive (30,31). Factors associated
with exudates of infectious origin are visceral pleural thickening,

A B

Figure 32.14. Original (A) and lung (B) windows. Large empyema with an air-fluid level.

Figure 32.15. Large empyema.

increased density in the extrapleural fat, and pulmonary consol-
idation (30). Likewise, these factors are somewhat specific (98%,
91%, and 90%, respectively), but not very sensitive (20%, 25%,
and 48%, respectively) (30).

Empyemas are exudates associated with pulmonary
infections; thoracocentesis demonstrates macroscopic pus, a
positive culture, or positive Gram stain (30). On CT, they usu-
ally have a regularly shaped lumen and a smooth inner surface
(33); an air-fluid level may be present (Fig. 32.14). As opposed to
lung abscesses, empyemas have a sharply defined border separat-
ing them from lung parenchyma (33) (Fig. 32.15). Although not
entirely specific, most empyemas demonstrated enhancement of
the parietal pleura on contrast-enhanced CT (32).
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Mediastinum

Pneumomediastinum
Pneumomediastinum can be either traumatic or spon-

taneous (34). Air can enter the mediastinum directly from

A B

Figure 32.16. Air outlining the trachea (A) and vasculature (B).

A B

Figure 32.17. Air outlining the pericardium and parietal pleura.

esophageal or tracheal injuries, or it may track from ruptured
alveoli through the pulmonary interstitium (the Macklin effect)
(4). In addition, pneumomediastinum can be the result of neck
or retroperitoneal injuries (4).
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Pericardial Effusion
Echocardiography is the criterion reference for the diagnosis

and evaluation of pericardial effusion. CT is useful when echocar-
diogram findings are nondiagnostic or difficult to interpret, or
when a loculated or hemorrhagic effusion is present (35). In
addition, pericardial effusion may be found incidentally on CT
performed for trauma or chest pain.

Figure 32.18. Pericardial effusion after trauma.

Figure 32.19. Pericardial effusion with sternal fracture.

Aortic Tear
Traumatic rupture of the aorta (TRA) implies the complete

transaction of the aortic wall. TRA is rarely visualized on CT
because patients expire from exsanguination before reaching
medical facilities. In incomplete aortic tears, the adventitia main-
tains the integrity of the aorta, while the intima and media may
be compromised (29). In blunt injuries, the site of the injury
is typically at the aortic isthmus. Survival of traumatic aortic
injuries is usually less than 5% (29).

Figure 32.20. Incomplete aortic tear in a trauma patient.
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Tracheobronchial Injuries
Tracheobronchial trauma can result from blunt, penetrating,

or iatrogenic trauma, or from inhalation injuries (36). Bronchial
fracture is more common than tracheal, and the right side is
more commonly injured (23). Up to 10% of affected patients
have no evidence of tracheobronchial injury on physical exam
or chest radiograph (36). One small study demonstrated that,
compared to chest radiograph, CT more sensitively diagnosed
acute tracheobronchial tear and better identified the location of
injury (37). Bronchoscopy is the preferred diagnostic modal-
ity. Signs of tracheal injury on CT include overdistension of the
endotracheal cuff, lateral or posterior herniation of the endotra-
cheal cuff, tracheal wall discontinuity, and displacement of the
endotracheal tube (36–38). In cases of bronchial injury, CT may
show discontinuity or enlargement of the bronchial wall, a “fallen
lung” sign − collapse of the lung distal to the tear (38), or an “air
leak” (37). Accompanying signs include pneumothorax, pneu-
momediastinum with subcutaneous emphysema, fracture of the
first three ribs (23), deep cervical emphysema, and a heightened
hyoid bone above the level of the third cervical vertebrae (36).

Figure 32.21. Defect in the membranous trachea accompanied by air
tracking and mediastinal emphysema. Image courtesy of Chen JD,
Shanmuganathan K, Mirvis SE, Killeen KL, Dutton RP: Using CT to
diagnose tracheal rupture. AJR Am J Roentgenol 2001;176(5):1273−80.

Figure 32.22. Air tracking and mediastinal emphysema. Image cour-
tesy of Chen JD, Shanmuganathan K, Mirvis SE, Killeen KL, Dut-
ton RP: Using CT to diagnose tracheal rupture. AJR Am J Roentgenol
2001;176(5):1273−80.

Esophagus
Most esophageal ruptures are secondary to medical instru-

mentation (34). Other causes are Boerhaave syndrome, toxic
ingestions and radiation, penetrating trauma, and, rarely,
blunt chest trauma (35,38,39). Esophageal perforations usually
present with pneumomediastinum and subcutaneous emphy-
sema (34,38). Pneumothorax, hydropneumothorax, or pleural
effusion may also be apparent, especially in the case of esophago-
pleural fistula (34). Esophageal injury after trauma is usually
associated with other injuries to the heart, great vessels, trachea,
or spine (39). Although the role of CT in the diagnosis of trau-
matic esophageal perforations is not established (18), CT find-
ings may include pneumomediastinum, subcutaneous emphy-
sema, esophageal thickening at the area of perforation (38);
extravasation of oral contrast material into the mediastinum
(18); a wound track and proximal esophageal wall defect (18);
or, as in figure 32.23, air bubbles in the mediastinum proximal to
the esophagus (22). Although CT can suggest esophageal lesions,
patients with suspected injury should be evaluated by esopha-
gography and possibly esophagoscopy (39).

Figure 32.23. Air in posterior mediastinum, suggestive of esophageal
perforation.
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Diaphragmatic Rupture
Diaphragmatic rupture can occur following blunt or pene-

trating thoracoabdominal trauma (4,18,23,25). Diaphragmatic
injuries are usually left sided (90%) (25) (Figs. 32.24 and 32.25).
Right-sided injuries are less common, secondary to apparent
protection by the liver (23) (Fig. 32.26). The most common
locations for tears are at the junction of the diaphragmatic ten-
don and posterior leaves, as well as at the central tendon (25).
Plain films may miss up to 37% of left-sided and 83% of right-
sided injuries (40). The sensitivity of CT has improved with
the advent of spiral CT and now ranges from 71% to 100%

Figure 32.24. Rib punctures left hemidiaphragm.

Figure 32.26. Right-sided diaphragm rupture with intrathoracic her-
niation of bowel.

(41). On CT, the most common finding is a discontinuity of
the diaphragm (42) (Fig. 32.24), although this finding is not
very specific (23). Other findings include diaphragmatic thick-
ening, segmental nonrecognition of the diaphragm, herniation
of intraabdominal contents, elevation of the diaphragm, and the
combination of hemothorax and hemoperitoneum (43). Right-
sided diaphragmatic injuries are more difficult to visualize (25).
A line of decreased density within the liver parenchyma may indi-
cate an injury to the right hemidiaphragm (5). Rupture or herni-
ation of the liver into the chest cavity may also occur with these
injuries (25).

Figure 32.25. Interrupted diaphragm.
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Bone

Sternoclavicular Dislocations and Clavicular Fractures
Anterior sternoclavicular dislocation (Fig. 32.27) is more

common than posterior dislocation (21), although most ante-
rior dislocations do not have major clinical significance (5). They
are, however, evidence of high-energy trauma, and most are
associated with other chest injuries, including pneumothorax,

A B

Figure 32.27. Right-sided posterior dislocation in original (A) and bone (B) windows.

Figure 32.28. Left-sided clavicular fracture on bone window.

hemothorax, rib fractures, or pulmonary contusions (21). Pos-
terior dislocations are less common and are more easily diag-
nosed on CT (5,21). Posterior dislocations can be associated
with injuries to the great vessels, brachial plexus, trachea, and
esophagus (5). On CT, clavicular fractures and sternoclavic-
ular dislocations can be associated with a retrosternal hem-
atoma (4).
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Rib Fractures
Single rib fractures usually have little clinical significance.

However, because fractures of the first through third ribs are
indicative of high-velocity trauma, other intrathoracic injuries
should be investigated (21). These injuries are sometimes asso-
ciated with brachial plexus injuries (44) or other neurovascular
lesions (14,21). Fractures of the eighth through eleventh ribs
may be associated with upper abdominal visceral injury (21).
Flail chest occurs when multiple rib fractures occur to three or
more ribs. The paradoxical motion of the flail segment is asso-
ciated with respiratory compromise.

Figure 32.29. Posterior third and anterior second rib fractures.

Figure 32.30. Lateral fourth and posterior fifth rib fractures on bone
windows.

Scapular Fractures
Scapular fractures are frequently overlooked on the interpre-

tation of chest radiographs (45). Like sternoclavicular disloca-
tions and first through third rib fractures, they are a marker of
significant impact (5) and are often associated with other injuries
(45). The surgical management of these fractures depends on the
particular center’s orthopedic preference (29).

Figure 32.31. Left-sided scapular fracture with posterior rib fractures.

Figure 32.32. Left-sided scapular fracture.
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Sternal Fractures
Sternal fractures usually occur in the coronal plane (5) (Figs.

32.33 and 32.34). Lateral chest radiographs have a relatively high
sensitivity in diagnosing sternal fractures (46). However, a frontal
chest radiograph misses most sternal fractures, unless they are
transversely displaced (5). Sternal fractures are usually detected
on CT (4).

Figure 32.33. Sternal fracture in coronal orientation.

Figure 32.34. Sternal fracture in a similar orientation.

Vertebral Fractures
The most common vertebral fractures are transverse pro-

cess, compression, and burst fractures (47). Although dedicated
spinal CT may be performed when there is high clinical sus-
picion, vertebral fractures can usually be identified on routine
chest, abdominal, and pelvic CT (47). A series by Berry et al.
demonstrated that routine CT identified 100% of patients with
vertebral fractures compared to 73% on radiograph (47).

A

B

Figure 32.35. Vertebral body fractures.

Figure 32.36. Fracture of the spinous process.
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Figure 32.37. Bullet fragment in left posterior thorax with surround-
ing air.

Special Images

Wound Tracks
On CT, air, hemorrhage, and bone or bullet fragments can

help identify the course of a bullet or knife (18).
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CT of the Abdomen and Pelvis

Nichole Meissner and Matthew O. Dolich

INDICATIONS

Since its inception, CT has greatly aided in the diagnosis of
intraabdominal and pelvic pathology. The rapid diagnosis of
underlying pathology in the “acute abdomen” is critical to help
reduce the rates of morbidity and mortality from delayed diagno-
sis. Physical examination and laboratory findings are often non-
specific, so efficient diagnostic tools are essential. CT scanning
has widely become the diagnostic test of choice for patients pre-
senting with abdominal or pelvic pain and for the stable trauma
patient to evaluate for intraabdominal injury. Various studies
show sensitivities of 69% to 95% and specificities of 95% to
100% for the diagnosis of bowel and mesenteric injuries with
CT (1). The sensitivities for diagnosing solid organ injuries are
even higher.

Because of the limitations of plain radiographs, CT scanning
is also being increasingly used in cases of bowel obstruction to
help delineate the location, severity, and underlying cause of the
obstruction. For high-grade obstructions, CT has a sensitivity of
96%; it is less accurate for low-grade obstructions (1). In addi-
tion, CT with water-soluble contrast may be both therapeutic
and diagnostic because the contrast material may favor intralu-
minal absorption of water and diminution of bowel wall edema,
allowing resolution of mechanical small bowel obstruction. The
ability to generate reconstructions in different planes on mul-
tidetector CT (MDCT) has enabled the clinician to determine
whether a closed-loop obstruction is present. Findings would
include a C- or U-shaped or “coffee bean” appearance to the
bowel, as well as a “whirlpool sign” of mesentery spiraling out
from the point of strangulation.

DIAGNOSTIC CAPABILITIES

First-generation, single-slice CT scanners have almost been com-
pletely replaced with MDCT scanners. The faster acquisition of
images has reduced motion artifact because the entire abdomen
can be scanned on a single breathhold. Thinner slices can be
obtained, which gives better visualization of certain areas of
interest within the abdomen. This is an important feature, for
example, for imaging the pancreas, which is a relatively small
organ that can cause significant illness.

More information can be gathered from an MDCT with the
use of intravenous contrast in evaluating for certain diagnoses,
such as intraabdominal abscesses. Scanning without contrast
generates the fastest, but most limited images. The use of con-
trast is avoided in suspected or confirmed renal insufficiency or
if trying to diagnose nephrolithiasis. In almost all other cases,
contrast is indicated. In cases of suspected hemorrhage, a higher
dose of contrast is given. Rectal contrast can aid the diagno-
sis in many common disease processes, such as appendicitis or
diverticulitis, but is often not necessary and may cause patient
discomfort. Rectal contrast, however, is generally warranted for
cases of suspected colonic perforation from penetrating abdom-
inal, flank, or back trauma.

Conditions in the right upper quadrant that can be eas-
ily diagnosed by CT are pancreatitis, cholecystitis, ascending
cholangitis, perforated hollow viscus, and hepatic tumor or
abscess. In cases of pancreatitis, a CT scan can help determine if
there is sterile or infected necrosis, the latter being indicated by
gas bubbles within a nonenhancing, necrotic pancreas. The most
sensitive findings in acute cholecystitis are gallbladder wall thick-
ening greater than 3 mm and increased attenuation of the wall
in the setting of a distended gallbladder. Other findings include
increased attenuation of the surrounding liver from inflamma-
tion, subserosal edema, and pericholecystic fluid (2). Metastatic
tumors are the most common malignant liver lesion. The most
common primary liver tumor is hepatocellular carcinoma. Focal
nodular hyperplasia is not associated with symptoms and is gen-
erally noted to enhance on arterial phase CT. These lesions are
rarely symptomatic, so if they are found on CT in a patient
with abdominal pain, another source should be sought. Heman-
giomas often cause chronic low-grade right upper quadrant
abdominal pain, especially when they become very large. They
are usually asymptomatic, however, and are found incidentally.

Right lower quadrant pathology readily imaged by CT
includes appendicitis, mesenteric adenitis, ectopic pregnancy,
hernia, diverticulitis, nephrolithiasis, ovarian pathology, and
psoas abscess. Inflammation of small bowel lymph nodes from
viral infection is common, especially in children, and is proba-
bly the most common cause of pain severe enough to lead to the
diagnosis of “acute abdomen.”
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Left upper quadrant pathologies include pancreatitis, splenic
infarct or abscess, peptic ulcer disease, hiatal hernias, and gas-
tric malignancy. Pancreatitis may present with a wide spec-
trum of severity, from mild, self-limited cases to life-threatening
necrosis with septic shock. Abscesses of the spleen are very
uncommon, with an incidence of 0.14% to 0.7% (3). Patients
typically present with fever, left upper quadrant pain, and leuko-
cytosis. Diagnosis is frequently delayed with most patients endur-
ing symptoms for several weeks or days prior to diagnosis. The
spleen may become infected by hematogenous infection, con-
tiguous infection, hemoglobinopathy, immunosuppression, and
trauma.

Disorders of the left lower quadrant include diverticulitis,
ectopic pregnancy, ovarian pathology, hernia, psoas abscess, and
nephrolithiasis. In cases of acute renal stones, 15% do not cause
the classic sign of hematuria (3).

Diffuse abdominal pain can be caused by small bowel
obstruction, abdominal aortic aneurysm, pancreatitis, aortic dis-
section, and urosepsis. In cases of aortic dissection, the onset of
the dissection is often associated with severe chest or back pain,
described as tearing, that moves distally as the dissection propa-
gates. Most abdominal aortic aneurysms are asymptomatic and
are often found incidentally during workup of another ailment.

Figure 33.1. Normal anatomy at the level of the twelfth thoracic ver-
tebral body (T12). A, aorta; IVC, inferior vena cava.

In the few times where they are symptomatic, the most common
symptom is new-onset low back and abdominal pain. The pain is
the result of stretching of retroperitoneal tissues and is associated
with increased risk of rupture, so rapid evaluation and treatment
are warranted.

LIMITATIONS AND PITFALLS

A major disadvantage of MDCT is the massive amount of data
that are generated during image acquisition. This makes efficient
transfer of image data to hard copies challenging. The adminis-
tration of contrast in a patient with undiagnosed renal insuffi-
ciency may precipitate renal failure. Because of less developed fat
planes in children, CT scanning in this population is less effec-
tive. In addition, there is concern for radiation exposure in pedi-
atric patients leading to increased risk for development of certain
malignancies later in life (4). CT scanning has a lower diagnostic
yield in the morbidly obese patient because of increased scatter
from the amount of fat present, although the limitations are far
less than those encountered with ultrasonography. The limiting
factor may ultimately be the technical specification of the scan-
ner table because patients over a certain weight may interfere
with movement of the table during the scan.

CLINICAL IMAGES

Figure 33.2. Normal anatomy at the level of the first lumbar vertebral
body (L1). A, aorta; C, splenic flexure of colon; IVC, inferior vena cava;
P, pancreas; PV, portal vein; RA, right adrenal gland; SMA, superior
mesenteric artery; SI, small intestine; SV, splenic vein.
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Figure 33.3. Normal anatomy at the level of the second lumbar
vertebral body (L2). A, aorta; C, splenic flexure of colon; GB,
gallbladder; IVC, inferior vena cava; SI, small intestine; SMA,
superior mesenteric artery; SMV, superior mesenteric vein.

Figure 33.5. Normal pelvic anatomy. Ad, left adnexa; EIA, exter-
nal iliac artery; EIV, external iliac vein; U, uterus.

Figure 33.7. Duodenal obstruction secondary to neoplasm
(arrows). Dilated, contrast-filled stomach (S) and proximal duo-
denum (D) are noted.

Figure 33.4. Normal anatomy at the level of the third lumbar
vertebral body (L3). A, aorta; IVC, inferior vena cava; SI, small
intestine.

Figure 33.6. Gastric outlet obstruction. A dilated, contrast-
filled stomach is noted in conjunction with a strictured pylorus
secondary to peptic ulcer disease (arrows).

Figure 33.8. Duodenal perforation with free intraperitoneal air
(white arrows) and extravasation of oral contrast material (black
arrow).
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Figure 33.9. Small bowel obstruction. Multiple dilated loops of small
bowel are filled with fluid and oral contrast material. The colon is
collapsed.

Figure 33.11. Mesenteric injury secondary to blunt abdominal
trauma. Free fluid is present between bowel loops (white arrows), as
well as active extravasation of contrast (black arrow).

Figure 33.13. Acute diverticulitis. The sigmoid colon is markedly
thickened (arrows).

Figure 33.10. Jejunal perforation secondary to blunt abdominal
trauma. Note thickened jejunal loops (black arrows) and free intraperi-
toneal air (white arrow).

Figure 33.12. Diverticular disease. Multiple air-filled diverticula are
noted throughout the sigmoid colon (arrows).

Figure 33.14. Perforated diverticulitis with pelvic abscess. Note the
thickened sigmoid colon (arrows); adjacent is a large pelvic abscess (A)
containing fluid and air.
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Figure 33.15. Acute appendicitis. Note the enlarged appendix
(white arrow) and periappendiceal fat stranding.

Figure 33.17. Hepatic abscess.

Figure 33.19. Liver laceration secondary to blunt abdominal
trauma. Note active extravasation of contrast (arrow). The
absence of intraperitoneal fluid prevented diagnosis by focused
assessment with sonography in trauma.

Figure 33.16. Perforated appendicitis. Note right lower quad-
rant phlegmon (arrows) containing fluid and bubbles of air.

Figure 33.18. Liver neoplasm (metastatic adenocarcinoma).

Figure 33.20. Acute cholecystitis. Note prominent gallbladder
wall with pericholecystic fluid.
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Figure 33.21. Splenic laceration with hemoperitoneum sec-
ondary to blunt abdominal trauma. Note free intraperitoneal
blood surrounding both the spleen and liver.

Figure 33.23. Chronic pancreatitis. Extensive calcification of the
pancreatic tail is present (arrows).

Figure 33.25. Pancreatic pseudocyst (arrows). Residual inflam-
mation of the pancreatic tail is present.

Figure 33.22. Acute pancreatitis. The pancreatic tail enhances
with contrast; however, significant peripancreatic edema is
present (arrows).

Figure 33.24. Necrotizing pancreatitis. The body of the pancreas
is necrotic and does not enhance (white arrows). The pancreatic
tail remains viable (black arrow).

Figure 33.26. Pancreatic transection secondary to blunt abdom-
inal trauma. The body of the pancreas is transected in the midline
from compression against the spine (black arrows). Peripancre-
atic fluid is noted along the tail of the pancreas as well (white
arrows).
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Figure 33.27. Benign neoplasm of the pancreatic body and tail.

Figure 33.29. Ureterolithiasis. Stone lodged in right ureter
(white arrow), easily visualized on noncontrast CT scan.

Figure 33.31. Rupture of the left hemidiaphragm secondary to
blunt abdominal trauma (white arrow). A portion of the stomach
has herniated into the left thorax (black arrows). A left pleural
effusion is present.

Figure 33.28. Renal injury secondary to blunt abdominal
trauma. A moderate amount of perinephric hemorrhage is
present.

Figure 33.30. Chronic paraesophageal hiatal hernia. Portions of the
stomach (white arrows) and left colon (black arrows) have herniated
into the left thorax.

Figure 33.32. Infrarenal abdominal aortic aneurysm with con-
tained retroperitoneal leak. Note extensive anterior displace-
ment of the left kidney, as well as mural thrombus within the
aortic lumen.
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Figure 33.33. Aortic dissection. Note intimal flap separating the true
and false lumens (arrow).

Figure 33.35. Ventral hernia containing multiple contrast-filled bowel
loops.

Figure 33.37. Ovarian cyst.

Figure 33.34. Bilateral inguinal hernias. The hernia on the left con-
tains an air-filled bowel loop.

Figure 33.36. Right tuboovarian abscess. Note enhancing rim sur-
rounding lower-density abscess cavity.

Figure 33.38. Ovarian malignancy.
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Figure 33.39. Pelvic fracture after motor vehicle collision. The right
iliac wing has a comminuted fracture with adjacent retroperitoneal
hematoma (white arrows). The left sacroiliac joint is widened as well
(black arrow).

Figure 33.40. Comminuted fracture of the femoral neck (arrows).
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CT Angiography of the Chest

Swaminatha V. Gurudevan and Shaista Malik

INDICATIONS

The most common clinical indication for a CT scan of the chest
in the ED is to assist with the rapid diagnosis and treatment of a
potentially life-threatening cause of chest pain. The three most
common life-threatening conditions facing patients with chest
pain in the ED are myocardial ischemia, pulmonary embolism,
and aortic dissection. With the advent of multidetector row CT
technology and improvements in the temporal and spatial reso-
lution of modern CT scanners, all three entities can be diagnosed
with excellent reliability.

DIAGNOSTIC CAPABILITIES

Coronary heart disease is the leading cause of death in the United
States, responsible for about 817,000 deaths each year (1). Mul-
tidetector CT (MDCT) coronary angiography has emerged as a
highly sensitive tool to diagnose both obstructive and nonob-
structive coronary artery disease. Modern scanners that employ
16- and 64-slice multidetector row technology with cardiac gat-
ing enable rapid and continuous coverage of the heart with excel-
lent visualization of both the lumen and vessel wall of the coro-
nary arteries (2,3). The sensitivity and specificity of 64-slice CT
exceed 95% for the diagnosis of significant coronary artery dis-
ease (4). With adequate patient preparation, reliable images can
be obtained with a rapid 8- to 10-s scan time.

Pulmonary embolism is a common disorder, with an esti-
mated annual incidence of 25 to 70 per 100,000 (5). Prompt
diagnosis and institution of anticoagulant therapy is crucial to
a favorable clinical outcome. Since its introduction in 1992, CT
angiography of the pulmonary arteries has become the diagnos-
tic test of choice for the evaluation of acute pulmonary embolism
(6,7). The improved spatial and temporal resolution of MDCT
enables the clinician to obtain comprehensive visualization of the
pulmonary arterial tree in 4 to 10 s. The sensitivity and speci-
ficity of CT for the detection of pulmonary embolism exceeds

90%, and a negative spiral CT is associated with a good prognosis
when anticoagulation is withheld (8).

Aortic dissection is an uncommon disease, with a peak inci-
dence of five to three cases per 1 million people per year. Approxi-
mately 2,000 new cases are reported each year in the United States
(9). The mortality of untreated aortic dissection involving the
ascending aorta (Stanford type A dissection) can approach 1%
to 2% per hour after symptom onset (10,11). This underscores
the need for prompt diagnosis and treatment. Multidetector CT
enables rapid visualization of the entire aorta, localizing the site
of intimal tear and the extent of anatomical involvement. The
sensitivity and specificity of MDCT has been reported near 100%
for the diagnosis of aortic dissection (12).

IMAGING PITFALLS/LIMITATIONS

Multidetector CT coronary angiography requires significant
technical expertise and attention to detail to yield diagnostic
image quality. Patients should be capable of at least an 8- to 9-s
breathhold during image acquisition. Because the study is ECG
gated, patients should ideally have a slow, steady heart rate to
avoid motion artifacts that can preclude effective visualization
of the entire coronary arterial tree. Beta-blockers such as meto-
prolol are often given to patients prior to the initiation of the CT
scan to achieve a heart rate less than 70 beats/min. Significant
coronary calcification can also limit the diagnostic accuracy of
studies due to beam-hardening artifacts that can occur.

During CT pulmonary angiography, the major limitation to
imaging is proper timing of the contrast bolus and scan acqui-
sition to maximize visualization of the central and peripheral
pulmonary arteries. The accuracy for diagnosis of subsegmental
pulmonary emboli is also limited, but the clinical significance
of these emboli has been debated. Spiral CT artifacts from the
motion of the aorta can also masquerade as a dissection flap,
making it essential to perform cardiac gating in aortic dissection
studies.
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CLINICAL IMAGES

Normal Coronary Arteries with no Significant ObstructiveDisease

Nonobstructive Coronary Artery Disease (CAD)

Figure 34.1. A three-dimensional volume rendered image of
a 64-slice MDCT performed in a 41-year-old man with atyp-
ical chest discomfort. A virtual LAO cranial view of the coro-
nary arteries is shown, with a normal LAD and two diagonal
branches. Software algorithms color the blood pool of the
left ventricle maroon and the arteries white, based on their
Hounsfield Unit (HU) density.

Figure 34.3. 3D volume rendered and curved multiplanar
projection of a 52-year-old man with a history of hyperten-
sion. The curved planar images demonstrate nonobstructive
coronary artery disease in the LAD (arrow). Radial views of
the coronary artery in 1 mm increments are shown along the
top, bottom, and right of the volume rendered image.

Figure 34.2. Two-dimensional oblique maximum intensity
projection (MIP) of the left main and left anterior descend-
ing coronary arteries from the MDCT study performed in
the same 41-year-old man. No evidence of coronary artery
atherosclerosis is seen. Diagnosis and interpretation of CT
coronary angiography studies is typically done using two-
dimensional images.

Figure 34.4. Two-dimensional oblique maximum intensity
projection (MIP) of the left anterior descending coronary
arteries from the MDCT study performed in the same 41-
year-old man. There is mild nonobstructive disease com-
posed primarily of noncalcified plaque. The anterior inter-
ventricular cardiac vein is also seen crossing the LAD.
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Figure 34.5. Two-dimensional oblique maximum intensity
projection (MIP) of the left anterior descending coronary
arteries from the MDCT study performed in a 55 year old
man with chest discomfort. There is evidence of a large plaque
in the LAD causing a severe degree of luminal obstruction,
approximately 90% (arrow). Extensive positive remodeling
of the vessel segment with discrete flecks of calcification are
also seen – these are markers of plaque instability.

Figure 34.7. A three-dimensional volume rendered image
of a 64-slice MDCT performed in a 77-year-old man with
known coronary artery disease who underwent coronary
artery bypass surgery 7 years earlier. The images show a
severely diseased LAD with a patent aterial graft from left
internal mammary artery (LIMA) to the LAD and a patent
saphenous vein graft to the diagonal branch (arrows).

Severe Stenosis in Proximal Left Anterior Descending (Coronary Artery)

Obstructive CAD Status Post Coronary Artery Bypass Graft (CABG) with all Three Grafts Patent

Figure 34.6. 3D volume rendered and curved multiplanar
projection in the same 55-year-old man, demonstrating a
severe degree of luminal stenosis in the LAD with a positive
remodeling of the involved vessel segment (arrow). In this
case the diseased segment is remodeled to nearly twice the
size of the proximal reference segment without disease.

Figure 34.8. A two-dimensional oblique capital maximum
intensity projection in the same 77-year-old man status post
CABG is shown, demonstrating a patent LIMA to LAD anas-
tomosis (arrow), overlying the anterior wall of the left ven-
tricle. Metal clips used to secure the LIMA are also seen.
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Figure 34.9. A three-dimensional volume rendered image
of a 64-slice MDCT performed in a 31-year-old man with
no known CAD who presented with chest discomfort dur-
ing exercise. A myocardial perfusion SPECT had demon-
strated inferior stress-induced ischemia. The images show an
anomalous right coronary artery arising from the left coro-
nary cusp, taking an interarterial course (arrow) between the
aorta (AO) and pulmonary artery (PA). This variant of coro-
nary artery anomaly is the most common of the malignant
anomalies associated with sudden cardiac death.

Figure 34.11. A three-dimensional volume rendered image
of a 64-slice MDCT performed in an 80-year-old man who
presented with exertional chest discomfort. The images show
a massive fusiform aortic aneurysm involving the ascending
aorta. There appears to be coronary artery disease in the LAD
and diagonal branches of the left coronary artery.

Anomalous Right Coronary Artery Coursing Between Aorta and Pulmonary Artery

Ascending Thoracic Aortic Aneurysm

Figure 34.10. 2D oblique performed in the same 31-year-old
man with no known CAD who presented with chest discom-
fort during exercise. The images show the anomalous right
coronary artery taking an interarterial course between the
aorta and pulmonary artery. Compression of the small slit-
like orifice during exercise, leading to myocardial ischemia
is thought to be the mechanism of sudden death in patients
with this coronary anomaly. Surgical treatment with unroof-
ing of the coronary artery is recommended in symptomatic
patients.

Figure 34.12. 2D oblique performed in a the same 80-year-
old man with chest discomfort during exercise. The massive
ascending aortic aneurysm is again seen (arrow), measuring
7.5 cm in diameter which portends a high risk for subsequent
fatal rupture. Coronary artery disease in the LAD and RCA
was eventually confirmed using invasive coronary angiogra-
phy.
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Figure 34.13. A three-dimensional volume rendered image of a
64-slice MDCT performed in an 74 year old man with a history of
known CAD s/p CABG who presented with exertional dyspnea.
He had a history of severe chest discomfort which had occurred
2 weeks before presentation. The images show a large type A
aortic dissection, with the dissection flap visible as a line through
the center of the aorta (arrows). The LIMA and saphenous vein
grafts all arise from the true lumen and appear patent.

Figure 34.15. 2D oblique coronal maximum intensity projec-
tion performed in the same 74-year-old man with exertional
dyspnea. The spiral dissection flap is seen in the ascending aorta,
stopping short of the aortic root. Progressive dissection involv-
ing the aortic root can lead to aortic insufficiency, cardiac tam-
ponade, and death.

Type A Aortic Dissection; CABG with all Four Grafts Patent. Grafts Arise fromTrue Lumen

Figure 34.14. 2D oblique axial maximum intensity projection
performed in the same 74-year-old man with exertional dysp-
nea. Dissection flaps are seen in the ascending and descending
aorta (arrows). In most cases of aortic dissection, the true lumen
usually occupies less of the cross sectional area of the aorta com-
pared to the false lumen. Extensive coronary artery calcification
is seen.

Figure 34.16. 2D oblique sagital maximum intensity projection
performed in the same 74-year-old man with exertional dysp-
nea. The full extent of the dissection can be appreciated, with
involvement of the entire aortic arch and descending aorta. The
true lumen is smaller than the false lumen but has a higher
contrast density.
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Figure 34.17. Coronal projection of a thoracic and abdominal
MDCT with contrast performed in a 58-year-old man with a
history of hypertension who presented with severe back pain.
A complex spiral dissection involving the descending aorta
can be appreciated (arrow). Based on the lack of ascending
aorta involvement, this is classified as a Stanford type B aortic
dissection.

Figure 34.19. Axial maximum intensity projection of a thoracic MDCT
with contrast performed in a 60-year-old man with known coronary
artery disease s/p CABG who presented with severe central chest dis-
comfort. The images show two large filling defects in the left and right
main pulmonary arteries (arrows), consistent with acute massive pul-
monary embolism.

Type B Aortic Dissection – Coronal Images

Massive Acute Pulmonary Embolism

Figure 34.18. Additional coronal images from the MDCT per-
formed in the 58-year-old man who presented with severe back
pain. The dissection appears to involve the origin of the left renal
artery (arrow).

Figure 34.20. Coronal maximum intensity projection of the thoracic
MDCT performed in the same 60-year-old man with severe central
chest discomfort. The images again show a large filling defect in the
right main and segmental pulmonary arteries (arrow), consistent with
acute pulmonary embolism.
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Figure 34.21. Axial projection of a thoracic and cervical spine MDCT with contrast per-
formed in a 27-year-old blunt trauma victim to investigate possible carotid artery dissection.
Incidentally noted was a large left-sided tension pneumothorax. Notable is mediastinal shift
to the right and marked collapse of the left lung (arrow).

Tension Pneumothorax
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CT Angiography of the Abdominal Vasculature

Kathleen Latouf, Steve Nanini, and Martha Villalba

INDICATIONS

The progress made by transitioning from axial imaging of soft
tissue (with single-detector CT scanners) to volumetric imaging
(by multidetector CTs [MDCTs]) has revolutionized vascular
studies. Arteries and veins throughout the body can now be visu-
alized in 3D reconstructions and rotated to see an aneurysm’s full
contour, for example, or visualized in planes to determine the
extent of the tear of an arterial dissection. Physicians in multiple
specialties are learning to incorporate MDCT-generated vascular
studies to see critical lesions – for the oncologist, the technology
can clarify the extent of involvement of a cancerous lesion around
a vein; the cardiologist obtains, with a brief period of noninvasive
imaging, intensely detailed 3D information on coronary vessel
plaques and patencies. The emergent use of MDCT angiography
(MDCTA) of the abdomen in the ED is in its nascent stages,
but promises to be a powerful tool for evaluation of a patient in
whom the ED physician suspects a vascular catastrophe. Clots,
bleeds, tears, and aneurysms can each represent limb- or life-
threatening pathological processes. CT angiography (CTA) of
the abdomen can truly alter management and dispositions.

DIAGNOSTIC CAPABILITIES

Aortoiliac System

Leaking or dissecting abdominal aortas, along with similar
lesions in the iliac vessels, are among the most anxiety-provoking
diagnoses for the emergency medicine physician. Other lesions,
such as aortoduodenal fistulas or arteriovenous malformations
in aortic branches, can also cause severe pain or hemodynamic
instability. If a patient is relatively stable, obtaining images via an
MDCTA provides invaluable information to the consultant. The
exact size and location of the lesion can be seen. More impor-
tantly, CTA reconstructions will closely approximate the site of
the leakage in case of aortic rupture or unstable aneurysm, false
lumens can be identified, and patency of renal vessels in anticipa-
tion of aortic surgery is also easily rendered. In the case of trauma,
the vascular data from an MDCT are quickly and accurately sup-
plemented with information on solid organs and skeletal injuries.

Renal Vasculature

As described previously, interrogating renal vessels in the context
of acute aortic trauma, leak, or dissection can help guide surgical
intervention. Numerous applications of CTA are also in use out-
side the ED. In renal transplant cases, the patency of renal hilar
arteries and accessory vessels in the donor can be determined.
The recipient’s vasculature is assessed for calcifications or steno-
sis to guide location of implantation. Similarly, surgery for renal
cancer depends on information on tumor burden surrounding
vessels and the presence of anomalous vessels. The search for
the cause of intractable chronic hypertension often includes a
study to determine whether renal artery stenosis is present. CTA
is well-suited to this task.

Mesenteric Vessels

In the ED, postprandial abdominal pain should prompt a search
for intestinal ischemia. CTA has been shown to be useful in
both arterial and venous occlusion in the mesenteric circulation,
and to demonstrate whether bowel injury from vascular com-
promise is present. Severe pain in the left upper quadrant can
often present a diagnostic dilemma; demonstration of a splenic
aneurysm, arteriovenous malformation, or inflammatory pseu-
doaneurysms in the celiac circulation is easily obtained with CTA.

Venous Thromboembolism

CTA is not limited to studies of arteries. Data acquisition of
thrombus in the inferior vena cava (IVC) or its contributaries
from the pelvis and proximal lower extremities can be useful in
guiding therapy regarding thrombolysis versus stent placement.
CTA has also been said to determine whether it is safe to remove
an IVC filter by visualizing whether clot is present in the filter.

IMAGING PITFALLS/LIMITATIONS

Most of the limitations of MDCTA studies are the same as those
of traditional axial CTs, including
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■ Contrast allergy: Allergy to contrast materials cannot be
ignored. A protocol should be available to guide the adminis-
tration of steroids and antihistamines to prevent severe reac-
tions. In the case of a previously life-threatening reaction,
obtaining an MDCTA study is not advisable.

■ Renal dysfunction: A cut-off value of creatinine levels above
which a contrast study cannot be performed is determined by
individual centers. Further conditions that potentially com-
promise renal function, such as a state of dehydration in a
diabetic patient whose blood sugar control is poor, should
be respected.

■ Dye infiltration: Contrast extravasation out of a catheter and
vessel and into surrounding soft tissue can cause pain and
swelling.

■ Pregnancy/breastfeeding: Weighing the risk of radiation to a
developing fetus or neonate versus the importance of iden-
tifying a life-threatening lesion is a challenge. Full disclo-
sure of risks must be made to the pregnant woman. For the
breastfeeding mother, pumping milk before a study for use
afterward is appropriate.

Figure 35.1. Sagital image with a normal aorta, celiac artery, and supe-
rior mesenteric artery (SMA).

Pitfalls more specific to MDCTA studies are as follows:

■ Artifact: Patients who are agitated or unable to remain still
will compromise the quality of the level of detail obtained.
Vessels will appear fuzzy, or intimal layers will not be clearly
differentiated. Patients should be sedated, if needed, to opti-
mize the study. Motion of internal organs also degrades
image integrity; however, this is a limited concern for abdom-
inal scanning. When contrast fills overlying or adjacent ves-
sels, structural artifacts can be produced.

■ Radiation exposure: The risk of radiation from CT scan-
ners has come under increased scrutiny in recent years.
Because MDCTA acquires data in a step-and-scan process,
this exposes a patient to more radiation than a patient under-
going traditional CT. Contrast bolus technology does help
coordinate radiation exposure, timing of contrast adminis-
tration, and phases of vascular flow.

CLINICAL IMAGES

Figure 35.2. Normal aorta and renal vasculature.
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Figure 35.3. 3D reconstruction demonstrating the aorta, celiac artery,
SMA, and inferior mesenteric artery (IMA).

Figure 35.5. This sagital image redemonstrates the abdominal aortic
aneurysm (AAA) seen in Figure 4.

Figure 35.4. Coronal image demonstrating a large aneurysm of the
distal abdominal aorta, 6.1 × 5.7 cm in diameter and 10.1 cm in length,
with extensive thrombus formation and wall calcifications. The true
lumen measures 3 cm. Note the tortuous nature of the aorta.

Figure 35.6. Large infrarenal AAA measuring 7.6 × 7.5 × 10.5 cm
in diameter. This was an incidental finding. The patient underwent
successful elective repair.
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Figure 35.7. Axial image with AAA.

Figure 35.9. Three-dimensional representation of AAA seen in Figure
35.8.

Figure 35.8. This patient presented to the ED with the complaint
of intractable back pain. CTA of the abdomen pelvis revealed this
infrarenal saccular AAA measuring 4.8 cm in diameter.

Figure 35.10. Three-dimensional representation of saccular AAA.
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Figure 35.11. Three-dimensional representation of AAA
extending into right iliac artery.

Figure 35.13. Accessory left renal artery.

Figure 35.15. Right renal artery stenosis seen on axial image.

Figure 35.12. Coronal image demonstrating right renal artery
stenosis. There are atherosclerotic changes in the abdominal
aorta with calcified plaques seen.

Figure 35.14. 3D representation of an accessory right renal
artery with bilateral renal artery stenting.

Figure 35.16. Splenic artery occlusion seen after it branches
from the celiac trunk.
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Figure 35.17. Splenic artery aneurysm associated with a large throm-
bus.

Figure 35.19. IMA branching from aorta. Stenosis and calcification at
the origin of the IMA are shown.

Figure 35.18. Coronal re-creation image of the splenic aneurysm with
thrombus in same patient as Figure 17.

Figure 35.20. High-grade stenosis of the SMA. Note that the SMA
branches off the celiac trunk in this patient rather than the aorta.
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Figure 35.21. SMA is partially occluded by a thrombus, as seen
in this sagital view.

Figure 35.23. Axial image of the same patient with an SMA
thrombus.

Figure 35.25. Large thrombus occupying the splenic vein.

Figure 35.22. 3D re-creation of the SMA occlusion in the patient
in Figure 35.21.

Figure 35.24. Another axial image from the same patient. How-
ever, there is no flow seen here, only thrombus, because this is
an image more distal than the previous one.

Figure 35.26. Sagital image of the same patient, which shows
the thrombus extending into the portal vein.
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Figure 35.27. On this axial image, there is thrombus seen in each of the
following: portal vein (white arrow), superior mesenteric vein (black
dashed arrow), and splenic vein (white dashed arrow).

Figure 35.29. Pneumatosis coli. Note the small round bubbles of air in
the wall of the colon.

Figure 35.28. Sagital cut of the same patient that shows the thrombus
at the confluence of the splenic and superior mesenteric veins.

Figure 35.30. Coronal image of the same patient with P. coli, especially
delineated in the right colon.
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CT Angiography of the Head and Neck

Seth TeBockhorst and J. Christian Fox

Noninvasive imaging techniques are playing an ever-increasing
role in the diagnosis and management of patients with lesions
of the vascular structures of the head and neck. In addition
to identifying the site and severity of stenosis, occlusion, or
trauma, imaging of the vasculature of the head and neck can
provide vital information regarding tissue injury and perfusion
(location, size, and degree of reversibility or hypoperfusion).
The choice of the imaging test depends on patient character-
istics, the disease condition, the availability of technique and
equipment, and the preference of the interpreting physician.
Increasingly, CT angiography (CTA) and magnetic resonance
angiography (MRA) are replacing digital subtraction angiogra-
phy (DSA) in the evaluation of cervicocranial vascular disorders.
Evaluation of many vascular disorders is easily accomplished
by either MRA or CTA, and the choice between the two may
well rest on the availability of equipment or the preference of
the interpreter. In many instances, DSA may be reserved for
occasions when CTA/MRA findings are equivocal or not con-
sistent with clinical symptoms. In the case of CTA, the rapid
availability of information allows the astute physician to triage
patients to appropriate therapies quickly, when the opportunity
to treat patients with salvageable tissue who may benefit most
from acute therapies is greatest. In one scanning session, CTA can
provide information regarding early ischemic changes, demon-
strate hypoperfusion/ischemic penumbra, and locate vascular
lesions. In addition, because most CTA studies follow estab-
lished technical parameters for acquisition of data, the level
of ability or experience of the operator has a relatively small
effect on the quality of the clinical information provided by such
studies.

In comparison with catheter angiography, what CTA gives
up in resolution and dynamic properties it makes up for with
rapid acquisition of a 3D data set and the potential for assessment
of whole-brain perfusion. Moreover, CTA illustrates not only
arterial stenosis or occlusion, but also the vessel wall. This factor
is most pertinent in the assessment of intramural dissection
and thrombosed aneurysms, both of which may complicate
evaluation of stroke patients. Most important, CTA is minimally
invasive when compared with conventional angiography, and

because CTA uses a peripheral venous contrast injection,
there is a reduced risk of local hematoma, pseudoaneurysm,
spasm, thrombosis, dissection, and distal embolization when
compared with the arterial puncture required for conventional
angiography.

The 3D reconstructions produced by CTA are similar to
those obtained with MRA, and the short imaging time of CTA
may improve patient compliance when compared with MRA
(especially in the claustrophobic patient). Unlike MRA, CTA can
provide information about the presence of calcifications within
atherosclerotic plaques, a feature that may be valuable to the
physician performing angioplasty. Another area in which CTA is
superior to MRA is in depiction of the relationship of intracranial
aneurysms to adjacent bony structures. Of course, CT remains
indispensable in the circumstance where there are contraindica-
tions to MRI such as pacemakers and patient intolerance due to
anxiety or motion.

Multimodal CT techniques, that is, scans that employ non-
contrast CT, CT perfusion (CTP) imaging, and/or CTA, can
rapidly provide data regarding the state of vascular anatomy and
tissues contained in the head and neck, and thereby allow physi-
cians to streamline the care of the hyperacute patient. CTA and
CTP can be performed immediately after conventional CT scan-
ning, while the patient is still in the scanner, requiring only 5
to 10 min of additional time. Although detailed quantitative
assessment of tissue perfusion is still evolving, CTP offers the
advantages of assessing both reversible and irreversible ischemia
through the generation of maps of cerebral blood volume, cere-
bral blood flow, and contrast mean transit time. In addition to
providing information about the severity of ischemia, CTP can
be used to differentiate the core infarcted area from ischemic
penumbra and to predict tissue outcome (1). Thus, CTA and
CTP may aid the physician in identifying those regions of salvage-
able brain tissue, which may be amenable to reperfusion ther-
apy. An alternative method involves the use of source images of
CTA (CTA-SI) to produce whole-brain perfused cerebral blood
volume-weighted images. This is attractive in that it provides per-
fusion data, but obviates the need for a second contrast bolus;
however, this technique has not been validated in clinical trials.
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INDICATIONS

CTA of the head and neck is perhaps most useful in the man-
agement of patients who present with signs and symptoms of
acute stroke; where the use of IV recombinant tissue plasmino-
gen activator must be considered; in patients with suspected
rupture of intracranial aneurysms or subarachnoid hemorrhage;
and in patients who present post trauma with penetrating neck
injuries, where the decision must be made between managing
the patient medically and/or surgically. In addition, conditions
that can mimic stroke such as seizures, metabolic abnormalities,
and nonorganic conditions may be difficult to distinguish from
acute brain ischemia on purely clinical grounds. Thus, a diagnos-
tic study that is widely available, rapid, and easily interpretable is
of great value in triaging patients to appropriate therapies. CTA
is all of these.

Ischemic and Hemorrhagic Stroke

Stroke is the third most common cause of death and the most
common cause of disability in the United States, and is thus one
of the most important clinical indications for which patients
undergo emergent imaging. The time-critical nature of this dis-
ease has been shown in many studies, with dexterous manage-
ment having been shown to significantly improve outcome and
lower the chances of the hemorrhagic complications (2–12).
Timely and accurate imaging is a necessary ingredient in such
management, guiding admission, anticoagulation, thromboly-
sis, and many other forms of treatment.

Risk factors for stroke include age older than 45 years, hyper-
tension, previous stroke or transient ischemic attack, diabetes
mellitus, high cholesterol, cigarette smoking, atrial fibrillation,
migraine with aura, and thrombophilia. Key components of
a history include the time course of the onset of symptoms;
seizure activity; any recent events (stroke, myocardial infarction,
trauma, surgery, bleeding); comorbid diseases (most impor-
tantly, hypertension and diabetes mellitus); and the use of antico-
agulants, insulin, or antihypertensives. Physical exam of the head
and neck may reveal signs of trauma or seizure (contusions or
lacerations), carotid bruits, or jugular venous distention. If there
is clinical suspicion of acute stroke, a thorough neurological
exam should be performed immediately. Exam of other systems
is most likely to reveal comorbid conditions such as myocar-
dial ischemia, valvular conditions, jaundice, purpura, and
petechia.

The presentations of stroke are manifold, and the initial eval-
uation of suspected ischemic or hemorrhagic stroke requires a
rapid, but broad assessment. The most common cause of hem-
orrhagic stroke is subarachnoid hemorrhage, the classic presen-
tation of which is sudden onset of a severe headache, often
described as “the worst headache of my life” or a “thunder-
clap” headache, in the absence of focal neurological deficit.
The onset of the headache may be associated with a brief loss
of consciousness, seizure, nausea, vomiting, buckling of the
knees, or stiff neck. In distinction, intracerebral hemorrhage
typically presents with the abrupt onset of focal neurological
deficit that worsens steadily over 30 to 90 min. Altered level
of consciousness, stupor, coma, seizure, headache, vomiting,
and signs of increased intracranial pressure are also common.
Although these presentations are familiar to most physicians,
it is also clear that the constellation of symptoms with which
hemorrhagic stroke may present are many and varied, can be

quite vague, and thus require a keen eye on the part of the
diagnostician.

The most common cause of ischemic stroke is atherosclero-
sis, with or without superimposed thrombosis; an embolic cause
of ischemic stroke is much less common. The most relevant his-
torical item in distinguishing between embolic and atheroscle-
rotic ischemic stroke subtypes is the time course of neurolog-
ical symptoms. The neurological deficits of stroke related to
atherosclerosis/thrombosis often occur in a progressive but fluc-
tuating manner, with symptoms occurring and remitting spo-
radically. The central feature of acute embolic stroke is one of
sudden focal neurological deficit, with the severity of symp-
toms being maximal at onset. Rapid recovery from symptoms
also points to an embolic cause. The patient with either type of
ischemic stroke classically awakens from sleep with the neuro-
logical deficit (which may make determination of time of onset
difficult), but symptoms may appear at any time. The clinical
features of the presentation of ischemic stroke depend on the
artery that is occluded, with the middle cerebral artery (MCA)
being most common. Neurological deficits seen with involve-
ment of the MCA include, but are not limited to, contralateral
hemiplegia and hemisensory loss, aphasia (if the dominant hemi-
sphere is involved) or dysarthria, apraxia, and contralateral body
neglect.

The mean arterial pressure of patients with acute stroke is
usually elevated, which may represent chronic hypertension or a
physiological response to hypoperfusion of the central nervous
system. The latter of these two etiologies must be considered
when making treatment decisions, which is to say that one must
be wary of a decline in neurological function when blood pres-
sure is lowered. Patients with acute stroke may also present with
hypoventilation and resultant hypercapnia, which can produce
a deleterious increase in intracranial pressure and may require
artificial ventilation.

CTA is of particular use in identifying subtle, early poten-
tial sources of embolism or low flow in ischemic stroke, as well
as in detecting possible aneurysms or vessel malformations in
hemorrhagic stroke, all of which may affect decisions about
treatment. Signs of large or evolved infarction are correlated
with a higher risk of hemorrhagic transformation after treat-
ment with thrombolytic agents, and are thus contraindications
to such treatment. Neuroimaging with CTA/CTP may improve
the selection of patients to be treated with reperfusion thera-
pies by identifying regions of salvageable brain tissue, a low risk
for hemorrhagic transformation, or occlusions of large arteries
that may or may not be amenable to therapy. The information
provided by CTA regarding the precise site of vascular occlu-
sion and the patency of major sources of collateral flow may in
fact make it possible to immediately target the vessel of inter-
est, and thereby avoid the need for other tests that may fur-
ther delay thrombolytic administration. If perfusion imaging is
unable to demonstrate territories at risk for infarction, it may
be that the risk of hemorrhage outweighs the potential for ben-
efit from thrombolysis. Imaging done prior to the administra-
tion of thrombolytic agents should address this question. Also,
by detecting persistent occlusion after thrombolytic treatment,
CTA may expedite patient triage to catheter-based interven-
tions. The American Heart Association/American Stroke Asso-
ciation’s 2007 guidelines regarding the use of CT in the evalu-
ation of patients with acute stroke state that, for patients who
are candidates for reperfusion therapy, the goal is to complete
the CT (noncontrast CT or multimodal CT) examination within
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25 min of arrival at the ED, with study interpretation occurring
within an additional 20 min (8). For patients with symptoms of
ischemic stroke that occurred or have persisted for several days
to weeks, CTA of the head and neck without perfusion imaging,
followed by conventional brain MRI, may be most useful. CTP
is not generally needed because most available treatments for
patients in this clinical scenario do not involve perfusion data
input (e.g., carotid endarterectomy), but individual cases may
vary.

Trauma

For patients who suffer traumatic injuries to the head or neck,
there is little controversy regarding the management of those who
are hemodynamically unstable or those who present with direct
evidence of vascular injury, surgical exploration/intervention is
generally agreed on. However, controversy remains with regard
to the management of patients with stable vital signs where
the low yield of both surgical exploration and conventional
angiography, as well as the morbidity associated with each, begs
for a more conservative approach (13–16). CTA is accurate,
more rapid, less expensive, and requires less staffing than sur-
gical exploration or conventional angiography. In other words,
CTA is a cost- and time-effective method for the acquisition of
angiographic data that are easy to integrate into rapid trauma
workup. Often, patients with signs of vascular injury on CTA
may be taken directly to surgery without further imaging or
conventional angiography. In addition, postprocessing tech-
niques available with CTA allow for 3D reconstructions that
may be useful in surgical planning, especially those recon-
structions that resemble the conventional angiogram images
familiar to many surgeons. The caveat to CTA in this setting
is that, although CTA has been shown to be useful in the
evaluation of penetrating trauma of the head and neck, the
utility of CTA in the management of blunt trauma is more
equivocal.

Carotid or vertebral artery dissection is most commonly
caused by blunt (severe hyperextension) or penetrating (stab
or gunshot wound) trauma, but may also be spontaneous and
has been associated with certain risk factors, including hyperten-
sion, diabetes mellitus, smoking, hyperlipidemia, and prolonged
hyperextension or lateral rotation of the cervical spine. The
pathogenesis of spontaneous dissections is frequently unknown
but may be related to certain connective diseases, including
fibromuscular dysplasia, Ehlers-Danlos type IV, Marfan syn-
drome, autosomal dominant polycystic kidney disease, osteo-
genesis imperfecta type I, and cystic medial necrosis. Patients
with arterial dissection typically present with headache (usu-
ally preceding a cerebral ischemic event, unlike the headache
of stroke, which accompanies or follows the ischemic event),
episodic blindness (amaurosis fugax), ptosis with miosis and
pain (i.e., a painful partial Horners syndrome), neck swelling,
or pulsatile tinnitus. Conventional arteriography remains the
gold standard for diagnosis of dissection, but, for the reasons
already given, a less invasive study is desirable when appropri-
ate. In the hemodynamically stable patient, MRI and MRA usu-
ally show superior soft tissue contrast and have a higher sen-
sitivity for detection of ischemia (17), and thus may be the
preferable noninvasive study for arterial dissection. When a
more rapid workup is needed, or when there is a contraindi-
cation to MRI or a lack of availability of equipment, CTA is
indicated.

DIAGNOSTIC CAPABILITIES

Ischemic and Hemorrhagic Stroke

The availability of a triage mechanism that can identify patients
with cerebral ischemia or hemorrhage and exclude those with
strokelike symptoms, but without stroke, is crucial to the suc-
cessful management of patients presenting with the symptoms
described previously. Initial noncontrast CT followed immedi-
ately by CTA and CTP provides a rapid yet thorough assess-
ment of potential intracranial hemorrhage, stroke mimics, large
evolved infarct, arterial clot and stenosis, infarct size and loca-
tion, and penumbra. The traditional reason for performing non-
contrast CT initially is to exclude hemorrhage and obvious non-
infarct disorders (e.g., tumor). Although useful in this regard,
noncontrast CT may also yield signs leading directly to a diagno-
sis of infarct. Rapid availability of MRI may tempt the physician
to use MRI in lieu of CT scanning in the evaluation of acute
stroke, but in most situations, multimodal CT scanning can be
performed before the patient is cleared and prepared for MRI. CT
methods may, in fact, provide more useful data, such as increased
vessel detail, as described previously.

Systematic reviews of the literature have concluded that CTA
compared with conventional angiography is an accurate method
for diagnosis of 70% to 99% carotid artery stenosis (18,19). Sen-
sitivity and specificity have ranged from 0.77 to 0.97 and 0.95
to 0.99, respectively. This is an important conclusion given the
implication that CTA, used cautiously, may replace the more
invasive conventional angiography and that certain authors rec-
ommend surgery for asymptomatic patients with 60% to 99%
stenosis and for symptomatic patients with 50% to 99% stenosis.
Compared with DSA, CTA has shown a sensitivity of at least 0.89
for detecting flow abnormalities in the circle of Willis (20).

CTA, in combination with either CTP or CTA-SI, has been
shown to be accurate in the detection of cerebral ischemia, with
a sensitivity and specificity of at least 0.78 and 0.93, respectively,
when compared with follow-up CT or MRI (21–23). These tests
have also demonstrated a high sensitivity and specificity (>0.90)
in the evaluation of stroke extent as estimated by ASPECTS
score. In addition, it seems that these techniques are equivalent
to diffusion- and perfusion-weighted MRI in the assessment of
acute cerebral perfusion deficit (22–25), but are free of the logis-
tical considerations inherent to MRI.

Rupture of an intracranial aneurysm is a leading cause of
nontraumatic subarachnoid hemorrhage (SAH), which carries
a very poor prognosis – a case fatality rate of 45% within 30 days of
initial bleed (26). Surgical intervention is directed at minimizing
the occurrence of rebleeding, the risk of which is highest in the
24 h after initial hemorrhage; thus, if indicated, surgical interven-
tion should be performed as soon as possible. Although neither
achieves the resolution of conventional angiography, CTA and
MRA are both noninvasive tests that are useful for screening and
presurgical planning after diagnosis of SAH by noncontrast CT.
In the acute stages of SAH, MRA is less appropriate than CTA
due to constraints that MRA may place on patient monitoring,
motion artifacts from patient movement, and the need to move
the patient to an MR suite after performance of a noncontrast
CT. As one might ascertain, while the patient is still in the scan-
ner, CTA can immediately follow the initial noncontrast CT with
which the diagnosis of SAH has been made. Additional scan time
is minimal, and CTA has been shown to reliably detect aneurysms
3 to 5 mm or larger (27–29), which often obviates the need for
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conventional angiography and the associated complications and
costs. In addition, CTA has been shown to provide more infor-
mation than conventional angiography regarding the shape of an
aneurysm, its relationship to surrounding bony and vasculature
structures, and the characteristics of the neck of the aneurysm
(particularly the presence of calcifications, and its relationship
to the skull). This 3D information can be very useful in surgical
planning. For these reasons, CTA is increasingly used in lieu of
conventional angiography in patients with suspected or known
SAH. The sensitivity and specificity of CTA for the detection of
aneurysms 3 mm or larger, with conventional angiography as
the standard, are greater than 0.93 and 0.88, respectively, with
numerous reports, including unity in their estimation of both
(27,29,30). The accuracy of CTA in the detection of aneurysms
smaller than 3 mm is less established, and although transcra-
nial Doppler ultrasound may improve diagnostic performance,
aneurysms of this size may not be reliably detected.

Trauma

Many patients who present with signs of trauma to the head,
neck, or great vessels receive noncontrast CT imaging as part
of the initial diagnostic workup, making the utility of CTA in
patients with suspected vascular injury due to trauma potentially
quite large. As discussed previously, CTA can be performed after
initial noncontrast CT while the patient is still in the scanner. In
addition, CTA provides diagnostic information about adjacent
structures, such as the cervical spine and aerodigestive tract, that
one cannot expect from conventional angiography. CTA may
be preferable to ultrasound in many instances because of greater
emergent availability of equipment and operator skill, while con-
cerns over metallic foreign bodies as well as the logistic feasibility
of performing MRI in acutely injured patients may preclude the
use of MRI/MRA in some cases.

In comparison with the gold standard of conventional arte-
riography, CTA has been shown to be both highly sensitive and
specific (values range from 0.9 to 1) in the diagnosis of all vascu-
lar and aerodigestive tract injuries caused by penetrating trauma
(31–33). As noted previously, the utility of CTA in blunt trauma
is more equivocal; CTA has not yet been shown to be a viable
substitute for cerebral angiography. The discrepancy in the diag-
nostic capability of CTA for injuries caused by penetrating and
blunt trauma might be due to the fact that injuries caused by pen-
etrating trauma are usually close to the visualized injury tract,
whereas vascular injuries related to blunt trauma may occur any-
where along the course of the carotid or vertebral arteries.

IMAGING PITFALLS/LIMITATIONS

Technical factors such as slice thickness, length of coverage, kilo-
volt and milliampere settings, and bolus delay time can influence
the accuracy and speed with which a CTA is obtained. For exam-
ple, studies may be less than optimal if the bolus delay time is not
adjusted such that the time of scanning coincides with the time
of peak intraarterial contrast concentration. Technical specifi-
cations are especially important in the use of perfusion maps
generated using CT, where motion artifact may not only make
the maps uninterpretable, but may also lead to erroneous inter-

pretation. Although scanners from different manufacturers may
vary slightly in the combination of technical specifications that
produce optimum studies, many of these specifications are pro-
vided or known, and CTA alone usually represents a relatively
low technical burden on both operator and patient.

Because CTA requires an iodinated contrast bolus, known or
suspected renal failure is a relative contraindication for its use.
This is especially true in patients with diabetes or congestive heart
failure. Allergy to the contrast material may also preclude the use
of CTA. If either factor emerges as a contraindication to CTA,
triage of the patient to MRI, gadolinium-based CT imaging, or
catheter angiography may be indicated.

The radiation dose administered during CTA is compara-
ble to that of conventional angiography and is within the safe
limits for diagnostic radiological assessments for adults. Con-
cern may arise with multiple repeat scans, where the most likely
adverse effect of radiation exposure is cataract formation or thy-
roid malignancy. Care should also be exercised in children and
pregnant women, where the risks of radiation exposure from CT
scanning are, to a large extent, unknown, but certain studies have
shown an increased risk for malignancy or retardation (34).

Stroke

As discussed previously, CTA can be very useful in the emergent
imaging and diagnosis of stroke. However, conventional angiog-
raphy may still be required after CTA in certain cases. These
include dissecting aneurysms where information about true and
false lumens is desired, where CTA is unable to demonstrate
the nature of certain small arteries (conventional angiography
has higher spatial resolution, and CTA does not always delineate
arteries less than 1 mm in diameter), and aneurysms located in
close proximity to the skull base, where it may be difficult to dis-
tinguish them amidst bony structures (but the relation to bone
can be an advantage during surgery). The performance of DSA
after a questionable CTA requires the administration of greater
amounts of potentially nephrotoxic contrast. However, this may
be well tolerated in the setting of good renal function, adequate
hydration, and possible pre- and postimaging diuretic treatment.

In the case of aneurysms that are directed inferiorly and are
located close to the skull base, it may be necessary to carefully
remove the bone from image reconstructions, which is a time-
consuming process. This could potentially delay treatment in a
setting where such a delay could have far-reaching implications.
As mentioned in the “Diagnostic Capabilities” section of this
chapter, it should also be kept in mind that CTA is relatively
insensitive for the detection of aneurysms less than 3 mm.

Trauma

Artifacts produced by bullet or other metallic fragments may
limit the utility of CTA in the setting of penetrating trauma of
the neck. Lack of visualization of an arterial segment because of
an artifact should be considered an indication for conventional
angiogram. Conventional angiography also has the advantage
of allowing for therapeutic interventions immediately following
diagnosis, whereas CTA only provides information for triage to
endovascular therapy.
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CLINICAL IMAGES

Figure 36.1. Normal CT angiogram of the head.

Figure 36.3. Normal 3D reconstruction done from CT angiogram of
the neck.

Figure 36.2. Normal 3D reconstruction done from CT angiogram of
the head.

Figure 36.4. Normal 3D reconstruction done from CT angiogram of
the neck with bony structures.
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Figure 36.5. Aneurysm of the right middle cerebral artery bifurca-
tion measuring approximately 3 x 7 mm. A nipple which extends into
the apparent right temporal lobe hematoma suggestive of dissecting
aneurysm.

Figure 36.7. An aneurysm of the right internal carotid artery at the level
of the right posterior communicating artery projecting posteriorly and
inferiorly measuring 6 mm. The neck measures 4 mm.

Figure 36.6. Slice view of the same aneurysm in Image 5.

Figure 36.8. Sagital section of a 0.6 cm aneurysm in the anterior com-
municating artery.



CT Angiography of the Head and Neck 503

Figure 36.9. Coronal section of same aneurysm in Images 8 and 10.

Figure 36.11. 6 mm bilobed anterior communicating artery aneurysm.

Figure 36.10. Transverse section of same aneurysm in Images 8 and 9.

Figure 36.12. 3D view of large right middle cerebral artery bifurcation
aneurysm measuring 1.1 cm x 0.7 cm and surrounding structures.



504 TeBockhorst and Fox

Figure 36.13. 85% stenosis at the bifurcation of the left carotid artery.
75% stenosis at the bifurcation of the right carotid artery. There is a
large amount of vascular calcification.

Figure 36.15. 85% stenosis of the right internal carotid artery; of the
proximal, mid, and distal portions. Tubular narrowing extends to the
cavernous portion of the right internal carotid artery.

Figure 36.14. 85% to 90% stenosis of the left carotid artery at the
bifurcation.
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CT Angiography of the Extremities

Adam Tuite, Michael Anderson, and Christine Kulstad

CT angiography (CTA) (1) and magnetic resonance angiogra-
phy (MRA) are used instead of conventional angiography for
many cases requiring evaluation of the blood vessels. Advantages
of CTA compared with conventional angiography include the
avoidance of arterial puncture, reduced radiation exposure, and
reduced contrast load, with less resultant risk of renal toxicity (2).
CTA is often more convenient for emergent evaluation because it
does not require mobilization of the interventional radiography
team. It is usually more readily available than MRA and avoids
the monitoring limitations of the MRI suite. This chapter dis-
cusses the indications, diagnostic capabilities, and limitations of
CTA of the upper and lower extremities, followed by images of
important pathological findings.

INDICATIONS

CTA, like conventional angiography, should be performed after
traumatic injuries in patients whose injured extremity is pulse-
less, has a neurological deficit, has an expanding hematoma, or
has a bruit or thrill (3). It may also be required in penetrating
trauma where the path of injury lies near an important vessel,
with limb color or temperature change, or in blunt trauma with a
suspicious mechanism, such as knee dislocations. Nontraumatic
indications include patients who present with a cool, painful
extremity suggestive of acute arterial insufficiency (4), or in sus-
pected arteriovenous fistulas or aneurysms. Other indications
more appropriate to the outpatient setting include evaluation of
the extent of peripheral vascular disease for operative planning
and evaluation of existing vascular grafts for patency (5).

DIAGNOSTIC CAPABILITIES

CTA can be used to detect most vascular lesions, including
thrombus, aneurysm, arteriovenous fistulas, and injury to the

vessel wall. CTA is useful in detecting traumatic injuries, with
sensitivity of 95% and specificities from 87% to 98% (6,7). 3D
reconstruction allows the creation and manipulation of images
of the arterial system of the involved extremity. All nonvascular
images can be removed, and the resulting model can be rotated
to view vessels from different angles and to remove overlapping
vessels from the field of view.

IMAGING PITFALLS/LIMITATIONS

Suitable images require multidetector scanners and appropri-
ate reconstruction software. Scanners with a smaller number
of detectors, such as eight or sixteen, will offer lower-quality
images compared with newer sixty-four detector scanners. Incor-
rect patient positioning and patient movement can decrease the
image quality and produce artifacts suggestive of stenosis (5).
In addition, it is important to coordinate timing of the injec-
tion with scanning. The contrast material is rapidly injected into
a peripheral vein and followed with a bolus dose of saline. The
material then enters the arterial circulation, and scanning should
be timed to coincide with filling of the vessels. This can be diffi-
cult in low flow states such as poor cardiac output and significant
stenosis, with incomplete opacification resulting in poor quality
images (8). Full evaluation requires acquisition and manipula-
tion of large amounts of data, which requires time and significant
computational resources (9). In addition, since CTA is not per-
formed in real time but produces static images, it may be difficult
to delineate vascular occlusion and other vascular injuries from
vasospasm. Patients with dye allergies or renal dysfunction may
not tolerate the contrast required.
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CLINICAL IMAGES

Figure 37.1. Major arteries of the upper extremity.

Figure 37.2. Major arteries of the lower extremity.
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Figure 37.3A–D, transverse sections; E, coronal section. Left superficial
femoral artery and vein injury with fistula formation. A thrombus is also
noted in the left popliteal vein. The patient suffered a gunshot wound to
the distal left femur.
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Figure 37.4A–C, transverse sections; D,E, coronal sections. Disrup-
tion of the left brachial artery. The patient sustained a gunshot
wound to the left arm.
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Figure 37.5A–C, transverse sections; D, coronal section. Right posterior tibial artery pseudoaneurysm.
The patient suffered a gunshot wound to the right leg with associated right tibial and fibular fractures.

D

C
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Figure 37.6A–C, transverse sections; D, coronal sec-
tions. Right distal popliteal artery occlusion. The
patient sustained a deep laceration to his right calf
after being injured by a circular saw.
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Figure 37.7A–B, coronal sections; C, 3D reconstruc-
tion. Left axillary artery transection. The patient suf-
fered a gunshot wound to the left axilla.
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Figure 37.8A–C, transverse sections; D, coronal section. Left subclavian artery transection. The patient sustained
multiple gunshot wounds to the left chest and distal right forearm.
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Figure 37.9A–C, coronal sections; D, 3D reconstruction. Left brachial artery transection. The patient was trapped between a forklift and a piece
of machinery. He also suffered an open humerus fracture to the left arm.
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Figure 37.10A–B, transverse sections; C, coronal sec-
tions. Right popliteal artery pseudoaneurysm. The
patient sustained a gunshot wound to the right medial
thigh.
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B

Figure 37.11A–C, transverse sections; D, 3D reconstruction. Right superficial femoral artery occlusion. The
patient suffered multiple gunshot wounds to his bilateral thighs and the right scapular region.
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The Physics of MRI

Joseph L. Dinglasan, Jr. and J. Christian Fox

Although CT continues to be the diagnostic imaging modality of
choice for many clinical situations facing the emergency physi-
cian, MRI is quickly becoming the preferred alternative for eval-
uating certain complaints. Not only does MRI spare the patient
from exposure to the ionizing radiation of CT, but it also has a
well-deserved reputation of producing superior images of soft
tissue structures, such as tumors, abscesses, the brain, and the
spinal cord. This chapter elucidates how these amazing images
are derived, in the simplest of terms and without any of the
anxiety-inducing equations for which physics is famous.

ESSENTIAL PHYSICAL PRINCIPLES

Before one can understand the physics of MRI, it is important
to review some of the essential physical principles that make
MRI possible. Recall from your high school physics class that the
hydrogen atom consists of a proton nucleus, which carries a unit
of positive electrical charge, and a single electron, which carries a
negative charge equal in magnitude to that of the proton. These
hydrogen atoms are the simplest and most abundant elements
in the human body, serving as the basic building blocks of every-
thing from water molecules to lipids to proteins. The atomic

Figure 38.1. When an external force is applied to change the axis of rotation of an atom, angular momentum
results in these particles rotating around such forces. This is known as precession.

nuclei of these hydrogen atoms, in addition to many others, act
as small magnets due to the small magnetic dipole moments that
they carry. These “moments” refer to the tendency of the object
to move, as in “momentum.”

These protons also carry an angular momentum in addition
to their magnetic moment, which can be visualized in real time by
the same spinning tops that continue to amuse children today.
Angular momentum is the tendency for a spinning object to
continue to spin about the same axis. When the axis of rotation
is altered by an applied force, the angular momentum results in
precession, such that these objects or particles rotate around such
forces (Fig. 38.1). The rate at which an object precesses is directly
proportional to both its angular momentum and the strength of
the forces that tend to change it.

Another important principle to understand is the reciprocal
relationship between magnetism and electricity. Not only does
a current of moving electrical charges generate a magnetic field,
but time-varying magnetic fields in turn create electrical fields
that promote the flow of electrical charges. In these magnetic
fields, magnets experience an aligning force, whereby the “north”
pole of one magnet tends to be attracted to the “south” pole of
another, driven by the goal of achieving a lower energy state in
which the entire system is in equilibrium.
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A

B

Figure 38.2. The magnetic field, BO, may run either (A) perpendicular
to the axis of the body in an “open” configuration or (B) parallel to
the body in a “closed” configuration.

MRI instruments take advantage of these fundamental prin-
ciples. In fact, all MRI instruments contain a homogeneous mag-
netic field that is required to establish longitudinal magnetization
of the protons within it. Many instruments achieve this by using
permanent magnets that directly create magnetic fields, which
are oriented along an axis extending between the two poles of a
magnet. This is illustrated in Figure 38.2A, in which the mag-
netic field generated by the permanent magnet is perpendicular
to the scanner table in an “open” configuration. In contrast, a
magnetic field can also be generated perpendicular to an electri-
cal current flowing along a cylindrical coiled wire, resulting in
a “closed” configuration in which the subject is enclosed in the
magnet. The strength of the magnetic field generated by most
standard MRI machines is 0.5 tesla (T), which is approximately
5,000 gauss, or equivalent to 10,000 times the strength of the
Earth’s magnetic field. Newer MRI machines used for research
applications generate even stronger magnetic fields of 1.0 T and
higher. This is done using superconducting magnets that take
advantage of special materials and cooler temperatures to mini-
mize the resistance to the flow of electrical current.

FORMATION OF THE MRI

The secret of MRI lies in nuclear magnetic resonance (NMR)
technology first pioneered by Felix Bloch and Edward Purcell in
1946. Typically, at any given moment, the proton spins of atomic
nuclei are randomly oriented in space, dictated by the intrin-
sic magnetic moments mentioned previously that are derived

A

B

C

Figure 38.3. Electron excitation. A: Proton spins nor-
mally orient randomly in the absence of an external
magnetic field so the net magnetization vector M is 0.
B: When an external field is applied, the intrinsic pro-
ton spins align either in parallel or in antiparallel with
the magnetic field so M is parallel with the z-axis. C:
A radiofrequency pulse applied to the magnetic field
causes the protons to flip their spins away from the
field so M approaches the x-y plane.

from the angular momentum of revolving electrons. Bloch and
Purcell independently discovered that placing hydrogen atoms
in a powerful magnetic field aligns the intrinsic spins of these
protons almost in parallel or antiparallel with the applied field
(Fig. 38.3).

Radio waves generated from an electrical coil can then be
used to excite these protons so they flip their spins away from the
direction of the magnetic field. The longer the frequency of this
radio pulse, the larger the net magnetization vector M will deviate
from the direction of this field. Once the pulse stops, the proton
spins relax back to their lower energy state, releasing energy as
electromagnetic waves at frequencies that can be detected by the
same emission-reception coil. A different set of coils can then
be used to apply magnetic gradients that alter these frequencies
in such a way that their location can be determined in three
dimensions.

Initially, a wide range of frequencies corresponding to
the various locations along the imaging gradients comprise a
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continuously varying, or analog, waveform. Before these data
can directly indicate the spatial location of the protons they orig-
inated from, the MR signals must first undergo analog-to-digital
conversion, such that the initial waveform is now in the form
of a set of numbers that represent distinct time points along the
waves. An MR acquisition computer then processes this infor-
mation and arranges it into a 2D map of digital space known as
k-space.

Each point in k-space contains data from all portions of an
MRI. For example, the data point forming the dark center of
the k-space image contains information about the intensity and
contrast of the entire image. The data points in the periphery,
however, encode information about the fine details of the image.
This 2D image of k-space then undergoes a process known as
Fourier transform analysis, which yields pixel data that represent
the MR signal amplitude from that spatial location, generating
the 3D MRI that we have all come to appreciate.

IMAGE CHARACTERISTICS

The intensity of MRI signals traditionally correlates to three char-
acteristics of the tissue being imaged: proton density, T1 relax-
ation time, and T2 relaxation time. As the proton spins return
to their relaxed state following radiofrequency excitation, they
travel in both the z-axis (which corresponds to the T1 longitudi-
nal relaxation time in parallel with the magnetic field) and the
x-y plane (which corresponds to the T2 transverse relaxation time
perpendicular to the magnetic field).

Properties of the tissue’s molecular environment directly
influence the T1 and T2 relaxation values. Proton–proton inter-
actions, the efficiency of energy absorption, and inhomogeneities
in the magnetic field may all play a role. Depending on the tis-
sue involved, T1 values may range from roughly 300 to 2,000
ms, whereas T2 values can be found significantly lower from
about 30 to 150 ms. MRI studies using different radio wave pulse
sequences can be tailored to accentuate either of these T1 or T2
values, depending on what characteristic of the tissue would like
to be emphasized on the image. Most studies currently employ
the spin echo (SE) pulse sequence by modifying the repetition time
(TR) and echo time (TE) intervals to accentuate either value.

TR is a direct reflection of image acquisition time during T1
relaxation, whereas TE corresponds with the image formulated
during T2 relaxation time. Image contrast is maximized in either
short TR intervals (<600 ms) or long TE intervals. Therefore,
when the image is captured so that both TR and TE intervals are
short, the T1 relaxation is emphasized and the image is said to be
T1 weighted. Likewise, when longer TR and TE intervals are used
during image acquisition, the T2 relaxation time is emphasized
and the image is said to be T2 weighted. When a mix of both
is achieved, using a long TR and short TE, the image depends
mainly on proton density and is neither T1 nor T2 weighted. Table
38.1 lists representative relaxation times for several biological
tissues.

T1 times are generally longer than T2 times. The greater
proportion of free water molecules in low viscous compounds
such as body fluids and muscle account for the longer relaxation
times not seen in rigid compounds such as bone.

T1, T2, and proton density depend largely on the state of
matter of the biological tissue, ranging from free water to solid
bone. There is a dynamic equilibrium in soft tissue between the
water molecules bound to proteins and the water molecules that
are essentially free (Fig. 38.4). Because the free water component

Table 38.1: Ranges of NMR Relaxation Times for Several
Biological Tissues

Tissue Type T1 (ms) T2 (ms)

Bone 0.001–1 0.001–1
Muscle 460–650 26–34
Fat 180–300 47–63
Body fluid 1,000–2,000 150–480
White matter 220–350 80–120
Gray matter 340–610 90–130

has intrinsically longer T1 and T2 value times, it comprises the
largest percentage of the MRI signal. The bound component of
water and the dynamic division between free and bound water
alter the relaxation processes between different tissues, thus con-
tributing to the three contrast mechanisms.

How do these three different contrast mechanisms trans-
late to images with different visual characteristics? Here is an
oversimplified rule of thumb: T1-weighted images look similar to

B

A

Figure 38.4. Free water versus bound water. A: Biological water
that is considered “free” is not in immediate proximity to macro-
molecules such as phospholipids, proteins, or DNA, making it
highly disorganized and mobile. B: “Bound” water, in contrast, is
restricted in its movement primarily by hydrogen macromolecules.
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gross specimens. This is because water appears dark while fatty tis-
sues appear bright on T1-weighted images. In other words, cere-
brospinal fluid (consisting predominantly of water molecules)
looks black, gray matter (which has a high water content) is gray,
and white matter (which has a high lipid content due to the
myelin sheaths) appears white.

Contrast this with another key rule to remember: T2-
weighted images look somewhat like the film negatives of T1-
weighted images. Therefore, cerebrospinal fluid will be white,
gray matter will still be gray, and epidural fat will be black. If you
ever forget which one is which, just remember the mnemonic
WW2, in which Water is White in T2-weighted images.

Proton density–weighted images are different from T1- and
T2-weighted images in that the contrast between predominantly
water-based mediums and lipid-based mediums is minimized.
This is best exemplified in brain tissue in which the transi-
tion between white matter and gray matter is less pronounced,
enabling the viewer to pick up on subtle abnormalities in the
parenchyma that may represent serious pathology, such as edema
or infarction.

SAFET Y CONSIDERATIONS

In addition to understanding the distinctions between T1, T2,
or proton density–weighted images, the emergency physician
must also consider the safety implications when ordering an
MRI. The contraindications for MRI include the presence of a
cardiac pacemaker; implanted cardiac defibrillator; aneurysm
clip; carotid artery vascular clamp; neurostimulator; insulin
or infusion pump; any implanted drug infusion device; bone
growth/fusion stimulator; or a cochlear, otologic, or ear implant.
Not only may these devices serve as “missiles” under the control
of powerful magnetic forces, but they may also dissipate heat,
induce electrical current, and cause artifact that may be misread
as an abnormality. With that said, newer devices composed of
materials that are less ferromagnetic and therefore less respon-
sive to magnetic fields are already on the market with an even
larger number currently in development. When in doubt, con-
tact the manufacturer of the device for MRI compatibility before
proceeding.

Also, keep in mind that patients with any history of injury
by a metal object such as a bullet or shrapnel (i.e., veterans or
metal workers) should undergo a thorough evaluation prior to
imaging. These metallic objects may be particularly harmful if
they are lodged in a loose medium such as the eye, which would

harbor very little resistance to magnetic forces. It is also worth
mentioning that MRI machines produce a substantial amount
of noise that may produce anxiety, distress, and even temporary
hearing loss. Luckily, the advent of active noise cancellation tech-
niques and the utility of simple ear plugs decrease this noise by
at least 50% to 70%.

The issue of using MRI in pregnancy often arises as well, par-
ticularly when the safety of CT is called into question due to the
risk of exposing a growing fetus to ionizing radiation. To date,
there have been no demonstrated deleterious effects linked to the
use of MRI in pregnancy. However, it will be years before this can
be said with certainty. For now, the MR Safety Committee of the
Society for Magnetic Resonance Imaging recommends the use
of MRI in pregnant women only if other nonionizing modali-
ties such as ultrasound are inadequate or if the study provides
valuable information that would otherwise require exposure to
ionizing radiation.
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MRI of the Brain
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In recent years, there have been tremendous advances in the
field of radiology, specifically in radioimaging. The develop-
ment of an accurate way to visualize structures in the body has
improved the diagnosis of patients and has allowed for less inva-
sive methods in their evaluation. MRI represents a breakthrough
in medical diagnostics and research, and is becoming especially
valuable in the evaluation of neurological and musculoskeletal
pathology.

The field of MRI is still evolving and continually improving.
Although its role as the modality of choice in the ED remains
limited, MRI remains indispensable in the evaluation of brain
tumors, strokes, and chronic demyelinating disorders, including
multiple sclerosis.

In 1946, two scientists working independently on nuclear
magnetic resonance (NMR) research laid the groundwork for
the future development of MRI. Dr. Felix Bloch working at Stan-
ford University, and Dr. Edward Purcell from Harvard University,
simultaneously accomplished the first successful NMR experi-
ment. In 1952, they were both awarded the Nobel Prize in Physics
for their work in the study of the composition of chemical com-
pounds.

PRINCIPLES OF MRI

The fundamental concept of MRI is based on resonance;
specifically, nuclei of certain atoms, most commonly hydrogen
atoms, resonate when placed in powerful magnetic fields. When
radiofrequency energy, or radio waves, is projected toward the
atoms, the nuclei absorb some of the energy, thus becoming
“excited.” Subsequently, the nuclei “relax” and return to their
previous energy level, thereby emitting their own radio signals.
These nuclear magnetic signals are then computer processed to
form an image.

Protons, or the nuclei of hydrogen atoms, are found abun-
dantly in the human body in the form of water. MRI scanning
uses the difference in water content and its distribution in various
body tissues to provide contrast resolution and tissue differentia-
tion. To better understand how the images of MRI are generated,
certain parameters must first be discussed.

As mentioned, when excited protons return from the high
energy to the low energy state, they emit energy to the protons in
their immediate environment, or lattice. T1 and T2, fundamental
concepts of MRI, are based on this relaxation time. T1, known
as the longitudinal relaxation time, is determined by interac-
tions between the excited and surrounding protons, known as
the “spin–lattice interaction.” T2, in contrast, does not involve a
loss of energy, but the exchange of energy between the high and
low energy protons, known as the “spin–spin interaction.” In
other words, it measures the duration of time protons remain in
the excited phase prior to returning to their previous low energy
state.

T1 and T2 relaxation times are dependent on the environ-
ment of the resonating protons, and therefore, each method
derives characteristic images based on the various tissue scanned.
Still, to understand MRI generation, two more parameters, repe-
tition time (TR) and echo time (TE), should also be discussed. In
generating an image, a sequence of repetition produces a nuclear
resonance signal. TR stands for the time between repetitions.
TE represents the time between the application of this radiofre-
quency pulse and the generation and detection of the nuclear
signal, or spin echo. These parameters are paramount to the dif-
ference in T1- and T2-generated images. Short TRs and short
TEs enhance tissues with short T1 relaxation times, thus gener-
ating T1-weighted images. Alternatively, long TR and long TE
pulse sequences enhance tissues with long T2 times; therefore,
such sequences generate T2-weighted images. As a consequence
of these properties, T1-weighted images are more valuable in
defining anatomy, whereas T2-weighted images are often used
in identifying pathology of tissue.

Applying these concepts to the human body, cerebrospinal
fluid has a long T1 relaxation time; it appears dark in T1-weighted
images and bright in T2-weighted images. Fat has a relatively
short T1, thus appearing bright on T1-weighted images and dark
on T2-weighted images. Certain material such as air and bone
that have similar T1 and T2 times appear dark on both images. In
fact, understanding these imaging parameters and manipulating
the TR and TE accordingly can improve differentiation of normal
tissue from pathological lesions.
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INDICATIONS

Currently, the use of MRI in the emergency setting is lim-
ited to the diagnosis and evaluation of spinal cord compres-
sion. It also has a role in the evaluation of certain orthope-
dic injuries, including the evaluation of radiographically occult
femoral neck fractures. Other nonemergent indications for con-
ventional MRI include study of musculoskeletal joints, including
the knee, shoulder, and several smaller joints, such as the tem-
poromandibular joint.

A growing area in the emergent setting that uses MRI involves
aortic dissection. MRI has been found to be equal in utility,
if not superior, to contrast-enhanced CT for diagnosing aor-
tic dissection. MRI may also be equivalent to transesophageal
echocardiogram; however, the inability of unstable patients to
undergo the procedure limits the use of MRI for this indication.

Neuroimaging provides timely and crucial information in
the assessment and management of stroke. It helps delineate the
extent of infarction, the degree of hemorrhage, and the amount of
tissue injury. At present, CT scanning for the evaluation of stroke
remains the most cost-effective and practical imaging modality
used in the ED. The advent of helical CTs and CT angiograms
obviate the use of MRIs in the initial evaluation of most cen-
tral nervous system disorders. Nevertheless, the most valuable
use of MRI remains in the field of acute ischemic stroke. As
MRI becomes more available and the technology becomes more
advanced, it may replace CT scanning as the modality of choice
in the future.

DIAGNOSTIC CAPABILITIES

In general, MRI is superior to CT in detecting injuries to soft
tissues such as the brain and spinal cord. It is highly sensitive
in diagnosing small intercerebral and brainstem lesions, small
cerebral contusions, and injuries to muscles, ligaments, and ten-
dons. It is also more sensitive in detecting changes that occur
after ischemic strokes.
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Figure 39.1. T1 without contrast.

One appealing aspect of MRI is the lack of radiation expo-
sure that makes this ideal for pregnant patients and for patients
who need repeat imaging throughout their lives due to their dis-
ease process. The high resolution of MRI provides better quality
images and allows for visualization of otherwise difficult to visu-
alize structures, including the posterior fossa. It has multiplanar
imaging capabilities and provides excellent soft tissue contrast
and gray-white matter differentiation. The patency of blood ves-
sels in the body can also be easily determined.

IMAGING PITFALLS/LIMITATIONS

The lack of widespread availability of MRI and the high cost
compared to CT scanning make its use limited in the ED. In
addition, MRI requires long scanning durations, sometimes as
long as 30 to 60 min. Patients are required to hold still because
movement degrades the quality of the images. This becomes a
significant obstacle in agitated trauma patients and in pediatric
patients who require sedation. Also, acutely ill patients who need
close monitoring may not tolerate such long scanning times.
Certain patients who are overweight (heavier than 300 lb) or
have a fear of enclosed spaces may also have difficulty undergoing
MRI. With the advent of open MRI, more patients are able to
tolerate the procedure.

Patients who have metallic implants or foreign bodies such
as pacemakers, cochlear implants, nerve stimulators, and cer-
tain metallic brain aneurysm clips are unable to undergo imag-
ing. There have been reports of welders with implanted metal
in their eyes who have gone blind after MRI. In the diagno-
sis of subarachnoid hemorrhage, MRI has decreased sensitiv-
ity. Although safer than the contrast used for CT scanning
but not as commonly seen, there still remains a risk of aller-
gic reaction to the contrast agent (gadolinium) used for MRI.
These are all factors that should be taken into consideration
when deciding which imaging modality is best for a particular
patient.

CLINICAL IMAGES

MRI images of the normal anatomy of the brain are
included first, along with detailed diagrams to explain the

images. Then, pathological images are shown in various
cuts.

Normal Anatomy of the Brain
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Figure 39.2. T1 with contrast.
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Figure 39.4. Axial view (T1 without contrast).

Figure 39.5. Axial view (T1 with contrast).

Figure 39.3. T2 weighted.

Figure 39.6. Axial view (T2 view).
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BA

Figure 39.7. Axial view (T1 without contrast), upper.

Figure 39.8. Axial view (T1 with contrast), upper.

A B
Figure 39.10. Coronal view T1 without contrast (frontal view).

Figure 39.9. Axial view (T2), upper.
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Figure 39.11. Coronal view T2 (frontal view).

Figure 39.12. Coronal view T1 without contrast.

Figure 39.13. Coronal view T2.
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Figure 39.14. Coronal view T1.

Figure 39.15. Coronal view T2, middle.

A B

Figure 39.16. Coronal view T1, middle.
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Figure 39.17. Coronal view T2.

A B

Figure 39.18. Coronal view T1, without contrast, posterior view.

Figure 39.19. Coronal view T2.
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A B

Figure 39.20. Sagital view, T1.

Figure 39.21. Distribution of strokes.

Figure 39.23. Left cerebral hemisphere infarct, axial T2.

Abnormal Brain MRI Images

Figure 39.22. Right cerebellar infarct, wedge shaped, T2 axial
flair.

Figure 39.24. Left basal ganglia, left thalamus infarcts, T2 DWI.
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Figure 39.25. Left thalamus infarct, T2 flair.

Figure 39.27. Left cerebral hemisphere infarct with right basal ganglia
bleed, emphasis on left cerebral infarct, axial flair.

Figure 39.26. Left cerebral hemisphere infarct with right basal ganglia
bleed, emphasis on right basal ganglia bleed, T1 sagital.

Figure 39.28. Left subarachnoid hemorrhage, left temporal, parietal,
and occipital lobes, axial flair.
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Figure 39.29. Right subdural hematoma, axial T2.

Figure 39.31. Berry aneurysm, axial T2.

Figure 39.30. Right subdural hematoma, DWI.

Figure 39.32. Dural sinus thrombosis, T1 flair sagital.
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Figure 39.33. Dural sinus thrombosis, axial T1.

Figure 39.35. AVM, axial T2 flair.

Figure 39.34. Dural sinus thrombosis, axial T2.

Figure 39.36. AVM, axial T1.
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Figure 39.37. AVM, axial T2.

Figure 39.39. Right temporal lobe, herpes encephalitis, axial T2.

Figure 39.38. AVM, axial T1 + contrast.

Figure 39.40. Brain abscess, axial T2.
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Figure 39.41. Brain abscess, axial T2 flair.

Figure 39.43. Neurocystericosis, lesion with vasogenic edema, coronal
T2.

Figure 39.42. Brain abscess, coronal T1.

Figure 39.44. Neurocystericosis, ring-enhancing lesion, coronal T1 +
contrast.
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Figure 39.45. Neurosarcoidosis with encephalitis, bilateral frontal
horn involvement, axial flair.

Figure 39.47. Multiple sclerosis, T2 flair.

Figure 39.46. Neurosarcoidosis with encephalitis, paramedian poste-
rior frontal lobe involvement, DWI.

Figure 39.48. Multiple sclerosis, donut-shaped lesion, axial T2 flair.
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Figure 39.49. Left frontal meningioma, sagital T1.

Figure 39.51. Left temporal lobe mass, T2 coronal.

Figure 39.53. Left parietal glioma, coronal flair.

Figure 39.50. Left frontal meningioma with vasogenic
edema, T2 axial.

Figure 39.52. Left temporal lobe mass, T1 coronal.

Figure 39.54. Left cerebellar mass with necrosis and hemor-
rhage, axial T2.
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Figure 39.55. Right frontoparietal lobe metastasis, T1 + contrast.

Figure 39.57. Right periorbital swelling, foreign body to soft tissue,
axial T2.

Figure 39.56. Right frontoparietal lobe metastasis with vasogenic
edema, flair.

Figure 39.58. Left retinal hemorrhage and detachment, T1.
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MRI of the Spine
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CLINICAL INDICATIONS

MRI has become accepted as the most sensitive imaging modality
for the study of spine pathology. Specifically, in the examination
of spinal cord trauma, soft tissue injury, and acute intervertebral
disc injury, MRI has a higher resolution than any other modality.
However, despite optimal visualization of MRIs, it is often not
the most appropriate initial imaging study because plain film
radiographs and CT scans can provide diagnostic information
faster and more cost effectively (1).

MRI is indicated in blunt spinal trauma patients with neu-
rological findings suggestive of spinal cord injury without a clear
explanation following radiographs and/or CT (2). Emergent
MRI of the spine is also generally indicated in the evaluation
of spinal cord pathology with signs of myelopathy, radiculopa-
thy, and progressive neurological deficit. Despite these seem-
ingly clear indications, the risk of missing a spinal cord injury
makes this decision a major dilemma for physicians. The medical
and legal ramifications of restricting diagnostic MRI and failing
to diagnose a patient with an unstable spine injury are clearly
evident. In contrast, the ubiquitous use of expensive and time-
consuming imaging equipment can inappropriately drive up the
cost of medical care and possibly render emergency resources
unavailable to other patients. Therefore, it is important to gain
as much information as possible from the history, physical exam,
and preliminary imaging studies to aid the physician’s decision
for selecting MRI for potential spinal cord pathology (3).

Spinal injuries are one of the most devastating and life alter-
ing of all trauma-related injuries. Every year in the United States
there are approximately 10,000 new cases of spinal cord injuries,
which are predominately seen in young men (4). The majority
of spinal cord injuries are caused by blunt trauma, with approx-
imately 50% due to motor vehicle accidents, followed by falls,
gunshot wounds, and sports injuries (5). Cervical cord injury is
the most common and devastating of the spinal cord injuries,
which is seen in 65% of patients with isolated spinal cord injury.
In patients with isolated upper cervical fracture with associated
neurological deficit, MRI resulted in treatment modification in
25% of patients. However, in patients with an upper cervical
spine fracture without neurological findings, MRI did not change
treatment. Thus, MRI has not been shown to be a useful or

cost-effective screening tool in upper cervical fractures without
neurological deficit (6).

After a trauma patient has been stabilized and immobilized, a
history and physical examination must be performed to assess the
possibility of a spinal cord injury. Important information to be
included in the history is the presence or absence of neck or back
pain, mechanism of injury (MOI), and any loss of consciousness.
The MOI is of vital importance because the type of vertebral frac-
ture has been shown to be unique to the vector forces placed on
the spine during the specific MOI with a pathological and radio-
graphic correlation. This is particularly seen in acute cervical
spine fractures being classified by MOI based on the primary
spinal movements of flexion, extension, vertebral compression,
lateral flexion, rotation, or a combination of these forces (7).

A thorough history is also important in nontraumatic
patients that present with back pain, which is one of the most
common medical complaints, often related to disc herniations,
muscle strains, or osteoarthritis (degenerative bone disease).
Back pain characteristics, including severe/persistent pain, sciat-
ica (shooting pain down the leg), muscle weakness, and numb-
ness/tingling, suggesting an underlying structural abnormality,
would indicate for MRI either emergently or, if the patient is
stable, followed up safely in a nonemergent setting. In addition,
a history of back pain, fever, and laboratory evidence of infec-
tion suggests an inflammatory process involving the spine, such
as osteomyelitis, discitis, myelitis, or epidural abscess requiring
MRI.

Past medical history questioning can also be important for
less commonly diagnosed etiologies of back pain such as previous
cancer metastasized to vertebral bone, tuberculosis history man-
ifesting as Pott disease, multiple sclerosis (MS), osteoporosis,
previous back surgery, osteoarthritis, or spondyloarthropathies.

Important components of the history, such as the pres-
ence of radiculopathic pain, urinary or fecal incontinence, or
muscle weakness, can help guide a physician’s physical exam.
The physical exam, in particular, the neurological exam, is vital
to diagnosing potential myelopathy. Positive findings of motor
or sensory loss or abnormal reflexes can delineate the level of
spinal cord injury. For example, cauda equina syndrome on
neurological exam could show signs of weakness of the muscles
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innervated by the compressed roots, decreased rectal sphincter
tone, or saddle anesthesia. In addition, noting the specific area
of spine tenderness on palpation can also help identify under-
lying structural abnormalities. These physical findings can help
localize the suspected level of spinal cord injury and assist in
identifying the area of pathology on MRI.

It is important to complete an initial neurological exam at
the time of presentation if the patient later deteriorates and a
comparison needs to be made. A patient without symptoms in
the field or at the time of presentation that neurologically dete-
riorates in the ED requires emergent treatment.

When requesting any radiological study, it is important to
include relevant clinical history and diagnostic information to
assist the radiologist in determining the most appropriate imag-
ing study to perform. Specifically, include the patient’s clinical
symptoms, any precipitating events, and previous imaging stud-
ies on the imaging request form.

DIAGNOSTIC CAPABILITIES

MRI has several major advantages over other imaging modal-
ities that often make it the most sensitive diagnostic tool for
common spine pathology. MRI does not use high-energy ion-
izing radiation like its counterparts, CT and x-rays, which are
associated with long-term cancer risks. The ability of MRIs to
form images in axial, coronal, or sagital planes provides a dis-
tinct spatial advantage. Due to the inherent physics underlying
the principles of MRI, it has a higher contrast resolution than
other imaging modalities, thus allowing for better tissue dis-
crimination. MRI is sensitive for detecting spinal cord pathol-
ogy associated with traumatic spinal cord injuries, disc herni-
ations, cancerous lesions, infections, degenerative disease, and
abscesses. In addition, MRI can effectively visualize spinal cord
inflammatory conditions, such as MS and myelitis (8).

Traumatic spine injury should first be imaged by plain film
radiographs to visualize suspected vertebral fractures and dis-
locations and serve as a guide for further imaging. Plain films
are easily portable and accessible in the ED and can provide
immediate diagnostic information. If plain films are inadequate
or further visualization of complex fractures is required, CT is
the next imaging modality obtained. Complex spine fractures
and retropulsed fracture fragments are best characterized by CT
(9). Spine trauma associated with neurological dysfunction sug-
gesting possible spinal cord injury requires emergent MRI. MRI
is the only imaging modality that directly visualizes the spinal
cord; thus, its high resolution is used to diagnose suspected spinal
cord compression, hemorrhage, edema, or transsection within
the spinal canal (10). MRI has also been shown to be useful in
predicting the prognosis and for planning treatment associated
with spinal cord injuries, with the degree of cord compression
being the most important factor (11). In addition, plain films
or CT may be able to visualize bone fractures or dislocations in
trauma patients, but unable to detect associated traumatic disc
herniations and occult ligamentous injuries only picked up by
MRI (12).

Spinal stenosis resulting in compression of the spinal cord or
nerve roots is often caused by impinging osteophytes and inter-
vertebral disc protrusions. Degenerative disc herniations are one
of the most common causes of severe, nontraumatic back pain
presenting in the ED. Although disc herniations are not visible
on plain films, they should be the initial imaging study ordered to
detect any unsuspecting lesions, such as compression fractures or
degenerative changes. MRI is considered the most sensitive imag-

ing study for detecting disc herniations and determining degree
of associated spinal canal or neuroforaminal stenosis (13,14).
Depending on the presenting nature and severity of the disc
protrusion, MRI may be done safely in a nonemergent setting if
the patient is stable and spinal cord compression or cauda equina
syndrome are not suspected. When MRI is contraindicated, CT
myelography is a slightly less sensitive secondary modality for
imaging disc herniations and is associated with higher risk due
to invasive insertion of intrathecal contrast (15). Osteophytes or
calcific components of other lesions causing compression on the
spinal cord or roots can occasionally be missed on MRI. In these
occult cases, CT can be used as an adjunct imaging study due to
its fine depiction of bony detail (16).

Although MRI is not as sensitive for diagnosing bone frac-
tures as CT, MRI is very sensitive in its visualization of bone
marrow abnormalities. Abnormal bone marrow appearance in
vertebral bodies can suggest a variety of disorders, such as ane-
mia, infection, and metastatic cancer. With the suspicion of bony
metastasis, plain films are the best initial imaging; however, bone
destruction abnormalities may not be appreciated until at least
50% of trabecular bone has been destroyed. With the use of MRI,
early visualization of tumor replacement of normal bone marrow
can be appreciated. Previous studies have shown that MRI has
a higher sensitivity and earlier detection of vertebral metastasis
than plain films, CT, and radionuclide bone scans (17).

MRI is also the best modality to detect early infection
and to evaluate the full extent of potentially life-threatening
lesions affecting the spine, such as osteomyelitis, discitis, epidu-
ral abscess, and myelitis. For example, the earliest sign of verte-
bral osteomyelitis can be detected by the high sensitivity of MRI
to bone marrow edema (18,19). Also, sagital images can directly
assess early disc space and endplate abnormalities associated with
discitis, which can evolve into osteomyelitis (20).

In the diagnosis of spinal tuberculosis (Pott disease), MRI
has been shown to be more sensitive than radiography and more
specific than scintigraphy due to the specific anatomical pat-
tern of involvement, particularly of the soft tissues and discs.
MRI provides early detection of spinal tuberculosis, up to 4 to 6
months earlier than other techniques, which could reduce bone
destruction and diminish the need for surgery (21).

While MRI is the modality of choice for visualization of
inflammatory myelopathies, such as MS, with a high sensitivity,
unfortunately it exhibits a low specificity for differentiating from
the variety of intramedullary lesions. Therefore, the diagnosis of
MS is based on clinical criteria, with MRI playing an important
supportive role due to its limited specificity (22). However, MRI
of the cervical spine is recommended in patients suspected of
having MS with symptoms of spinal cord involvement because
10% to 15% of patients with spinal cord lesions have no intracra-
nial disease (23,24).

The sensitivity of MRI can be improved with the use of
gadolinium IV contrast agents to diagnose spinal disease in
the intramedullary, intradural extramedullary, and extradural
compartments. Gadolinium-enhanced MRI of intramedullary
disease is sensitive for detecting primary tumors (ependymo-
mas and hemangioblastomas), metastasis, inflammation, and
demyelination. In intradural extramedullary disease, enhance-
ment is useful for diagnosing drop metastasis, meningiomas, and
schwannomas (25).

IMAGING PITFALLS/LIMITATIONS

MR safety continues to evolve with the proliferation of
more sophisticated implant and monitoring devices. MRI is
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contraindicated in patients with implanted cardiac pacemak-
ers, defibrillators, ferromagnetic aneurysm clips, other ferro-
magnetic implants (cochlear electronic devices), and intraoc-
ular metallic foreign bodies. The strong magnetic fields used in
MRI can displace small metallic structures and cause electronic
device malfunction. In general, orthopedic metallic hardware
is not contraindicated; however, metallic prosthesis can induce
susceptibility artifacts in MRI, reducing the sensitivity. There-
fore, it is important to provide appropriate information on any
internal metallic objects so the radiologist can properly protocol
the scan to minimize metallic artifact (26).

Traditionally, CT has been the imaging modality of choice for
unstable patients requiring life support equipment, which nor-
mally contains magnetic steel components or sensitive electronic
devices that will not tolerate large magnetic fields. In addition,
MRI scans usually take longer than CT scans, which is unfavor-
able in emergent settings. Therefore, MRI is typically used once
a patient has been stabilized. However, MRI-compatible respi-
rators and physiological monitoring equipment are available,
allowing patients requiring supportive care to be safely moni-
tored during MRI (27).

The use of MRI has further limitations based on the con-
stricted physical confines of the scanner. Morbidly obese patients
may not be able to fit in the scanner because most MRI scan-
ners have an approximate weight limit of 400 lb and a maximum
bore diameter of 70 cm. MRI use in the pediatric population,
specifically with children younger than 6 years, may be difficult
to scan because they have to remain still for an extended period

A B

Figure 40.1. Normal cervical spine. A: Sagital T1 image through the normal cervical spine demonstrates vertebral
body bone marrow as hyperintense, or high signal (bright), compared to the intervertebral discs that appear as
isointense, or intermediate signal. Cerebrospinal fluid (CSF) is hypointense, or low signal (dark), with the spinal cord
appearing as an intermediate signal. The vertebral cortical margins are well demarcated with low signal and blend
anterior and posteriorly with the respective longitudinal ligaments. B: Sagital T2 image demonstrates vertebral body
bone marrow as low signal with the intervertebral discs as high signal. CSF appears as a high signal surrounding the
spinal cord, which is a lower signal.

of time. Movement can produce motion artifact. Claustrophobic
patients may also have difficulty with the tight confines of the
MRI scanner. Both pediatric and claustrophobic patients may
easily be treated with mild sedation.

With pregnant patients, ultrasound or MRI are usually
preferable to CT or radiographs that use irradiation. Therefore,
it is important in females of reproductive age to determine preg-
nancy status prior to requesting a study because this may decide
the appropriate imaging modality.

Gadolinium MRI contrast agents have been associated with
much less toxicity and adverse reactions, including decreased
incidence of renal failure, as compared with IV CT contrast
agents (28). However, it is important to know a patient’s renal
function prior to MRI because gadolinium contrast agent is con-
traindicated in patients with preexisting renal failure due to asso-
ciations of nephrogenic systemic fibrosis/nephrogenic fibrosing
dermopathy (29,30). Certain precautions are advised in patients
with asthma, allergy history, prior iodinated and/or gadolinium-
based contrast reactions, and pregnant patients because they have
been proven to be at higher risk of adverse reactions.

The use of gadolinium-based MR contrast agent in pregnant
patients requires a well-documented risk–benefit analysis. Pre-
vious studies have shown that gadolinium ions pass through the
placental barrier and enter the fetal circulation, causing possi-
ble side effects to the fetus. Therefore, an in-depth analysis of
the potential benefits to the patient and/or fetus, outweighing
the potential risks of gadolinium ion exposure to the developing
fetus, is required (31).

CLINICAL IMAGES
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A B

Figure 40.2. Normal lumbar spine. A: Sagital T1 image through the normal lumbar spine demonstrates bone marrow
as hyperintense signal (bright), intervertebral discs as isointense signal, CSF as hypointense signal (dark), and spinal
cord as isointense signal. B: Sagital T2 image shows bone marrow as hypointense signal, intervertebral discs as
hyperintense signal, CSF as hyperintense signal, and spinal cord as hypointense signal.

A B

Figure 40.3. Traumatic cervical spine dislocation. A: CT of the cervical spine with posttraumatic grade 1 (25%)
vertebral body anterolisthesis at C5/6. B: Sagital T2 image also demonstrates anterolisthesis at C5/6 and a contained
disc protrusion, with associated posterior longitudinal disruption behind the body of C5 showing evidence of cord
compression (small white arrow). There is also disruption of the anterior longitudinal ligament shown by extensive
thickening and edema marked by high signal (black arrow). Also shown is widening of the posterior elements with
disrupted interspinous ligaments marked by increased edema (large white arrow) due to flexion injury.
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A B

Figure 40.4. Cervical cord transsection. This type of cervical fracture dislocation is a classic extension injury.
A: Sagital T2 image through the cervical spine demonstrates subluxation of C6 on C7, with a fracture through
the anterior superior endplate of C7. The hyperintense transverse signal (arrow) in the adjacent spinal cord indicates
cord transsection at C7. B: Sagital T1 image shows similar features with hypointense transverse signal (arrow) at the
cord transsection.

A B

Figure 40.5. Odontoid fracture. A: CT of the cervical spine shows C1/2 fracture with type II odontoid fracture.
B: Sagital T2 image also shows evidence of fracture, with the odontoid base being offset approximately 1 cm
from the body of C2 (small black arrow). The fracture fragment is displaced anteriorly with no apparent signal
abnormality in the spinal cord. There is also wide separation of posterior elements of C1/2, with complete
ligamentous disruption shown by hyperintense signal (large white arrow). In addition, there is evidence of
significant prevertebral soft tissue edema also marked by hyperintense signal (large black arrow).
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A B

Figure 40.6. C1/C2 subluxation. This 33-year-old female received a severe craniocervical separation injury as a
pedestrian when she was hit and rolled over by a car. A: Sagital T1 image shows enlargement of the pre-dens space,
indicating anterior subluxation of C1 on C2 (black arrow) and compromise of the transverse ligament causing
impingement of the dens on the anterior surface of the spinal cord. B: Sagital T2 image also shows C1/2 subluxation
with better appreciation of cord compression (small white arrow). There are also multiple ruptured ligaments involving
the upper cervical spine evidenced by increased space between the basion and the dens, indicating injury to the apical
dental (tectorial membrane) ligament and alar ligaments. There is disruption of the anterior longitudinal ligament
with prevertebral swelling at the C1 and C2 levels (large black arrow). A small epidural hematoma marked by low
T2 signal (small black arrow) is seen at the posterior epidural space of C1, without cord compression. There is also a
small area of low T2 signal posterior to the C2/3 interspace likely representing hemorrhage and injury to the posterior
longitudinal ligament (large white arrow). There is a minimal posterior disc protrusion at the C5/6 interspace without
evidence of cord compression.

Figure 40.7. Cervical fracture with hemor-
rhagic cord contusion. This 64-year-old male
suffered a severe spinal cord injury, result-
ing in quadriplegia below C4 after falling
off a horse. Sagital T2 image shows evidence
of C3–4 fractures with 4-mm retrolisthesis,
and C3/4 disc protrusion with marked nar-
rowing of the spinal canal to 5 mm, leading
to linear hemorrhagic contusion marked by
hypointense signal (small arrow) of the spinal
cord from C2 to the lower body of C4. There is
a likely tear of the anterior spinal ligament at
the point of a teardrop fracture of the anterior
inferior border of C3 (large arrow). There is
also soft tissue abnormality with prevertebral
edema associated with fracturing of C3–4.
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Figure 40.8. Lumbar fractures with spinal stenosis status post gun-
shot wound. This 20-year-old male presented with traumatic back
pain secondary to a gunshot wound, with decreased sensory and
motor functions in the lower extremities bilaterally. A: Sagital T2
image shows fractures of the posterior bodies of the L3–4 vertebra
with retropulsion of bony fragments (small white arrow) into the
spinal canal. The combination of bone fragments and associated
hemorrhagic products result in focal spinal stenosis at L4 narrowed
to 4 mm. There is also presumed injury to the posterior longitudinal
ligament at this level. In addition, there is a significant hematocrit
level (large white arrow) in the caudal thecal sac with serum super-
natant as high signal (black arrow). B: Axial T1 postcontrast image
shows retropulsed vertebral body fragments causing left postero-
lateral spinal canal stenosis (white arrow).



MRI of the Spine 545

A

B

C

Figure 40.9. Cervical burst fracture. A: CT demonstrates a burst fracture
of C7 (arrow) with retropulsed bone fragments in the spinal canal. Sagital
T1 (B) and T2 (C) images further characterize this traumatic injury by
confirming the C7 burst fracture and visualizing the associated rupture
of the anterior (large arrow) and posterior (small arrow) longitudinal
ligaments. The retropulsed bone fragments cause narrowing of the spinal
canal with resultant cord compression.
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A B

Figure 40.10. Traumatic compression fracture with spinal stenosis. Sagital T1 (A) and short tau inversion recovery (STIR) (B)
images show posttraumatic multilevel lumbar spine fractures (small arrows), with severe compression fracture of L1, moderate
compression fracture of L2, and mild compression fracture of L3. Note the disruption of the superior endplates and anterior cortex.
STIR image shows evidence of edema as high signal within the vertebral bodies. There is moderate canal stenosis (large arrow) due
to posterior displacement of fracture fragments and increased signal in the adjacent spinal cord/nerve roots consistent with cauda
equine syndrome best appreciated on STIR image.

Figure 40.11. Traumatic cervical disc extrusion with cord
compression. Sagital STIR T2 image of cervical spine
demonstrates multilevel disc extrusions, the most severe at
C4/5 (small white arrow), which effaces the anterior thecal
sac, causing mild compression and edema of the anterior
cord marked by abnormal signal. Evidence of edema with
high signal in the intervertebral discs, combined with dis-
ruption of both the anterior longitudinal ligament and the
interspinous ligaments (black arrow), indicates that an acute
flexion injury has resulted in traumatic disc extrusion. There
is also prevertebral edema marked by hyperintense signal
(large white arrow). Mild cord contusion without hemor-
rhage can improve, whereas a cord hematoma is less likely
to regress.
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Figure 40.12. Anterior spondylolisthesis with spinal stenosis. Sagital
STIR image through the lumbar spine with multicausative spinal steno-
sis. There are degenerative changes at L2/3 and L3/4 with loss of inter-
vertebral disk height, disc dessication (loss of normal signal in disk),
endplate hypertrophy, and vertebral edema at L2–4 marked by high
signal. Disc protrusions (small arrows) at these levels combined with
endplate and facet hypertrophy result in moderate spinal canal steno-
sis. There is also significant anterior spondylolisthesis at L5/S1 (large
arrow).

A

B

Figure 40.13. Lumbar disc herniation. A: Sagital T2 image through the
lumbar spine shows a large disc protrusion at L4/5 with migration upward
behind the vertebral body of L4, resulting in severe spinal stenosis (arrow).
B: Axial T1 postcontrast image through L4/5 interspace also shows severe
stenosis of the spinal canal as the disc extends laterally into the neuro-
foramen (arrow).
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A

B

Figure 40.14. Lumbar disc extrusion with sequestration. This 28-year-
old female presented with left leg numbness. A: Sagital proton density
T2 image of the lumbar spine shows a 9-mm left posterolateral disc
extrusion at the L5/S1 level, with a 1.4 × 0.9-cm-high signalfree disc
fragment sequestration (arrow) extending slightly inferior to the disc
level. There is also dessication of the L5-S1 disc evidenced by decreased
signal. B: Axial T1 image shows the disc extrusion (arrow) extending
laterally into the left L5/S1 neuroforamen and left lateral recess.

A

B

Figure 40.15. Synovial cyst with neuroforaminal stenosis.
A: Sagital T2 image through the lumbar spine shows evidence
of a synovial cyst (small arrow) marked by a round fluid sig-
nal indenting the thecal sac at the L3/4 interspace level. There
is also evidence of multilevel degenerative disc disease, most
profoundly at L5/S1 (large arrow). B: Axial T2 image through
the L3/4 interspace shows the synovial cyst marked by a round
fluid signal with a hypointense peripheral rim (arrow) in the
left posterolateral spinal canal adjacent to the facet joint, caus-
ing severe neuroforaminal stenosis and compression of adjacent
nerve root. On axial T2 image, synovial cysts can be differenti-
ated from herniated discs as they are normally found next to the
facet with a peripheral rim of dark signal.
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Figure 40.16. Epidural abscess. This patient presented with severe back
pain with sensory and motor deficits. A: Sagital T2 image through the tho-
racic spine shows evidence of a large posterior epidural abscess (arrows)
extending from approximately T8 to T12. The epidural abscess demon-
strates increased signal and defaces the posterior thecal sac compressing
the cord. B: Sagital T1 postcontrast image shows peripheral enhancement
around the mass; however, without vascularization, the loculated abscess
(arrows) does not enhance, thus ruling out tumor etiologies. C: Axial
T1 postcontrast image shows the posterior epidural abscess (large arrow)
compressing the spinal cord, which is anterior (small arrow).
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A B

Figure 40.17. Subdural hematoma. This 49-year-old male with seizure disorder status postfall injury presented with lower back pain, bilateral
lower extremity numbness, and muscle weakness. A: Sagital T1 image shows extensive high signal surrounding the spinal cord throughout the
subdural space, most consistent with blood product/protein. B: Sagital T2 fat saturated image also shows a high signal, suggesting that this is not
fat. There is associated mass effect with compression of the conus medullaris (large black arrow) and marked clumping of the cauda equina nerve
roots (small black arrow). This mass effect would be less likely in subarachnoid space, and the diffuse involvement is less likely an epidural process.
This subdural process extends all the way to the thoracic spine.
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Figure 40.18. Tuberculous osteomyelitis with multiple abscesses. This 22-year-old female presented with left flank mass and severe back pain with
a history of tuberculosis exposure. A: Sagital proton density image of the lumbar spine shows evidence of osteomyelitis principally in L2, L3,
and L4, with apparent discitis at L3/4 (white arrow). B: Sagital T1 postcontrast image better appreciates interosseous vertebral body tuberculosis
granulomas at L2 and L4 (small white arrows) and discitis with enhancement at L3/4 interspace. There is also a large prevertebral phlegmon
anterior to L2, L3, and L4 (large black arrow). C: The axial T1 postgadolinium image shows multiple paraspinal abscesses, pelvic abscesses, and
psoas abscesses with enhanced fluid tracking (small white arrow). There is also a 10-cm left retroperitoneal abscess (large white arrow) extending
through the lateral abdominal musculature to become subcutaneous. The findings are consistent with tuberculosis etiology given the patient’s
history of exposure.
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Figure 40.19. Tuberculosis with syrinx and Chiari I malformation. Sagital
proton density T1 (A) and T2 (B) images show gross tuberculous myelo-
pathic changes of the cord from C1 through C5 (small white arrows). There
is evidence of a syrinx (i) at the C4/5 interspace level, low signal on T1,
and high signal on T2. At this same level, there is mild cord compression
and associated disc osteophyte complex (small black arrow). There is also
evidence of Chiari I malformation with 9-mm pointed tonsillar hernia-
tion (large white arrow). C: Axial T2 image clearly shows the syrinx (large
white arrow) and the osteophyte complex (small white arrow).
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Figure 40.20. Gastric cancer metastasis to lumbar spine. This patient with known gastric cancer presented with lower back pain.
A: Tc 99 bone scan shows evidence of focal uptake in L3 vertebral body. B: Lateral plain film demonstrates diffuse osteopenia and
compression deformities at L3–5. C: Sagital T1 image clearly demonstrates compression deformities at L3–5 with a focal lesion
in the anterior L3 vertebral body (arrow), indicating pathological fracture due to gastric cancer metastasis.
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Figure 40.21. Prostate cancer metastasis
to lumbar spine. Sagital T1 (A) and T2 (B)
images through the lumbar spine show
diffuse signal abnormalities in the lumbar
vertebral bodies, indicating replacement
of normal marrow with metastatic dis-
ease. This patient demonstrates the dif-
fuse metastatic pattern typical of prostate
cancer. There is also evidence of epidu-
ral tumor extension behind the vertebral
bodies of L4 and L5 (arrows). The aggres-
sive nature of the metastatic tumor rarely
confines itself to the borders of the bone
and often extends into the epidural space.

A B

Figure 40.22. Multiple myeloma with
compression fractures. Sagital T1 (A) and
T2 (B) images through the lumbar spine
show extensive signal abnormality with
“punched-out” focal lytic lesions of bone
destruction typical of multiple myeloma.
The classic pattern of diffuse multiple
vertebral compression fractures suggests
that multiple myeloma is the underlying
pathology. Multiple myeloma is the most
common primary bone tumor, typically
occurring between ages 45 and 80 years.
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Figure 40.23. Leukemia. Sagital T1 image through the
lumbar spine of a patient with leukemia evidenced by
diffuse, homogenous replacement of normal fat signal
in vertebral bodies secondary to leukemia. The tumor
bone marrow signal is isointense in signal to the inter-
vertebral discs as compared to normal T1 marrow signal
being brighter than adjacent discs.

Figure 40.24. Cavernous hemangioma. Sagital T2 through the
cervical spine demonstrates an intramedullary lesion (arrow)
with expansion of the cord at level C4/5. The lesion has a het-
erogeneous signal with a peripheral rim of hypointense signal
signifying blood and commonly seen with cavernous heman-
giomas.

Figure 40.25. Multiple ependymomas. This young patient with
neurofibromatosis type 1 presented with progressive weakness
of the extremities. Sagital T2 image of the cervical and tho-
racic spine demonstrates multiple intramedullary lesions (small
arrows) with beaded expansion of the spinal cord marked by
heterogeneous signal. There is also a mass in the posterior fossa
indicating a brainstem tumor (large arrow).
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Figure 40.26. A classic MS case with fluctuating neurological deficits in
space and time. Sagital T2 image of the cervical spine demonstrates an MS
plaque as a focal hyperintense intramedullary lesion (arrow) in the cervical
spinal cord at C2/3 level without cord expansion. MS can mimic a spinal
cord neoplasm; however, this is less likely if there is no mass effect in the cord.
Most MS lesions occupy less than half the diameter of the cord, less than two
vertebral body lengths in size, and are normally located peripherally. Focal
plaques are typically found twice as often in the cervical cord as compared
to the lower cord levels.

A

B

Figure 40.27. Transverse myelitis. This 23-year-old female presented with ascending weakness and paralysis that began in the lower extremities
and rapidly progressed to the upper extremities. A: Sagital proton density T2 image shows hyperintense signal (arrows) in the cervical cord from
the craniocervical junction to the upper thoracic region. There is no evidence of cord expansion. B: Axial T2 image also shows a hyperintense
signal (arrow) in the center of the spinal cord. These findings of transverse myelitis in this patient were associated with Guillain-Barré syndrome,
and the patients’ symptoms improved within a few months, with subsequent MRI showing decreased signal intensity indicating resolution.
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Figure 40.28. Postviral transverse myelitis. This child
presented with headache, neck stiffness, and progres-
sive extremity weakness. Sagital T2 image shows dif-
fuse swelling of the cervical cord with increased signal
(arrow) associated with postviral transverse myelitis. The
inflammatory process of transverse myelitis is typically
a monophasic illness that usually resolves in weeks to
months.
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B

Figure 40.29. Syringomyelia. A: Sagital T2 image through the cervi-
cal spine shows evidence of syringomyelia with a homogeneous signal,
isointense with CSF, and smooth, well-defined borders of a syrinx
(arrow). The syrinx lies within the dilated central canal of the spinal
cord. B: Axial T2 image through the cervical cord demonstrates the
high signal of the syrinx (arrow). The combination of defined mar-
gins, homogeneity, and isointensity with CSF helps differentiate syrinx
from tumor. Clinical symptoms associated with syringomyelia are pro-
gressive dissociated sensory loss of pain and temperature of the upper
extremities, with retention of proprioception and absence of motor
deficits.
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Figure 40.30. Postlaminectomy arachnoiditis. A: Sagital T1 image
through the lumbar spine shows evidence of postsurgical defect with the
absence of posterior elements at L4–5 and associated hypointense signal
indicating scar formation (large arrow). There is also evidence of degen-
erative disc disease at L5/S1 (small arrow). B: Axial T2 image shows the
spinal nerve roots clumping (small white arrow) on the periphery of the
spinal canal, with the appearance of a bright empty thecal sac know as
the “empty sac” sign (large white arrow) characteristic of arachnoiditis.
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B

Figure 40.31. Postlaminectomy pseudomeningocele. A: Sagital T2
image through the lumbar spine demonstrates postsurgical defects with
absent posterior elements at L3–5 and a posterior fluid signal lesion
contiguous with the lumbar dural sac (arrow). B: Axial T2 image shows
evidence of postlaminectomy pseudomeningocele demonstrated by a
large CSF collection marked by hyperintense signal (arrow).
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CLINICAL INDICATIONS
The development and maturation of MRI has revolutionized the
clinician’s ability to noninvasively assess pathology with incred-
ible detail and accuracy. Unfortunately, the limited availability
and cost are major prohibitive factors in the prevalence of MRI
as a first-line imaging modality in emergency medicine. A grow-
ing body of research and technological advancement suggests
that MRI of the chest and heart will play a prominent role in
future screening and monitoring of appropriate patients. As an
example, even though MRI of the heart has matured to accu-
rately assess cardiac structure, function, perfusion, and myocar-
dial viability with a capacity unmatched by any other imaging
modality, it comprises only 0.1% of all noninvasive cardiac stud-
ies ordered (1). Although current clinical guidelines limit the use
of MRI of the chest and heart, it should be used more frequently
in acute care as logistical concerns regarding the technology are
overcome.

A careful history, physical exam, and relevant diagnostic
studies are fundamental to the assessment of a patient before
choosing the appropriate imaging modality. It is important to
document a patient’s presenting complaint and symptoms, along
with results from prior investigations, when requesting the study.
The stability of the patient’s condition will steer the physician’s
management of the patient. An unstable patient may not be able
to tolerate diagnostic tests of extended length such as MRI.

Pregnant patients may want to avoid the increased risk of fetal
malformation or cancers secondary to irradiation from CT or
multiple radiographs by using MRI. Research on the long-term
risk of MRI to the fetus has not found evidence for or against its
use. Even though small prospective studies on pregnant patients
and surveys of pregnant health care workers exposed to MRI
devices to date have not identified increased risks, precaution is
still recommended in the first trimester (2).

Patients with renal insufficiency or allergies unable to tol-
erate CT contrast agents may be better candidates for higher-
resolution MRI studies. However, the use of gadolinium con-
trast in patients with renal insufficiency or on dialysis should be
avoided. Gadolinium is not recommended due to the increased
risk of nephrogenic fibrotic dermopathy (NFD)/nephrogenic
systemic fibrosis (NSF), a rare condition of unclear etiology.

The strongest indication for MRI of the heart in the emergent
setting is to diagnose suspected aortic dissections. The Ameri-
can Academy of Radiology (ACR) appropriateness criteria rate
MRI of the heart as 8 out of 9 for aortic dissections, with limita-
tions related to cost and study time (3). Patients presenting with
acute thoracic aortic dissections (TADs) commonly complain
of tearing or sharp chest pain. Anterior chest pain is associated
with aneurysms of the ascending aorta, neck and jaw pain are
associated with the aortic arch, and pain in the intrascapular
area is associated with descending aortic aneurysms. Vasova-
gal symptoms may include diaphoresis, nausea, vomiting, light-
headedness, and severe apprehension. The mortality for aortic
dissection is 1 to 5 per 100,000 per year. Risk factors for aor-
tic dissection include a history of uncontrolled hypertension,
prior cardiac surgery, bicuspid aortic valve, increased age, male
gender, Marfan syndrome, Ehlers-Danlos syndrome, and preg-
nancy. Although trauma secondary to high-speed decelerations
commonly results in aortic rupture, this is a distinct injury from
aortic dissection (4).

Pulmonary embolism (PE) is one of the most common,
missed fatal events. More than 400,000 cases of PE are missed
annually in the United States, resulting in the death of more than
100,000 patients. Approximately 10% of the PE deaths occur
within 60 min of the initial onset of symptoms. Patients present-
ing with PE may have pleuritic chest pain, acute dyspnea, tachyp-
nea, hemoptysis, leg swelling, tachycardia, and discomfort in the
legs (4). Embolism is the leading cause of maternal mortality in
pregnancy, making up 20% of all maternal deaths (5). The chest
radiograph is likely to be normal in more than 50% of preg-
nant patients who are subsequently proven to have pulmonary
embolic disease (6). Radiation exposure during helical CT pul-
monary angiography (CTPA) is viewed as a negligible risk factor
to the fetus and less than the radiation of ventilation-perfusion
scans (7). Magnetic resonance angiography (MRA) of the lungs
is rated 4 out of 9 on the ACR appropriateness criteria. For those
patients without contraindications, x-ray and CTPA are recom-
mended. The ACR comments that MRA of the chest may be an
alternative modality for those unable to tolerate CT contrast (8).

Cardiac MRI (cMRI) has a number of advantageous
attributes. The inherent high contrast of spin echo’s dark blood
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and gradient echo’s bright blood enable exceptional visualiza-
tion of internal cardiac structures (9). This has lead to cMRI
being the gold standard for cardiac function tests. Transthoracic
ultrasound continues to be the dominant imaging modality due
to its lower cost and convenience to patients; however, it lacks
the sensitivity and specificity of cMRI.

The American Heart Association/American Cardiology
Association (AHA/ACA) guidelines recognize cMRI’s higher
spatial resolution and ability to recognize both the transmural
and circumferential extent of myocardial infarction (MI), but
the AHA/ACA task force requires more experience and compar-
ison to other methods for predicting infarct size before clinical
recommendations are made (10). The remarkable potential of
cMRI for depicting myocardial infarcts accurately should lead to
promising clinical research within the acute setting.

DIAGNOSTIC CAPABILITIES

MRI has the advantage of obtaining high-resolution 3D images
noninvasively without the use of contrast. Using spin echo tech-

niques, rapidly moving blood is void of signal and appears black,
whereas slow-moving blood has an increased signal. These MRI
characteristics make it easier to identify true and false lumens
and intimal flaps. Cine MRI is used to reference obtained images
to ECG recording, providing reconstructed, real-time cardiac
imaging (11). Adding a cine MRI protocol to spin echo tech-
niques adds 15 to 31 min to the procedure and provides detailed
information regarding valvular disease, regurgitant flow, and tur-
bulent flow (12).

The use of MRI for aortic dissection was first described in
1983 (13). For the diagnosis of thoracic aortic dissection, MRI of
the great vessels has proven efficacy. In a 1993 prospective study of
110 patients, the sensitivities for detecting TAD for MRI, trans-
esophageal echocardiography (TEE), x-ray CT, and transtho-
racic echocardiography (TTE) were 98.3%, 97.7%, 93.8%, and
59.3%, respectively. Specificities for MRI, TEE, x-ray CT, and
TTE were 97.8%, 76.9%, 87.1%, and 83%, respectively (Table
41.1). The authors of the study recognized the superiority of
MRI in accurately diagnosing and detailing the extent of dissec-
tion. They recommended initial TTE for rapid assessment with

Table 41.1: Relative Sensitivity, Specificity, Accuracy, Positive Predictive Value (PPV), and Negative
Predictive Value (NPV) among TTE, TEE, CT, and MRI

Findings (%) Sensitivity Specificity Accuracy PPV NPV

All dissections
TTE 59.3 83.0 69.8 81.4 61.9
TEE 97.7 76.9 90.0 87.7 95.2
CT 93.8 87.1 91.1 91.8 90.0
MRI 98.3 97.8 98.0 98.3 97.8
Type A dissections
TTE 78.1 86.7 84.1 71.4 90.3
TEE 96.4 85.7 90.0 81.8 97.3
CT 82.6 100 94.9 100 93.3
MRI 100 98.6 99.0 96.8 100
Type B dissections
TTE 10.0 100 80.4 100 80.0
TEE 100 96.4 97.1 88.2 100
CT 96.0 88.9 91.1 80.0 98.0
MRI 96.5 100 99.0 100 98.7
Site of entry
TTE 26.2 100 71.0 100 67.7
TEE 72.7 100 86.8 100 79.5
CT – – – – –
MRI 88.0 100 95.2 100 92.6
Thrombus formation
TTE 11.8 100 72.7 100 71.7
TEE 68.4 100 91.3 100 89.3
CT 92.0 95.6 94.4 92.0 95.6
MRI 98.2 98.5 95.2 97.0 94.4
Aortic regurgitation
TTE 96.9 94.7 95.4 88.6 98.6
TEE 100 95.3 97.1 92.9 100
CT – – – – –
MRI 83.2 100 96.6 100 96.8
Pericardial effusion
TTE 75.0 100 98.2 100 98.1
TEE 100 100 100 100 100
CT 100 100 100 100 100
MRI 100 100 100 100 100

From Nienaber CA, von Kodolitsch Y, Nicolas V, Siglow V, Piepho A, Brockhoff C, Koschyk DH, Spielmann RP:
The diagnosis of thoracic aortic dissection by noninvasive imaging procedures. N Engl J Med 1993;328(1):1–9.
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a follow-up TEE or MRI and advised against the less accurate,
contrast-based CT and more invasive, costly angiography. The
diagnostic information provided with TEE is less comprehensive
than the higher-resolution 3D views from MRI, but both tests
provide all the diagnostic information a surgeon would require
to properly treat the patient.

For patients presenting with chest pain of unclear etiology
without ECG or enzyme evidence of myocardial ischemia/MI,
the ACR rates MRI/MRA of the aorta as 6 out of 9 on their appro-
priateness scale after chest x-ray, nuclear myocardial perfusion
scan, CT, and ultrasound. The ACR highlights the ability of MRI
to identify myocardial wall motion abnormalities, myocardial
perfusion, pericardial thickening and effusion, and intracardiac
thrombi (14).

The diagnostic capabilities of MRA in detecting pulmonary
embolus are currently limited to larger emboli in the main pul-
monary artery through the segmental branches. The strengths
of MRA are its ability to acquire volumetric data of the lung vas-
culature with reconstruction and visualization in various spatial
planes. The ability to detect subsegmental PE is limited, but the
technology continues to advance with faster gradients, parallel
imaging, motion control, and shorter acquisition times (15).

Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED ) evaluated the accuracy of CTPA with venous-phase
imaging for deep vein thrombosis (DVT) in diagnosing acute PE.
The results reinforced the superior accuracy of CTPA in diag-
nosing PE. However, a significant portion of patients presenting
with a suspected PE may have contraindications to CTPA. The
PIOPED study evaluated 7,284 patients suspected of having a
PE. Of those, 25% were not eligible due to concerns regarding the
contrast agent, 1,350 had elevated creatinine or were on dialysis,
184 were pregnant, and 272 were allergic to contrast agents (16).

Patients ineligible for CTPA or angiography due to irradia-
tion or contrast concerns may be good candidates for MRA with
gadolinium-based contrast agents. Ersoy et al. demonstrated a
94% to 95% detection of emboli from the main pulmonary
artery, although the segmental branches using time-resolved 3D
MRA in 27 patients contraindicated for CTPA (17).

Delayed enhancement cardiac MRI (DE-cMRI) has made
tremendous ground in assessing myocardial ischemia and dam-
age. Patients receive gadolinium-based contrast agents 10 to 30
min before imaging protocols. Cine MRI is then ECG gated,
and a reconstruction of cardiac function is provided at increased
spatial resolution. The longer study times of standard imaging
protocols have made this impractical for patients presenting with
suspected myocardial infarcts. Research published from the Duke
Cardiovascular Magnetic Resonance Center described new tech-
niques for rapid detection of MI using subsecond, free breathing
DE-cMRI. Sensitivity, specificity, and accuracy for their rapid
method was 87%, 96%, and 91%, respectively, compared to the
standard technique, which was 98%, 100%, and 99%, respec-
tively. The subsecond techniques required less than 30 s to com-
plete imaging, 10 to 20 times less time than standard techniques
(18).

MRI of the chest and heart with its high spatial resolu-
tion and tissue blood contrast may identify incidental structures
such as cardiac masses, congenital malformations, or pulmonary
tumors. Recent technologies are even making gains in visual-
izing coronary artery disease with some notable results (19).

Studies suggest MRI of the lungs may be helpful in diagnos-
ing and monitoring pulmonary hypertension, COPD, chronic
thromboembolic pulmonary hypertension (20), vasculitis, and
arteriovenous malformations (21).

IMAGING PITFALLS/LIMITATIONS

Cost and on-call availability are the major limitations of using
MRI of the chest and heart regularly. Plain films, ultrasound,
and CT have benefited from drastic reductions in cost and easy
accessibility in EDs. As the availability of MRI improves, we may
expect similar changes in cost.

The second significant limitation is the time required to
image patients using MRI. The alternation of powerful magnetic
fields, directed radiofrequencies, and data acquisition are tech-
nologically and computationally intensive processes. Attempt-
ing to image the only significantly moving targets within the
body, the heart and lungs, is a remarkable challenge for medical
technology. To limit motion blurring, patients may be required
to perform 10- to 30-s breathholds. Gating data acquisition to
ECGs has been successful, but the technology for synchronizing
to a patient’s respiration rate is not as promising. Another lim-
itation is that patients presenting in an emergency setting may
not be able to physically perform breathholds or slow breathing
techniques for quality images.

Medical equipment for intubation, ECG leads, and patient
lines have been engineered to be MRI compatible. Patients may
be monitored acutely during imaging protocols. For example,
there is no evidence that patients receiving MRI for suspected
aortic dissections are at increased morbidity or mortality risks
by having extended MRI studies (11). New techniques for rapid
MRI of the thoracic aorta using half-Fourier rapid acquisition
have reduced mean imaging times to 48 s for ECG gated and 30
s for nontriggered acquisition (22).

Patients with cardiac pacemakers and cardioverter defibril-
lators are currently contraindicated to receive MRI due to the
effect of strong magnetic fields on the devices. Research is being
done to assess the safety of pacemakers in MRI. Studies sam-
pling the current generation of pacemakers have found no device
malfunctions or heating effect (23). Most prosthetic valves and
coronary stents are safe for cMRI, but may lead to artifacts
that degrade images. The safety profile depends on each specific
device and manufacturer. The MRI precautions from most stent
package inserts recommend avoiding MRI 8 weeks post stenting
for proper endothelialization, minimizing the stent migration
risk. Retrospective studies on patients receiving stents and cMRI
post-MI found no increased risks or adverse effects (24).

Gadolinium-based contrast agents are considerably safer
than CT contrast and dyes. Patients with renal insufficiency are
contraindicated to receive CT-based contrast agents. However,
a recent association between gadolinium-based MRA contrast
in dialysis patients and NFD/NSF, a rare systemic condition
of fibroblastic proliferation, is cause for some concern. There
were no known cases of NFD before 1997; however, the Cen-
ters for Disease Control and Prevention (CDC) database of cases
was in the hundreds as of 2007. The CDC recommends that
gadolinium-containing contrast agents be avoided in patients
with advanced renal failure, particularly in patients who are
undergoing peritoneal dialysis (25).
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CLINICAL IMAGES
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Figure 41.1A. Normal thoracic aorta coronal T1-weighted fat suppressed postgadolinium image through the normal thorax demon-
strates hyperintense blood flow within the cardiac and arterial structures. The aortic root and outlet are nicely displayed. Soft tissue
fat signal is suppressed for improved contrast. The pulmonary alveolar air contributes a hypointense, black signal surrounding
the cardiac silhouette. Hepatic arterial blood flow is also contrasted well against the isointense hepatic tissue. B: Axial FLASH
postgadolinium delayed image of the thorax demonstrates the hyperintense signal of the great vessels superior to the heart. The
aorta and superior vena cava are noted anteriorly. Beneath the aortic arch, we see the right and left pulmonary arteries. Posteriorly
is the hyperintense descending aorta. C: Sagital T1-weighted fat suppressed postgadolinium image displays the hyperintense curved
descending aorta entering below the level of the diaphragm distally. The heart structures anteriorly are blurred secondary to cardiac
motion. D: MRA 3D arterial reconstruction of thoracic vasculature demonstrates the hyperintense signal of the left and right
ventricle, aorta, pulmonary arterial vasculature, origin of the brachiocephalic trunk, common carotid, and left subclavian artery.
Bilateral common carotids in the neck and abdominal celiac blood flow are noteworthy.
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Figure 41.2. Aortic dissection. A 65-year-old male with Stanford type B aneurysm and dissection involving the descending aorta. A: Axial T1
FLASH postgadolinium image displays a dual hyperintense lumen in the descending aorta with isointense intraluminal thrombus (arrow). The
descending aorta measures 5.3 × 4.64 cm in diameter. The hyperintense true lumen anteriorly measures 1.81 cm in diameter, and the false
lumen medial and posteriorly measures 3.63 × 2.28 cm. B: Axial T1 FLASH postgadolinium image at the level of the diaphragm demonstrates
continuation of the dual aortic lumens and thrombus. C: Sagital T1 3D postgadolinium image demonstrates the dissection flap originating near
the origin of the left subclavian artery and progression of the aortic dissection well below the level of the diaphragm with significant thrombus
in the posterior aspect of the aortic lumen. D: Coronal T1 FLASH postgadolinium image demonstrates the hyperintense true and false lumen
entering the diaphragm distally and terminating near the level of the celiac trunk.
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Figure 41.3. MI. Study compares routine breathhold delayed contrast enhancement cardiovascular magnetic reso-
nance to subsecond (<30 s) for the detection of MI. Representative images in three patients showing concordant
hyperenhancement patterns between standard and subsecond imaging. Courtesy of Raymond J. Kim, MD, Duke
Cardiovascular Magnetic Resonance Center, Durham, N.C.
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Figure 41.4. Coarctation. A: A 30-year-old female with
aortic coarctation, axial iPAT acquired postgadolinium
image demonstrates hyperintense signal of the descend-
ing aorta with significant stenosis to 0.48 cm. B: Sagital
FLASH 3D postgadolinium image demonstrates a point of
stenosis (arrow) posterior to the heart with aortic dilation
distally. C: Sagital MIP 3D reconstruction image demon-
strates coarctation of the aorta posterior to the heart and
stenosis at the level of the diaphragm.
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A B

Figure 41.5. PE. A 56-year-old man with a history of heart transplant in 1999 and lung cancer who is experiencing
shortness of breath, lower extremity edema, and left popliteal DVT. 3D TRICKS MRA with the IV administration of
40 mL gadolinium contrast. Coronal thin MIP (A) and 3D volume (B) demonstrate acute thrombus (arrows) within
the right upper lobe artery. Courtesy of Hale Ersoy, MD, Cardiovascular Imaging Section, Department of Radiology,
Brigham and Women’s Hospital and Harvard Medical School, Boston.
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Figure 41.6. Restrictive cardiomyopa-
thy/cardiac function. A 61-year-old
male with history of amyloidosis; heart
function evaluated with cardiac gated
postgadolinium sequential magnetic
imaging. A: Oblique sagital IR/turbo
FLASH short-axis image demonstrates
a cross-section of the right and left
ventricle in diastole. Note the detail of
the hypointense left ventricular papillary
muscles in the hyperintense blood-
filled chamber. B: The systolic image
from the same sequence demonstrates
maximal cardiac contraction and mild
left ventricular hypertrophy in this
patient. C: Oblique sagital IR/turbo
FLASH long-axis image demonstrates
the left ventricle and left atrium during
diastole. Note the thin hypointense line
demonstrating the mitral valve leaflets
(arrows). D: The systolic image from
the same sequence demonstrates the left
ventricle in maximal contraction.
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CLINICAL INDICATIONS

Despite its status as the least used imaging modality of the ED,
MRI is a continually evolving technology that may one day be
indispensable to the ED physician. The combination of supe-
rior contrast and resolution frequently provides more sensitive
and specific diagnoses of abdominal pathology, relative to CT
(1–3). MRI also carries the additional, and perhaps more impor-
tant, benefit of producing its images by measuring the effect of
a radiofrequency pulse on tissue within a static magnetic field
(4). The clinical relevance of this is that high-quality images can
be obtained without the use of ionizing radiation. In May 2005,
the U.S. Food and Drug Administration released a report stating
that the amount of radiation exposure from a single CT scan of
the abdomen may be enough to increase the lifetime probability
of a fatal cancer by 1 chance in 2,000 (5). As MRI becomes faster
and increasingly cost effective, it is not unreasonable to predict
that it may eventually supplant CT scanning as first-line imaging
in many indications.

Today, however, the American College of Radiology (ACR)
offers a very specific list of indications for MRI of the abdomen
(Table 42.1). Although these are useful, they do not become
compelling without the presence of a strong contraindication
for CT scanning. In the ED, this scenario is most commonly
encountered in the pregnant patient. There is debate as to how
much ionizing radiation exposure is acceptable in a pregnant
patient, but it is generally agreed that this exposure is not with-
out risk and should be avoided if possible (6). Even though no
study to date has shown adverse effects of MRI on a fetus, its use
must be chosen carefully. The ACR currently recommends the
use of MRI during pregnancy if 1) the information requested
from the MR study cannot be acquired via nonionizing means
(e.g., ultrasonography), 2) the data are needed to potentially
affect the care of the patient or fetus during the pregnancy, and
3) the referring physician does not believe that it is prudent
to wait until the patient is no longer pregnant to obtain these
data (7).

DIAGNOSTIC CAPABILITIES

In general, MRI is known for its superior ability to diagnose
pathology of the abdomen due to its intrinsically high contrast.
This, along with its ability to provide images in any plane and its
low susceptibility to artifacts, often combine to provide uniquely
useful imaging of the abdomen. Specifically, MRI can often create
the highest quality imaging of the liver, gallbladder, biliary sys-
tem, pancreas, spleen, and kidneys. This becomes useful when
you consider the fact that several of the most common diag-
noses among the more than 7.5 million annual visits to U.S. EDs
for acute abdominal pain stand out as being particularly suited
to MRI (11). Of these, there is particularly good evidence con-
cerning the diagnosis of cholecystitis, cholangitis, pancreatitis,
appendicitis, and renal artery stenosis.

In the diagnosis of acute cholecystitis, it remains unques-
tioned that first-line imaging should always be ultrasound (US).
It has relatively high sensitivity and specificity, 88% and 80%,
respectively (12), and is quick and cost effective. Occasionally,
however, US can be nondiagnostic secondary to patient obesity,
obstructing bowel gas, failure to visualize, or when a single cal-
culus is impacted in the cystic duct (US sensitivity = 14%). In
these situations, magnetic resonance cholangiopancreatography
(MRCP) has been shown to have a significantly better sensitiv-
ity and accuracy, making it an excellent second-line diagnostic
modality (13,14).

When acute cholangitis is clinically suspected, based on
the presence of Charcot’s triad of jaundice, abdominal pain,
and fever, the initial imaging is most often accomplished by
ultrasound, which is then followed by endoscopic retrograde
cholangiopancreatography (ERCP) for both confirmation of the
diagnosis and therapeutic stone extraction. MRCP, however, is
becoming a useful alternative when US is nondiagnostic or ERCP
is unsuccessful or contraindicated. MRCP shows 90% to 95%
concordance with ERCP without the associated mortality rate of
0.07% or the associated morbidity (7.5% of patients will suffer
pancreatitis, infections, bleeding, or perforations) (15–17).
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Table 42.1: Abbreviated ACR Indications for MRI of the Abdomen

Pancreas

1. Detection or preoperative assessment of pancreatic tumors
2. Characterization of indeterminate lesions detected with other imaging modalities
3. Evaluation of pancreatic duct anomalies, obstruction, or dilatation
4. Evaluation of pancreatic or peripancreatic fluid collections
5. Evaluation of chronic pancreatitis or complications of acute pancreatitis

Spleen
1. Characterization of indeterminate lesions detected with other imaging modalities
2. Detection and characterization of suspected diffuse abnormalities of the spleen

Kidneys
1. Detection or preoperative assessment of renal tumors
2. Characterization of indeterminate lesions detected with other imaging modalities
3. Evaluation of the urinary collecting system for abnormalities of anatomy or physiology (MR urography)

Adrenal glands
1. Detection of pheochromocytoma and functioning adrenal adenoma
2. Characterization of indeterminate lesions detected with other imaging modalities

Vascular
1. Diagnosis and/or assessment of the following vascular abnormalities:

i. Aneurysm or dissection of the aorta and its branch vessels
ii. Stenosis or occlusion of the aorta and major branch vessels

iii. Arteriovenous fistula or malformation
iv. Portal, mesenteric, splenic vein, inferior vena cava (IVC), renal vein, or hepatic vein thrombosis

2. Vascular evaluation in one of the following clinical scenarios:
i. Lower extremity claudication

ii. Suspected renovascular hypertension
iii. Suspected chronic mesenteric ischemia
iv. Hemorrhagic hereditary telangiectasia
v. Suspected Budd-Chiari syndrome

vi. Portal hypertension
vii. Suspected gonadal vein reflux

viii. Detection of suspected leak following abdominal aortic aneurysm surgery or MR-compatible aortic stent graft placement

Bile ducts and gallbladder
1. Detection of bile duct and gallbladder cancer
2. Detection of bile duct or gallbladder stones

Liver
1. Detection of focal hepatic lesions
2. Lesion characterization (i.e., cyst, hemangioma, hepatocellular carcinoma, metastasis, focal nodular hyperplasia, hepatic adenoma)
3. Evaluation of vascular patency
4. Evaluation of diffuse liver disease such as cirrhosis, hemochromatosis, hemosiderosis, fatty infiltration
5. Clarification of findings from other imaging studies or laboratory abnormalities
6. Evaluation of congenital abnormalities

Other
1. Assessment of inflammatory disorders of the bowel
2. Detection and characterization of retroperitoneal neoplasms other than above
4. Detection and evaluation of primary and metastatic peritoneal neoplasms
5. Detection and characterization of intraabdominal fluid collections

Adapted from ACR: ACR practice guideline for the performance of magnetic resonance imaging (MRI) of the abdomen (excluding the liver).
2005, October 1 (amended 2006). Available at: http://www.acr.org/SecondaryMainMenuCategories/quality safety/guidelines/dx/gastro/
mri abdomen.aspx; ACR: ACR practice guideline for the performance of magnetic resonance imaging (MRI) of the liver. 2005, October 1
(amended 2006). Available at: http://www.acr.org/SecondaryMainMenuCategories/quality safety/guidelines/dx/gastro/mri liver.aspx; ACR:
ACR practice guideline for the performance of pediatric and adult body magnetic resonance angiography (MRA). 2005, October 1 (amended
2006). Available at: http://www.acr.org/SecondaryMainMenuCategories/quality safety/guidelines/pediatric/body mra.aspx.
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MRI is also increasingly used in the diagnosis of acute pan-
creatitis. There is now strong evidence that nonenhanced MRI is
as effective as contrast-enhanced CT in assessing the severity of
acute pancreatitis as well as outcome prediction (18). This could
be especially useful in the patient where clinical suspicion of acute
pancreatitis is high and CT imaging is negative. Use of MRI also
provides the added benefits of increased ability to detect con-
current choledocholithiasis and pancreatic hemorrhage, while
avoiding the use of nephrotoxic contrast.

MRCP is similarly emerging as a diagnostic modality for
chronic pancreatitis. ERCP remains the gold standard, but inno-
vations in MRCP, such as secretin-enhanced MRCP (19) and
combination with endoscopic ultrasound, are yielding sensitiv-
ities and specificities up to 98% and 100%, respectively (20).
With similar benefits to those mentioned previously, it is not
unexpected that utilization of MRCP continues to increase.

Appendicitis, in the properly selected patient, is also well
diagnosed by MRI. This is particularly attractive in pregnant
patients because they have a higher incidence of appendicitis,
and there are the special considerations of avoiding unnecessary
surgery in a pregnant patient as well as sparing the fetus exposure
to ionizing radiation. A recent study demonstrated the superior
sensitivity of MRI, 100%, as well as the competitive specificity,
94% (21), relative to the sensitivity and specificity of CT, 94% and
95%, respectively (22), in diagnosing appendicitis in a pregnant
patient.

In addition, in patients presenting with malignant hyper-
tension, MR angiography has emerged as an exquisitely sensitive
modality for the diagnosis of renal artery stenosis. Studies have
consistently shown that sensitivities can range from 97% to 98%
and specificities from 90% to 100% (23), as compared to spi-
ral CT angiography with 90% and 97%, respectively (24). This
moderate improvement in diagnosis, along with the inherent
advantages of MR scanning versus CT scanning, has advanced
MR angiography to first-line screening for renovascular hyper-
tension in many institutions.

IMAGING PITFALLS/LIMITATIONS

Despite the wide range of possible applications of MRI, there
are several limitations that prevent its use in a wide range of

patients. First and foremost is that MRI of the abdomen is rarely
indicated emergently. MRI scans take a significant amount of
time, and the risk of an unstable patient decompensating during
the scan far outweighs the possible benefits of the imaging. If
imaging is believed to be necessary in this situation, a CT scan
should be the modality of choice.

In addition to selecting only hemodynamically stable
patients, a thorough history and physical should be performed
to screen for several additional contraindications for MRI.
MRI, as its name implies, functions with the aid of strong
magnets, which have the ability to displace any ferromagnetic
implants and interfere with electronic devices. In general, car-
diac pacemakers, intracranial aneurysm clips, certain neurostim-
ulators, certain cochlear implants, and other electronic devices
are absolute contraindications (25). Most orthopedic hard-
ware, however, is safe but may cause an increase in artifacts
(26).

In addition to these absolute contraindications, there are sev-
eral relative contraindications that should be taken into account.
Most MRI scanners are unable to accommodate patients that
weigh more than 350 lb or are greater than 60 cm in diame-
ter, making scanning of morbidly obese patients difficult, if not
impossible (27). There are open MRI systems that can accom-
modate patients up to 550 lb, but they are, unfortunately, not
widely available.

Preliminary lab work to establish good renal function is
recommended if a scan using gadolinium contrast is planned.
Gadolinium lacks the nephrotoxicity of iodinated contrast agents
commonly used in CT scanning, but recent warnings have
been issued against its use in patients with renal failure due
to a potential link with a scleroderma-like illness, nephro-
genic systemic fibrosis (28,29). Although this complication is
rare, it is considered severe enough to warrant these new
precautions.

Finally, patients selected for MRI must be able to lie still for
the duration of the scan to prevent movement artifacts. This is a
particularly important point to address in patients with pain, in
which case analgesics should be administered prior to the scan,
as well as in pediatric patients. In this situation, if the scan is
believed to be sufficiently important, a sedative is recommended
to minimize movement.



MRI of the Abdomen 571

CLINICAL IMAGES

A

A

A

Figure 42.1. Normal MRI anatomy. A: 1 = Liver, 2 = immediately below
collapsed esophagus, 3 = inferior vena cava (IVC), 4 = aorta, 5 =
stomach, 6 = spleen (Continued ).
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B

B

B

Figure 42.1 (Continued ). B: 1 = Liver, 2 = gallbladder,
3 = IVC, 4 = aorta, 5 = duodenum, 6 = spleen, 7 =
body of pancreas.

C

C

C

Figure 42.1 (Continued ). C: 1 = Liver, 2 = transverse
colon, 3 = IVC, 4 = aorta, 5 = duodenum, 6 = left
kidney, 7 = pancreas.
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D

D

D

Figure 42.1 (Continued ). D: 1 = Liver, 2 = transverse
colon, 3 = IVC, 4 = aorta, 5 = right kidney, 6 = left
kidney, 7 = pancreas.

E

E

E

Figure 42.1 (Continued ). E: 1 = Descending colon, 2 =
left kidney, 3 = IVC, 4 = aorta, 5 = right kidney.
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A

B

Figure 42.2. Abdominal aortic aneurysm. A: Coronal maximum
intensity projection (MIP) reconstruction showing a large aneurysm
measuring 4.8 × 4.7 cm in its largest diameter. This aneurysm
does not extend into the common iliac arteries. B: Same patient
in axial T1-weighted postgadolinium image showing high-intensity
gadolinium in the lumen surrounded by low-intensity wall thrombus
(Continued ).

C

E

D

Figure 42.2 (Continued ). C: Axial T1-weighted postgadolinium image
in a second patient showing extension of an aneurysm into the common
iliac arteries. Sagital T1-weighted (D) and coronal T1-weighted (E)
images of the same patient showing a very large 8.6 × 7 cm aortic
aneurysm beginning just below the origin of the superior mesenteric
artery (arrows, e and f).
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A

B

C

Figure 42.3. Aortic dissection. A: Coronal MIP reconstruction showing
complex aortic dissection ending just proximal to the aortic bifurcation as
well as 50% stenosis of the right common iliac artery (arrow). B: Coronal
T1-weighted imaging with arrows indicating place of cleavage. C: Axial
T1-weighted image showing an intimal flap separating the false and true
lumens. The false lumen can be distinguished by its higher signal intensity
in T1 due to its slower relative rate of flow.

A B

Figure 42.4. Simple and hemorrhagic renal cysts. Sagital T2-weighted (A) and sagital T1-weighted (B) images showing renal cysts. The cyst in
the right kidney is hyperintense on T2 and hypointense on T1, indicating that it is a simple cyst. The opposite is true of the cyst in the left kidney,
which is characteristic of a hemorrhagic cyst (Continued).
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C

E

D

Figure 42.4 (Continued ). Axial T1-weighted (C) and axial T2-
weighted (D) images in a second patient demonstrating multi-
ple simple cysts of the left kidney. E: Sagital T2-weighted image
of a patient with autosomal dominant polycystic kidney disease
showing bilaterally enlarged kidneys with cysts involving nearly
every part of the renal parenchyma.

A

C

B

Figure 42.5. Renal cell carcinoma. Coronal T1-weighted (A) and
coronal fat suppressed T2-weighted (B) images showing an 8.5 ×
7.6 cm cyst with 1.7 × 1.7 solid mass at its superior aspect. C: Coro-
nal postgadolinium Flash 3D image showing stromal enhancement
of the mass, an indication of malignancy (Continued ).
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D

E

Figure 42.5 (Continued ). D: Coronal T1-weighted image from a second patient showing an advanced left 7.8-cm renal cell carcinoma. E: Coronal
T1-weighted fat suppressed image in the same patient showing the tumor’s invasion into the left renal vein, through the inferior vena cava, and
into the right atrium.

A

C

B

Figure 42.6. Renal artery stenosis. A: A coronal postgadolinium
FLASH 3D image showing severe narrowing of the left renal artery
(arrow). B: Coronal T2-weighted view of the same patient showing
an atrophic left kidney with moderate hydronephrosis and cortical
thinning, most likely secondary to arterial insufficiency. C: Coronal
MIP reconstruction in a second patient showing greater than 50%
origin stenosis of the right renal artery (arrow) and a duplicated left
renal artery.
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A

B

C

Figure 42.7. Hydronephrosis. Axial T2-weighted (A), coronal
T2-weighted (B), and coronal fat suppressed postgadolinium T1-
weighted (C) views of severe left hydronephrosis in a patient with
ureteropelvic junction obstruction.

A

B

C

Figure 42.8. Adrenal adenoma. Coronal T1-weighted (A), axial
T1-weighted (B), and axial T2-weighted (C) images showing a
3.1 × 2.4 × 2.7 cm left adrenal mass (arrows) in a patient with he-
patosplenomegaly. Adrenal adenomas are usually solitary encap-
sulated lesions and are common incidental findings in imaging of
the abdomen. Clinical workup is only recommended for adeno-
mas greater than 2 cm in diameter.
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Figure 42.9. Cholelithiasis. A: Axial T1-weighted image
with multiple round to faceted gallstones within the
gallbladder. Axial T2-weighted (B) and coronal fat sup-
pressed postgadolinium T1-weighted (C) views in the
same patient (Continued ).

D

Figure 42.9 (Continued ). D: Coronal T2-weighted image in a
second patient showing cholelithiasis with pericholic fluid. Gall-
stones are most typically found incidentally and usually present
as intraluminal, signal void, round or faceted structures on both
T1- and T2-weighted images.
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A

B

Figure 42.10. Choledocholithiasis. A: Coronal fat suppressed T2-weighted image showing three faceted low-signal stones in a
dilated common bile duct. Notice the meniscus of high-signal bile above the superior stone. B: Coronal T2-weighted MRCP image
in the same patient.

A

C

B

Figure 42.11. Splenomegaly. Coronal T1-weighted (A) and coro-
nal T2-weighted (B) images showing an enlarged spleen, mea-
suring 14.6 cm, with several hemangiomas. C: Axial T1-weighted
view of a patient with cirrhosis and an enlarged spleen measuring
16.5 cm in length.
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A B

Figure 42.12. Splenic infarct. Axial fat suppressed postgadolinium T2-weighted (A) and axial postgadolinium T1-weighted (B) images showing
a wedge-shaped infarct that fails to enhance on postgadolinium images. Notice the peripherally enhancing splenic capsule around the defect.

A

B

C

Figure 42.13. Ascites. Axial T1-weighted (A), axial T2-weighted (B), and
coronal fat suppressed T2-weighted (C) images of a cirrhotic patient
showing excess fluid in the peritoneal cavity that has low signal intensity on
T1-weighted and high signal intensity on T2-weighted images, consistent
with a low protein transudate. Exudative or hemorrhagic fluid collections
would have the opposite presentation, giving the evaluator valuable clues
to its pathogenesis.
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A

B

C

Figure 42.14. Simple hepatic cysts. Axial postgadolinium T1-
weighted (A), coronal T2-weighted (B), and coronal T1-
weighted (C) images of a patient with two simple hepatic cysts.
They can be separated from potentially malignant lesions
by their sharp borders, homogeneous interiors, and lack of
enhancement on postgadolinium images.

A B

C D

Figure 42.15. Hepatocellular carcinoma. A: Axial T1-weighted image showing 2.8-cm low-signal lesion adjacent to the
gallbladder in liver segment V. Axial fat suppressed T2-weighted (B), coronal fat suppressed T2-weighted (C), and axial
fat suppressed postgadolinium T2-weighted (D) images from the same patient. Notice that postgadolinium the lesion is
heterogeneously enhancing with a clearly visible pseudocapsule.
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A

B

C

Figure 42.16. Metastatic liver disease. Axial T1-weighted (A) and axial
postgadolinium T1-weighted (B) images showing an enlarged liver with
extensive metastatic disease from a primary cervical cancer. C: Coro-
nal fat suppressed T2-weighted image in the same patient showing right
hydronephrosis secondary to ureteral obstruction by the primary malig-
nancy.

A B

C

Figure 42.17. Pancreatic pseudocyst. Coronal T2-weighted (A)and axial
fat suppressed postgadolinium T1-weighted (B) image showing a small
pseudocyst (arrow) of the pancreatic head in a patient with acute pancre-
atitis. C: Axial T2-weighted view showing communication of the pseu-
docyst with a prominent pancreatic duct (Continued).
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D E

Figure 42.17 (Continued). Coronal T2-weighted (D) and axial T2-weighted (E) images from a second patient showing a large hemorrhagic
pseudocyst with very little normal residual tissue. Also seen is cholelithiasis with pericholecystic fluid.

A B

Figure 42.18 Pancreatic cancer. A: Axial fat suppressed postgadolinium T1-weighted image of pancreatic cancer of the head of the pancreas.
B: Axial T2-weighted image showing the pancreatic cancer as well as dilation of the pancreatic duct.
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MRI of the Extremities

Kathryn J. Stevens

INDICATIONS

MRI is an excellent imaging modality for visualizing soft tis-
sue and bony pathology. Although the majority of hospitals now
have MRI scanners, they are still not widely available on call. MRI
studies should only be requested emergently if the required diag-
nostic information cannot be adequately obtained from other
imaging studies such as radiographs, CT, or ultrasound. How-
ever, nonurgent MRI studies can be extremely helpful for the
diagnostic workup of patients presenting to the ED, if the patient
will not suffer any detrimental effects from the delay in imaging.

It is vital to provide the relevant clinical history and diag-
nostic information with any request for imaging to help deter-
mine the most appropriate radiological study. Documentation
of a patient’s presenting symptoms or precipitating event on the
request form is important because a request that states “to simply
rule out [a particular diagnosis]” may cause insurance compa-
nies to deny subsequent reimbursement. It is helpful to indicate
which investigations the patient has had prior to imaging and
whether the results of these tests were abnormal.

In females of reproductive age, it is important to deter-
mine whether the patient is pregnant prior to requesting a study
because this may alter the choice of examination. During preg-
nancy, ultrasound or MRI are preferable to CT or multiple radio-
graphs, which involve patient irradiation, unless the risk to the
mother from undiagnosed injuries outweighs the risk to the fetus
from irradiation.

Knowledge of renal function is critical when considering
which imaging modality to request. The radiologist must be
informed about any potential renal compromise prior to book-
ing any cross-sectional imaging study. Iodinated radiographic
contrast agents are usually not given if renal function is com-
promised, particularly when associated with diabetes melli-
tus, because these patients are at increased risk of developing
contrast-induced nephropathy (1–3). An MRI examination may
provide more useful information than CT in these cases. How-
ever, the MRI contrast agent gadolinium is also contraindicated
in patients with preexisting renal failure, as this has recently
been linked to the development of nephrogenic systemic fibro-
sis/nephrogenic fibrosing dermopathy (4). This entity was first

described in 1997 and is characterized by skin thickening with
inhibition of flexion and extension of joints due to contractures,
eventually progressing to widespread fibrosis of other organs,
which may be fatal.

MRI is exquisitely sensitive to bone marrow edema and can
be used to evaluate for occult bony injuries that cannot be seen
on radiography, or sometimes even on CT (5–8). MRI should be
considered for any patient with symptoms and physical findings
strongly suggestive of a fracture, even if the radiographs or CT
are negative. An MRI scan may be requested emergently, if the
presence of a fracture may require surgical intervention, result in
a patient’s admission to the hospital, or has the potential to dis-
place if untreated, for example, an occult fracture of the femoral
neck. However, an MRI scan can be requested on a more routine
basis to show the presence or absence of an occult fracture in an
extremity, if this would alter the patient’s immediate manage-
ment or had the potential to cause subsequent complications if
unrecognized. MRI can also be used to evaluate patients in whom
an underlying soft tissue injury or internal joint derangement is
suspected, if this injury may require surgical repair or would lead
to a significant change in the patient’s subsequent management
(9–18).

MRI can also be considered if there is clinical or radiographic
concern for soft tissue or bony infection, both to confirm the
diagnosis and define the extent of bony, soft tissue, or joint
involvement (19,20). CT is more widely available and readily
accessible, and can also be helpful in the initial evaluation of a sep-
tic patient. CT can demonstrate subcutaneous edema, soft tissue
abscesses, soft tissue gas, radiopaque foreign bodies, periosteal
reaction, and bony destruction. However, MRI is more sensitive
for early soft tissue or bone marrow edema, and can elegantly
demonstrate abscesses, interfascial fluid collections, skin defects,
and bony destruction, particularly when IV gadolinium is given.
Gradient echo sequences are also sensitive for picking up small
bubbles of gas or metallic foreign bodies, manifesting as bloom-
ing areas of low signal intensity or susceptibility artifact.

MRI can also be helpful to evaluate for inflammatory dis-
orders, as well as bony or soft tissue neoplasms. However, MRI
may also pick up incidental lesions or normal anatomical variants
that simulate pathological lesions. Therefore, it is important to
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correlate imaging findings with the presenting complaint and
to have some knowledge of the normal anatomy of the muscu-
loskeletal structures in the extremities in order to avoid over-
diagnosing pathology.

DIAGNOSTIC CAPABILITIES

Trauma is one of the most common reasons for a patient to
present to the ED. Fractures and dislocations are common, and
are almost always associated with injuries to intraarticular struc-
tures and surrounding soft tissues. Although bony injuries are
usually best demonstrated on radiographs or CT studies, the
extent of associated soft tissue damage is often underestimated.
Soft tissue swelling, joint effusions, and joint space asymmetry
are signs that increase clinical suspicion for associated injuries.
Fine detail of the adjacent soft tissues can also be appreciated rel-
atively well with modern multidetector CT scanners, particularly
with the ability to reformat images in multiple planes. Soft tissue
injuries can also be evaluated with ultrasound, which can be used
to accurately diagnose muscle tears, tendon injuries, and peri-
articular structures. Ultrasound has the advantage of dynamic
scanning, which can be useful in some abnormalities, such as ten-
don tears or muscle hernias, which can be detected more easily
when the affected limb is actively or passively moved. However,
musculoskeletal ultrasound is very operator dependent, and it
can take considerable time to acquire the necessary skills. It may
not be able to capture an entire anatomical structure in one
frame, and in most joints, it is not possible to interrogate deep
intraarticular structures with ultrasound.

Trauma to ligaments, tendons, muscles, neurovascular bun-
dles, and intraarticular structures is therefore best assessed with
MRI. MRI scanners with higher field strength, new coil technol-
ogy, fast pulse sequences, and increased use of contrast agents
have expanded the use of MRI in musculoskeletal applications.
The majority of radiology departments develop their own stan-
dard imaging protocols to ensure that studies are consistent and
reproducible. However, the quality of the scan does vary with
the strength of the MRI scanner and type of transmit and receive
coil used, and also depends to some degree on the training and
skill of the MRI technologists and sequence selection by radiol-

ogists. MRI is ideal for evaluating complex joint anatomy, given
the multiplanar imaging capabilities. T1-weighted sequences are
ideal for demonstrating fine anatomical detail, and fat-saturated
(FS) fluid-sensitive sequences such as T2 and proton density
(PD) can demonstrate subtle pathology that may currently be
overlooked with other imaging modalities.

IMAGING PITFALLS/LIMITATIONS

MRI is noninvasive, involves no radiation, and is therefore ideal
for younger patients. However, children younger than 6 years
may find it difficult to remain still for the duration of the scan,
thereby resulting in motion artifact. Similarly, patients that are
claustrophobic or are in significant pain may also be unable to
tolerate lying in the scanner. Such patients may be premedicated
if this is known beforehand. It is not advisable to scan unstable
patients by MRI because sequences acquisition takes longer than
a CT scan in an emergent situation. However, monitoring equip-
ment can now be made MR compatible, and patients requiring
supportive care can be safely monitored while in the MRI scanner
(21,22).

Most MRI scanners have a weight limit of approximately 400
lb and a maximum bore diameter of 70 cm, therefore excluding
morbidly obese patients. Obese patients that can fit into the MRI
scanner may not fit into an appropriate extremity coil, which will
also alter the quality of the images obtained.

There are a number of absolute contraindications to MRI
scanning, which include intracranial aneurysm clips, intraoc-
ular metallic foreign bodies, and cardiac pacemakers. Strong
magnetic fields can cause displacement of small metallic struc-
tures and will cause malfunction of electronic devices. Ortho-
pedic hardware is generally not a contraindication to scanning.
However, significant susceptibility artifact is created by metallic
implants, particularly those containing stainless steel (23). It is
important to provide appropriate information on any internal
metallic hardware when requesting an MRI scan so the radiol-
ogist can protocol the scan appropriately to minimize metallic
artifact. This generally involves acquiring STIR images, instead
of T2-weighted images, and avoiding gradient echo sequences,
in which metallic artifact is maximized.
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Figure 43.1. Normal anatomy of the shoulder. Patients are usually imaged with the arm at the side, either at neutral or externally rotated for optimal
visualization of rotator cuff tendons. Clav = clavicle, Glen = glenoid, Hum = humeral head, Acr = acromion, Cor = coracoid process, SST =
supraspinatus, IST = infraspinatus, T min = teres minor, SSC = subscapularis, Delt = deltoid, P maj = pectoralis major, SGHL = superior
glenohumeral ligament, MGHL = middle glenohumeral ligament, biceps tendon (open arrows), biceps anchor (∗), labrum (white arrows). A:
Coronal oblique T2 fat saturation (FS) image, prescribed in plane with the supraspinatus tendon, passing through the anterior humeral head. B:
Coronal oblique T2 FS image through the midportion of the humeral head. C: Coronal oblique T2 FS image through the posterior humeral head.
D: MR arthrogram. Sagital oblique T1 FS image following intraarticular gadolinium at the level of the glenoid (Continued ).
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Figure 43.1 (Continued ). E: Sagital oblique T2 FS image at the level of
the rotator interval, where the biceps tendon pierces the rotator cuff.
Note the patchy increased marrow signal in the metaphysis of the proxi-
mal humerus. This is hematopoietic marrow and is common in the axial
skeleton and proximal appendicular skeleton. Increased hematopoietic
marrow is seen in adolescents, athletes, menstruating females, obese indi-
viduals, smokers, and patients with anemia. F: Axial proton density (PD)
FS image at the level of the coracoid process. G: MR arthrogram. Axial T1
FS image at the level of the coracoid process.
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Figure 43.2 A: Anteroposterior (AP) radiograph of the right
shoulder showing anterior dislocation of the humeral head.
Coronal T2 FS (B) and axial PD FS (C) images of a patient
with a recent anterior dislocation showing a Hill-Sachs
impaction fracture in the posterosuperior humeral head
(dotted arrows) with associated bone marrow edema, which
manifests as high T2 signal intensity. A large joint effusion
is evident, and there is ill-defined fluid around the inferior
joint capsule suggesting rupture (open arrow). Axial PD
FS (D) and sagital oblique T2 FS (E) images showing an
extensive tear of the anterior labrum (Bankart lesion), with
fluid undercutting the labrum (arrows).
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Figure 43.3. AP (A) and axial (B) radiographs showing a pos-
terior dislocation of the glenohumeral joint, with a “light bulb”
sign of the humeral head on the frontal view (shaped like a light
bulb instead of the normal club shape). On the axial radiograph,
the humeral head is dislocated posteriorly and is impacted on
the posterior glenoid. Sagital oblique T2 FS (C and D) and axial
PD FS (E) images showing a tear of the posterior inferior labrum
(arrows), with a likely associated glenoid fracture and a reverse
Hill-Sachs impaction fracture on the anterosuperior humeral
head (dotted arrows).
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Figure 43.4. Coronal oblique (A) and sagital oblique (B) T2 FS images demonstrating a moderate-size full-thickness
cuff tear in the supraspinatus tendon (small tear, 1 cm in any dimension; moderate, 1−3 cm; large, 3−5 cm; massive,
>5 cm). The tendon gap is filled with fluid, which makes the tear more obvious (dotted arrows).
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Figure 43.5. Coronal oblique (A and B) and axial (C) and sagital oblique (D) T2 FS images showing an extensive SLAP
(superior labrum anterior to posterior) tear of the superior labrum (arrows), with a large adjacent multiloculated
paralabral cyst extending into the supraspinous fossa. The cyst can subsequently impinge on the supraspinatus nerve,
causing denervation of the supraspinatus and infraspinatus muscles.
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Figure 43.6. Grashey (A) and axial (B) radiographs of the left shoulder taken after an injury sustained skiing show faint sclerosis projecting over
the margins of the greater tuberosity, but no obvious fracture line. Coronal oblique T1 (C) and T2 (D) FS images demonstrating a nondisplaced
fracture of the greater tuberosity demarcated by a vague low signal intensity fracture line (arrows), with extensive associated bone marrow edema.
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Figure 43.7. Normal anatomy of the elbow. The patient can either be imaged with the arm at the side or the arm stretched above the head in the
“superman” position. The arm at the side position is more comfortable, but often leads to poor fat saturation on T2-weighted images because
the limb is not in the center of the magnetic field. The superman position places the joint in the center of the magnet, and therefore has uniform
fat suppression. However, it is uncomfortable to lie with an arm overhead for a long period of time; thus, images with the arm in this position
may be degraded by motion artifact. Coronal images are prescribed in plane with the medial and lateral humeral epicondyles, with the sagital
images perpendicular to this. A−C: Coronal oblique T2 FS images showing the common flexor tendon medially (arrowhead) and common
extensor tendon laterally (open arrow). The medial collateral ligament (MCL) is comprised of three bands, of which the anterior band is the one
best seen on coronal images (small arrows). It is normal for the MCL to appear slightly attenuated proximally as in this example. There are also
three components of the lateral collateral ligament, namely, the radial collateral ligament (RCL), annular ligament, and lateral ulnar collateral
ligament (LUCL). The LUCL acts as a supportive sling for the radial head and provides the primary restraint to varus stress. D: Sagital T1 FS
MR arthrographic image showing the biceps tendon (arrows), which inserts into the bicipital tuberosity of the radius; the brachialis tendon,
which inserts into the coronoid process of the ulna (arrowheads); and the triceps tendons, which insert into the olecranon (dotted arrows).
It is common to see a wavy contour of the triceps tendon when the elbow is hyperextended. E: Axial T1-weighted image showing the biceps
tendon, bicipital aponeurosis (arrows), and brachialis muscle and tendon. The pronator teres (PT) and flexor carpi radialis (FCR) muscles are
seen medially. The brachioradialis (BR) and extensor carpi radialis (ECR) longus and brevis are seen laterally. Posterolaterally is the anconeus
muscle (Anc). Posteromedially is the ulnar nerve surrounded by a cuff of fat. In this patient, there is an overlying accessory Anc, which is seen
in 11% of the normal population.



MRI of the Extremities 595

A

C

B

D

Figure 43.8. Coronal T1 (A) and T2 (B) FS images in a patient with lateral elbow pain. There is moderate lateral epicondylitis (“tennis” elbow),
with high T2 signal within the common extensor tendon laterally (arrow) and surrounding soft tissue edema. The RCL is seen deep to this and
appears irregular proximally, consistent with a partial tear (dotted arrow). C and D: Coronal T1 and T2 FS images slightly more posteriorly show
a complete tear of the LUCL proximally (arrow). The MCL in this example appears intact.
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Figure 43.9. MCL injuries in different patients. Coronal T2 FS images of the elbow. A: Partial tear of the MCL. B: Complete tear of the anterior band
of the MCL proximally in a professional baseball player. C: Coronal FS T1-weighted MR arthrography image following intraarticular gadolinium
shows a small cleft of fluid (arrow) between the insertion of the MCL and ulna, indicating a partial undersurface tear. This type of tear is only seen
if there is a joint effusion or if fluid is injected into the joint as in an MR arthrogram.

A B

Figure 43.10. Sagital (A) and axial (B) T2 FS MR images showing complete avulsion of the distal biceps tendon. The retracted tendon end is seen
surrounded by fluid and hematoma (arrow).
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Figure 43.11A and B. Sagital T2 FS MR images in a patient following elbow
dislocation. There is a high-grade partial tear of the biceps tendon (white
arrows), with a complete tear of the brachialis tendon and joint capsule
(open arrow). Significant edema is seen within the surrounding muscles. C:
Coronal T2 FS shows a complete avulsion of the distal MCL distally (dotted
arrow) and the RCL proximally (black arrow), with associated bone marrow
edema where the ligaments have been avulsed.
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Figure 43.12. A: Lateral radiograph of the elbow showing marked soft tissue swelling over the olecranon (arrows), suggesting olecranon bursitis.
There is no evidence of an elbow joint effusion. B−D: Sagital T1 inversion recovery (IR) and T1 FS following gadolinium demonstrate a thick-
walled olecranon bursal fluid collection (arrows), with synovitis and surrounding inflammatory change. There is an associated tear of the distal
triceps tendon. Low T1 and high T2 signal intensities are seen within the olecranon with enhancement following gadolinium administration. The
appearances are consistent with septic olecranon bursitis with osteomyelitis in the adjacent olecranon.
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Figure 43.13.A: Coronal T2 FS in a patient with cubital tunnel syndrome shows a swollen ulnar nerve, which
adopts a “cobra head” or “green onion” shape (arrows). B−E: Axial T1 and T2 FS images demonstrate a swollen
ulnar nerve behind the medial epicondyle in comparison to normal. The abnormal nerve shows high T2 signal
intensity, with partial effacement of the surrounding fat on T1.
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Figure 43.14. Normal anatomy of the wrist. The wrist can be imaged with the arm at the side, the arm overhead, or with the arm flexed and the
wrist placed over the abdomen. However, in the last position, the arm must be separated from the abdominal wall, or there will be considerable
artifact from respiration. High-resolution images can usually be obtained using a dedicated extremity coil and small field of view. A: Coronal
T2 FS of the wrist showing normal anatomy. S = scaphoid, L = lunate, T = triquetrum, H = hamate, C = capitate, Td = trapezoid. B and
C: Axial T1 images at the level of the distal radioulnar joint and carpal tunnel demonstrating normal anatomy. ECRL = extensor carpi radialis
longus, ECRB = extensor carpi radialis longus brevis, EPL = extensor pollicis longus, ED = extensor digitorum tendons, ECU = extensor
carpi ulnaris, EI = extensor indicis, EDM = extensor digiti minimi, APL = abductor pollicis longus, EPB = extensor pollicis brevis, FCR =
flexor carpi radialis, FPL = flexor pollicis longus, FCU = flexor carpi ulnaris, FDP = flexor digitorum profundus, FDS = flexor digitorum
superficialis. D: Sagital T2 FS image showing normal anatomy of the wrist.
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Figure 43.15. AP (A) and lateral (B) radiographs of the right wrist taken after a fall show no evident bony injury. Coronal T1 (C) and T2 (D) FS
and sagital T2 FS (E) images taken a week after the initial injury demonstrate a transversely oriented low signal intensity line in the distal radius
(arrow), with significant bone marrow edema on T2 FS images. The appearances are consistent with an occult distal radial fracture.
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Figure 43.16. AP (A), oblique (B), and coned (C) radiographs of the left wrist in a college athlete showing no acute bony injury. Coronal T1
(D) and T2 (E) FS images performed 5 days later show bone marrow edema in the scaphoid, with a low T1 signal line across the waist of the
scaphoid proximally, consistent with a radiographically occult scaphoid fracture (arrow). MRI is exquisitely sensitive to bone marrow edema, and
is therefore ideal for detection of occult fractures. The increased T2 signal in the first metacarpal and adjacent subcutaneous tissue is due to poor
fat suppression rather than edema.
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Figure 43.17. A 28-year-old male fell during a game of basketball, sprain-
ing his wrist. Initial radiographs were negative. The injury failed to
improve after 2 weeks; therefore, an MRI was requested. A and B: Coronal
T2 FS images show bone marrow edema within the hamate (H) and distal
pole of the scaphoid (S). There is also a small tear of the scapholunate
ligament (arrow), with fluid in the scapholunate (SL) joint distally. C:
Axial T2 FS image shows a fracture through the hook of the hamate (open
arrow). Occasionally, this can cause damage to the overlying ulnar nerve
in Guyon’s canal or may exert mass effect on the median nerve in the
adjacent carpal tunnel.



604 Stevens

A B

Figure 43.18. Gamekeeper’s thumb. Coronal T1 (A) and T2 (B) FS images showing a tear of the distal ulnar collateral
ligament. The adductor aponeurosis is seen superficial to the torn ligament. If the aponeurosis gets interposed between
the ligament and the bone, this is known as a Stener lesion.

Figure 43.19. Coronal T2 FS image of a gamekeeper’s thumb
with a Stener lesion. The torn ulnar collateral ligament is
retracted proximally, and the adductor aponeurosis is touch-
ing the top of the balled up ligament, resembling a “yo-yo” on a
string. The high T2 signal seen in the head of the first metacarpal
and surrounding soft tissues is due to inhomogeneous fat satu-
ration rather than true bone marrow edema.

Figure 43.20. Coronal T2 FS image showing a tear of the triangular
fibrocartilage (arrow) with an adjacent parameniscal cyst.
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Figure 43.21. Coronal T2 FS (A), sagital T2 FS (B), and axial T1-weighted (C) images in a patient with rheumatoid arthritis and sudden inability
to flex the distal ring finger. The flexor digitorum profundus tendon is ruptured, with the disrupted tendon ends clearly identified (arrows). The
overlying flexor digitorum superficialis tendon appears intact.

A B

Figure 43.22. Coronal (A) and axial (B) T2 FS images showing thickening of the extensor pollicis brevis and abductor pollicis longus tendons
(arrows) with surrounding synovitis and fluid, consistent with de Quervain’s tenosynovitis.
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Figure 43.23. Patient with pain and swelling over dorsum of the wrist, but no bony abnormality on plain radiographs. Sagital
(A) and axial (B) T2 FS images showing marked high T2 signal around the extensor digitorum tendons, corresponding to fluid
and synovial hypertrophy. The appearances are consistent with severe tenosynovitis, and the patient was subsequently shown to
have rheumatoid arthritis, although no erosions were evident.

A B

Figure 43.24. AP (A) and lateral (B) radio-
graphs of a male with HIV, low-grade
fever, and wrist pain. Nonspecific cystic
changes are seen within the distal radius
and carpal bones. Coronal T1 (C) and IR
(D) images showing extensive bone mar-
row edema throughout the carpal bones with
associated synovitis. Patchy foci of edema are
also seen in the distal radius, correspond-
ing to the erosions seen on radiographs.
Synovial biopsy subsequently showed infec-
tion with histoplasmosis, although similar
appearances can also be seen with tubercu-
losis infection. The T1-weighted images are
degraded by motion artifact (Continued).
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Figure 43.24 (Continued).
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Figure 43.25. Normal anatomy of the hip. In MRI examinations of the pelvis or sacroiliac joints, a body coil can be used with a large field of
view. This can be helpful when looking for multifocal pathology, or when the patient presents with vague or nonspecific symptoms that could
be generated by a number of different anatomical structures within the pelvis. Some conditions such as osteonecrosis can occur bilaterally, and
including both hips within the field of view may pick up occult disease on the asymptomatic side. If symptoms are localized to the hip, a surface
coil and smaller field of view allow more detailed anatomical visualization. MR arthrography is commonly performed to look for intraarticular
pathology because the presence of fluid within the joint increases the sensitivity for diagnosis of labral tears or articular cartilage pathology. Gmed
= gluteus medius, Gmin = gluteus minimus, Gmax = gluteus maximus, Obt ext = obturator externus, Obt int = obturator externus, RF
= rectus femoris, TFL = tensor fascia late, Sup gem = superior gemelli, V lat = vastus lateralis, Pir = piriformis, Pect = pectineus, Add =
adductor. A and B: Coronal T1 images through the left hip. C and D: Axial T2 FS images through the left hip (Continued ).
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Figure 43.25 (Continued ). E–G: Sagital T2 FS images through
the left hip.
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Figure 43.26. Coronal T1 (A) and T2 (B) FS images showing a low signal intensity line at the medial aspect of the left
femoral neck (arrow) in a female runner with hip pain and extensive associated bone marrow edema. The appearances
are consistent with an early stress fracture.
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Figure 43.27. (A) AP pelvis in a middle-age female who tripped on a step and has severe left hip pain, but in whom
no acute bony injury is seen. Axial CT (B) and coronal reformatted CT (C) images of the left hip again demonstrate
no bony injury. Axial T1 (D) and T2 (E) FS and coronal T2 FS (F) images show a low T1 signal intensity line traversing
the subcapital portion of the femoral neck (arrow). Bone marrow edema can also be seen crossing the femoral neck.
The appearances are consistent with a nondisplaced femoral neck fracture (Continued ).
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Figure 43.27 (Continued).
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Figure 43.28. Coronal (A) and axial (B) T2 FS images show a tear of the gluteus medius tendon from the greater trochanter. The tendon end is
retracted superiorly (arrows), and there is bone marrow edema (open arrow) in the greater trochanter where the tendon has been avulsed. Greater
trochanteric bursitis is also present (dotted arrow).

A B C

Figure 43.29. Coronal T1 (A) and T2 (B) FS of the pelvis, and sagital T2 FS (C) image of the right hip demonstrate a high-grade tear of the
hamstring tendons from the ischial tuberosity, with a fluid-filled gap between the ischial tuberosity and retracted tendon end (arrow).
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Figure 43.30. Axial (A) and sagital T2 (B) FS in a young male patient who received a hit to his thigh during a game of American football. There is
an extensive tear of the vastus intermedius (VI) muscle, with disruption of muscle fibers and a large fluid collection adjacent to the femoral shaft
(arrows). Feathery edema is seen throughout the VI, with some high T2 signal within the inner fibers of the vastus lateralis and vastus medialis.

A B C

Figure 43.31. Axial (A), coronal (B), and sagital (C) T2 FS images in an athlete with left groin pain. There is a lobulated fluid collection around
the distal iliopsoas tendon (arrows) tracking along the tendon to its insertion into the lesser trochanter (∗). The appearances are consistent with
severe iliopsoas bursitis.
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Figure 43.32. A patient with lymphoma and bilateral hip pain. The patient has been treated with steroids. Coronal T1 (A) and T2 (B) FS images
show bilateral osteonecrosis of the femoral heads. On the left, there is the characteristic double line sign (arrow), with a hypointense peripheral
border surrounding a hyperintense inner margin. The hypointense periphery correlates to the reparative tissue interface with necrotic bone.
Necrotic bone retains the signal of normal bone marrow initially, although there would be no enhancement if gadolinium was given. The right
hip shows more advanced osteonecrosis, with collapse of the femoral head, extensive bone marrow edema in the femoral neck and shaft, and a
large joint effusion.

A B

Figure 43.33. Coronal T1 (A) and T2 (B) FS images in woman in the third trimester of pregnancy with hip pain, showing a pregnant uterus
and symmetric bone marrow edema in the femoral necks bilaterally. The appearances are consistent with transient osteoporosis, which is usually
self-limiting and resolves within 6 to 10 months.
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Figure 43.34. Diagrammatic representation of normal meniscal anatomy, with sagital sections through the medial
and lateral menisci. The medial meniscus shows that the posterior horn is twice as large as the anterior. The posterior
horn of the lateral meniscus is the same size as the anterior horn.

A B

Figure 43.35. Normal anatomy. Sagital T2 FS images through the intercondylar notch. The ACL (arrows) runs just posterior to the
slope of the intercondylar roof. ACL = anterior cruciate ligament, PCL = posterior cruciate ligament.
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Figure 43.36A and B. Normal anatomy. Coronal T1 images
through the knee showing the collateral ligaments. MCL =
medial collateral ligament, LCL = lateral or fibular collateral
ligament, IT band = iliotibial band.
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Figure 43.37. Sagital T2 FS through the lateral knee demonstrat-
ing normal anatomy.
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Figure 43.38A–B. Coronal T2 FS images show a small radial
tear in the posterior horn of the lateral meniscus (arrow)
and truncation of the body of the lateral meniscus (open
arrow). C: On the axial PD FS image, both tears can be
seen.
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Figure 43.39. Sagital PD (A), coronal T1 (B), and axial PD (C) FS images
showing a peripheral vertical tear of the posterior horn and body of the
medial meniscus (arrows).
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Figure 43.40. Sagital T2 FS (A) and axial PD FS (B) images showing fluid-filled gap (arrow) between the posterior horn of the medial meniscus
and the adjacent capsule consistent with a meniscocapsular separation.

A B C

Figure 43.41. A: Bucket handle tear of the lateral meniscus. Sagital PD (B) and coronal T2 (C) FS images show absence of the normal bow-tie
appearance of the lateral meniscus peripherally, with the displaced fragment lying in the intercondylar notch (arrows). The displaced fragment
can resemble a torn ACL.
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Figure 43.42A and B. Sagital T2 FS images show a tear of the midsubstance of the ACL (open arrow). There is a joint effusion with associated
“kissing contusions” on the lateral femoral condyle and posterior lateral tibial plateau (arrows), where the two bones have impacted on each other.

Figure 43.43. Coronal T2 FS showing a high-grade tear of the proximal
MCL (arrow).
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Figure 43.44. AP (A) and lateral (B) radiographs of the right knee in splint following a dislocation sustained in a motor vehicle accident. The
well-corticated ossicle seen posterolaterally is the fabella, a common sesamoid bone that is found in the lateral head of the gastrocnemius tendon.
C and D: Sagital T2 FS images showing proximal avulsion of both the anterior and posterior cruciate ligaments (arrows). Extensive edema is seen
within the posterior soft tissues, and the gastrocnemius muscle has also been avulsed from the femur (open arrow). E and F: Coronal T2 FS images
showing avulsion of the lateral collateral ligament proximally from the lateral femoral condyle (arrow), and the iliotibial band distally from Gerdy’s
tubercle on the lateral tibia (open arrow) (Continued).
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Figure 43.44 (Continued).

A B

C D

Figure 43.45. Axial PD FS (A and B) and sagital (C) and coronal (D) T2 FS images through the knee of a middle-
age woman with calf pain. There is a Baker’s cyst in the popliteal fossa, arising between the tendons of the lateral
gastrocnemius and semimembranosus. The cyst is poorly defined inferiorly and has fluid leaking into the calf,
consistent with an early rupture (arrows).

620
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Figure 43.46. AP (A) and lateral (B) radiographs of the left knee in a patient who was unable to bear weight following a fall. There is a large
joint effusion in the suprapatellar bursa (arrows), but acute bony injury is evident. Coronal T1 (C) and T2 (D) FS images show a comminuted
nondisplaced fracture of the lateral tibial plateau, with extensive associated bone marrow edema.
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Figure 43.47. Sagital PD (A) and T2 (B) FS images demonstrate a complete tear of the distal quadriceps tendon, with
superior retraction of the tendon fibers from the patella.

A B C

Figure 43.48. Injury to the right knee during a soccer game, with negative radiographs. Sagital T2 FS (A and B) and
axial PD FS (C) images show bony “kissing contusions” of the medial pole of the patella and outer aspect of the
lateral femoral condyle, characteristic of a recent lateral patellar dislocation. There is a joint effusion with layering
hematoma (arrow) and prominent prepatellar fluid.

A B C

Figure 43.49. Sagital T2 FS (A), coronal T2 FS (B), and axial gradient echo (C) images of a young squash player who
felt a sudden pop and developed acute calf pain while running for the ball. There is a large hematoma between the
soleus and gastrocnemius (GcN) muscles in the proximal calf. This is characteristic of a tear of the plantaris tendon.
The plantaris tendon lies anterior to the lateral head of the gastrocnemius at the level of the knee joint and passes
obliquely from lateral to medial in the calf, to lie medial to the Achilles tendon distally.



MRI of the Extremities 623

A B

C D

Figure 43.50. AP (A) and lateral (B) radiographs of the knee in a 24-year-old male patient with pain in the knee following a minor
fall 2 weeks ago. On the frontal radiograph, there is some minor periosteal reaction along the medial aspect of the proximal tibia
(arrow), and there is a suggestion of overlying soft tissue swelling. Sagital T1(C) and STIR (D) images of the right knee show a large
destructive lesion in the metadiaphyseal region of the proximal tibia (arrows). The mass is of low T1 and heterogeneous high T2
signal intensity, and there is a large associated soft tissue mass. The imaging features, location of the lesion, and age of the patient
are consistent with an osteosarcoma. A small joint effusion is seen within the knee, likely due to tumor involvement (Continued).
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Figure 43.50 (Continued). Axial T1 (E) and STIR (F) images again demonstrate extensive tumor within the proximal
tibia, with a large associated soft tissue mass (arrows). Patients with osseous tumors can present to the ED with fairly
nonspecific symptoms or may attribute their symptoms to a recent traumatic event. The findings can be extremely
subtle on initial radiographic examinations, particularly if symptoms are poorly localized. MRI is very sensitive for
tumor infiltration of bone marrow and extent of soft tissue involvement, and is used to both diagnose and stage
disease.
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Figure 43.51. Normal anatomy of the ankle. A: Axial
T1 image through the ankle at the level of the inferior
tibiofibular syndesmosis. TA = tibialis anterior, EHL
= extensor hallucis longus, EDL = extensor digitorum
longus, TP = tibialis posterior, FDL = flexor digitorum
longus, FHL = flexor hallucis longus, PB = peroneus
brevis, PL = peroneus longus tendons. B: Axial T1 image
at a slightly lower section through the talus. C: Axial T1
image at a lower section through the calcaneus (Calc).
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Figure 43.52. A: Coronal T1-weighted image through the posterior ankle joint. B: Coronal T1-weighted image through the midportion of the
ankle joint.

Figure 43.53. Sagital PD image of the ankle showing normal anatomy.
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Figure 43.54. Axial (A) and coronal (B) T2 FS images of the ankle after a twisting inversion injury. There
is fluid in the anterolateral gutter and nonvisualization of the anterior talofibular ligament, consistent
with a complete tear (arrow). There is also a partial tear of the deltoid ligament (arrow) on coronal images.
Bone marrow edema is seen within the medial and lateral malleoli and the talus (open arrows).
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Figure 43.55. A: Lateral radiograph of an elderly female patient who tripped on the pavement.
An ill-defined bony fragment is seen superior to the calcaneus (open arrow). Large calcaneal heel
spurs are seen at the Achilles tendon and plantar fascial insertion sites (arrows). Sagital T1 (B) and
T2 (C) FS images show that the Achilles tendon is avulsed, together with a small fragment of the
calcaneus. A small amount of bone marrow edema is seen in the calcaneal enthesophyte where the
thin sleeve of bone has been avulsed (dotted arrow).
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A

C

B

Figure 43.56. Sagital (A), coronal (B), and axial (C)
T2 FS images show severe tenosynovitis of the per-
oneal tendons. There is marked fluid within the ten-
don sheath, with prominent synovitis and fibrous
septations.

Figure 43.57. Sagital T2 FS image of a runner with chronic arch
pain. The plantar fascia is surrounded by high T2 signal, with
bone marrow edema in the calcaneus adjacent to the plantar
fascia insertion. These findings are consistent with severe plantar
fasciitis.
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B
C

D

A

E

Figure 43.58. A: Oblique radiograph of the foot of a
basketball player with pain in his fourth metatarsal.
No abnormality can be seen. An MRI was there-
fore requested. Axial T1 (B), sagital T2 FS (C), and
coronal T2 FS (D) images show severe edema in
the fourth metatarsal shaft, with a low signal inten-
sity line centrally, consistent with a stress fracture
(arrow). Extensive edema is also seen within the sur-
rounding soft tissues. E: Follow-up radiographs 3
weeks later now clearly show the stress fracture with
surrounding callus formation.
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A

B C

D

Figure 43.59. A: Lateral radiograph of the left foot in an 81-year-old man
with a small ulcer over the posterior calcaneus. The bones are osteopenic,
and there is a pes planus deformity (flat foot), with prominent degenerative
change of the midfoot. No obvious bony destruction is seen adjacent to
the ulcer, although there is some irregularity of the posterior superior
calcaneus. Sagital T1 (B), T2 FS (C), and T1 FS (D) postgadolinium images
of the foot demonstrate a large soft tissue defect over the posterior heel.
There is underlying cortical irregularity of the calcaneus (open arrow),
with associated high T2 signal within the calcaneus, and enhancement
following gadolinium. The appearances are consistent with osteomyelitis.
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A B

Figure 43.60. A: A male patient presented with a red swollen toe. AP (A) and AP oblique (B) radiographs show soft tissue swelling
and patchy lucency in the distal phalanx of the big toe (Continued).
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C D

E F G

Figure 43.60 (Continued). Coronal T1 (C) and T2 (D) FS images show that there is extensive osteomyelitis in the big toe. The normal fatty marrow
in the distal phalanx of the big toe has been replaced, and the cortex is very poorly defined on the T1-weighted images. Bone marrow edema is also
seen in the proximal phalanx, and there is extensive edema in the surrounding soft tissues. Sagital T1 (E), T2 FS (F), and T1 FS (G) postgadolinium
images show destructive change of the distal phalanx consistent with osteomyelitis. However, there is also edema and enhancement of the proximal
phalanx, suggesting spread of infection.
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AAA. See abdominal aortic aneurysm
abdomen, MRI of,

for AAA, 574–575
for acute appendicitis, 570
for acute cholangitis, 568
for acute pancreatitis, 570
for aortic dissection, 575
for ascites, 581
for cholecystitis, 568
for choledocholithiasis, 580
for cholelithiasis, 579
clinical images for, 571–584
clinical indications for, 568

under ACR guidelines, 569
for cysts

hepatic, 582
pancreatic, 583
renal, 575

diagnostic capabilities of, 568–570
for hepatocellular carcinoma, 582
for hydrenephrosis, 578
imaging limitations for, 570
for metastatic liver disease, 583
for renal artery stenosis, 577
for renal cell carcinoma, 576
for splenic infarct, 581
for splenomegaly, 580

abdomen-pelvis angiography, with CT,
489–496

for AAA, 491–493
for aorto-iliac system, 489
clinical images of, 490–496
contrast allergy in, 489–490
diagnostic capabilities of, 489
dye infiltration and, 490
imaging limitations of, 489–490
indications for, 489
for mesenteric vessels, 489, 494–495
for pneumatosis coli, 496
pregnancy risks with, 490
radiation exposure with, 490

renal dysfunction from, 490
for renal vasculature, 489
for splenic arteries, 493–494, 495–496
for venous thromboembolism, 489

abdomen-pelvis, CT for, 473–474
with angiography, 489–496

for AAA, 491–493
for aorto-iliac system, 489
clinical images of, 490–496
contrast allergy in, 489–490
diagnostic capabilities of, 489
dye infiltration and, 490
imaging limitations of, 489–490
indications for, 489
for mesenteric vessels, 489, 494–495
for pneumatosis coli, 496
pregnancy risks with, 490
radiation exposure with, 490
renal dysfunction from, 490
for renal vasculature, 489
for splenic arteries, 493–494, 495–496
for venous thromboembolism, 489

clinical images of, 474–475
of acute cholecystitis, 477–478
of appendicitis, 477
of diverticulitis, 476
of fractures, 481
of gastrointestinal obstructions, 475,

476
of gastrointestinal perforations, 475,

476
of hepatic abscess, 477
of hernias, 479, 480
of hiatal hernia, 479
of liver, 477
of mesenteric injury, 476
of ovaries, 480
in pancreas, 478–479
of pancreatitis, 478
of pseudocysts, in pancreas, 478
of renal injury, 479

of splenic laceration, 478
of ureterolithiasis, 479

diagnostic capabilities for, 473–474
imaging limitations for, 474
indications for, 473

abdomen-pelvis, ultrasound for, 313–324.
See also abdomen, plain
radiography for; abdominal aorta,
ultrasound for

for cysts
nabothian, 320
ovarian, 322

diagnostic capabilities for, 313
of EMS, 314
of EUG, 317–320

EMS and, 319
of FF, 323

in pouch of Douglas, 323
in uterovesicular pouch, 323

for fibroids, 321
submucosal, 321

imaging limitations for, 313
for endovaginal imaging, 313
for transabdominal imaging, 313

indications for, 313
of IUP, 316

abnormal, 317
of molar pregnancy, 324
of ovaries, 314, 315

cysts in, 322
of uterus, 314–315

incarcerated, 324
of vaginal stripe, 314

abdomen, plain radiography for, 90. See also
abdomen-pelvis, ultrasound for;
abdominal aorta, ultrasound for;
pediatric abdomen, plain
radiography for

for abnormal fluid collections, 67
for appendicitis, 72
for bladder stones, 86
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abdomen, (Continued)
for bowel obstructions, 66

in large intestines, 75–76
Ogilvie’s syndrome as, 78
in small intestines, 71

for cecal volvulus, 73
for Chilaiditi loops, 79
diagnostic capabilities of, 65–66

findings and, 66, 67
with normal film, 65–66

for elderly, 181, 193
for feeding tube placement, 193
for hiatal hernias, 193

for feeding tube replacement, 90
for free air, 69

retroperitoneal, 80
for gastrointestinal tract pathology, 67
for ileus, 66, 70
imaging limitations for, 67
indications for, 65
for pancreatic calcifications, 87
pediatric, 153–175
for perforated viscus, 66
for pneumatosis intestinalis, 79
for porcelain gallbladder, 88
for renal stones, 82
for retroperitoneal inflammation/injury,

67
for sigmoid volvulus, 74
for solid organs, 66–67
for staghorn calculi, 83
for toxic megacolon, 77
for ureteral stones, 67, 84–85
for uterine fibroid calcifications, 81
for vascular calcifications, 89

abdomen, ultrasound for, 337–345. See also
appendicitis, acute; pancreatitis;
pyloric stenosis

for acute appendicitis, 337
clinical images of, 338–339

diagnostic capabilities of, 337–338
fluid status in, 382
for hernias, 338

clinical images of, 342
femoral, 338
incisional, 338
inguinal, 338
spigelian, 338
ventral wall, 338

imaging limitations for, 338–345
indications for, 337
for intussusception, 337–338

clinical images of, 341
for pancreas, 338

clinical images of, 343–344
for pyloric stenosis, 337

clinical images of, 340
for small bowel obstruction, 342
for spleen, 338

clinical images of, 345
abdominal aorta, ultrasound for, 280

for AAA, 280, 281, 284
with CDI, 284, 285

diagnostic capabilities of, 280

dissection of, 285
with CDI, 285

of enlarged iliac arteries, 281
imaging limitations of, 280
indications for, 280
normal view of, 280–281
for saccular aneurysm, 284
for thrombus, in inferior vena cava, 285

abdominal aortic aneurysm (AAA), 280,
281, 284

under angiography, with CT, 491–493
with CDI, 284, 285
under MRI, 574–575
resuscitation ultrasound for, 389–390

abscesses
biliary ultrasound for, 218
of brain, under MRI, 532–533
DVT and, 253
epidural, 549
hepatic, 477
peritonsillar, 360–361

diagnostic capabilities of, 360–361
imaging for, 361, 362, 363, 364–365
indications for, 360

AC. See acromio-clavicular separation;
acromio-clavicular view

ACA. See American Cardiology Association
Achilles tendon, MRI for, 626
acoustic enhancement, 214
acoustic shadowing, 214
ACR. See American Academy of Radiology
acromio-clavicular (AC) separation, 4
acromio-clavicular (AC) view, of shoulder, 4
AC separation. See acromio-clavicular

separation
acute appendicitis. See appendicitis, acute
acute cholangitis. See cholangitis, acute
acute cholecystitis. See cholecystitis, acute
acute pancreatitis. See pancreatitis
acute trauma. See trauma, acute
AC view. See acromio-clavicular view
ADC. See analog-to-digital conversion
adenomyomatosis, 231
Agency for Health Care Research and

Quality, 290
aging. See elderly, plain radiography in
AHA. See American Heart Association
ALARA. See “As Low as Reasonably

Achievable”
American Academy of Radiology (ACR),

560
abdomen MRI guidelines under, 569

American Cardiology Association (ACA),
561

American College of Obstetrics and
Gynecology, 402

American Heart Association (AHA), 498
cMRI guidelines for, 561

American Stroke Association, 498
analog-to-digital conversion (ADC), 519
angiography. See also digital subtraction

angiography; magnetic resonance
angiography

MRI with, 497, 506

angiography, with CT, 482–485. See also
abdomen-pelvis angiography,
with CT; head and neck
angiography, with CT

for abdomen-pelvis, 489–496
for AAA, 491–493
for aorto-iliac system, 489
clinical images of, 490–496
contrast allergy in, 489–490
diagnostic capabilities of, 489
dye infiltration and, 490
imaging limitations of, 489–490
indications for, 489
for mesenteric vessels, 489, 494–495
for pneumatosis coli, 496
pregnancy risks with, 490
radiation exposure with, 490
renal dysfunction from, 490
for renal vasculature, 489
for splenic arteries, 493–494, 495–496
for venous thromboembolism, 489

for aortic dissection, 482, 484
catheter angiography v., 497
clinical images of, 483–485
for coronary disease, 482
diagnostic capabilities of, 482
for extremities

diagnostic capabilities of, 506
imaging limitations of, 506
indications for, 506
MRA v., 506

of extremities, 506
clinical images of, 507–509, 510, 511,

513
for head and neck, 497–500

for cerebrovascular injury, 501, 502
for cervicocranial vascular disease, 501
contrast materials in, 503
diagnostic capabilities of, 499–500
imaging limitations of, 500
indications for, 498–499
for thrombolytic therapy, 503

imaging limitations of, 482
indications for, 482
MRA v., 497
for pneumothorax, 485
for pulmonary embolism, 482, 485

angular momentum, 517
ankles

MRI for, 624–629
for Achilles tendon, 626
for inversion injuries, 626
for tenosynovitis, 627
for ulcers, 629

plain radiography of, 31–33
dislocation of, 35
fractures, 31, 32, 33
twisting injuries in, 32

anterior-posterior (AP) view
of cervical spine, 94
of elbow/forearm, 7
of shoulder, 4

anterior subluxation (AS), 99
with perched facets, 100, 101
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aorta, CXR for, 131, 143–146. See also
abdominal aorta, ultrasound for

dissection of, 143
esophageal coin in, 144
tracheal deviation in, 145
vascular rings in, 144–145

aortic dissection
angiography of, with CT, 482, 484
cMRI for, 561–562, 564
CXR for, 143
with MRI, in abdomen, 575

apical oblique view, of shoulder, 4
appendicitis, acute, 72

under abdomen-pelvis CT, 477
abdominal ultrasound for, 337

clinical images of, 338–339
indications for, 160

appendicoliths as, 160, 163
gas distribution as, 164

MRI for, 570
pediatric abdomen radiography for,

160–164
resuscitation ultrasound for, 391
“ring of fire” in, 339

appendicoliths, 160, 163
appendix, 338

inflamed, 339
AP view. See anterior-posterior view
array transducers, 212–213, 216

phased, 213
arthritis. See osteoarthritis; rheumatoid

arthritis; septic arthritis of the hip
arthrocentesis, 354

in elbow,
AS. See anterior subluxation
asbestosis, 194
ascites, 581
“As Low as Reasonably Achievable”

(ALARA), 217
atelectasis, 132, 195
atherosclerosis, ischemic stroke from, 498
atlantodens interval, 95

increase in, 98
attenuation, 213–214
avascular necrosis, 15, 19
axillary view, of shoulder, 4

Baker’s Cyst, 252
in knee, 620

Bankart fractures, 4, 6
barium studies

for mediastinum, with CXR, 150
for midgut volvulus, 158

bedside ultrasound, 207
applications of, 203
archiving for, 205, 206

for images, 206
billing for, 205–206, 207
equipment care for, 206
machines for, 203–204

controls for, 204
costs for, 203–204
Doppler applications in, 205,

211–212

options for, 204–205
size of, 204

policy of use for, 205
privileging for, 205, 206
quality improvement for, 206
result reporting for, 205
technicians for, 204
training guidelines for, 205

CME in, 206–207
troubleshooting for difficulties with,

207
use demographics for, 203

berry aneurysm, 530
bile ducts

gallstones and, 235
structure of, 231, 235

CHD in, 231
biliary ultrasound, 218–235

for abscesses, 218
ALARA for, 217
of bile ducts, 231–235

gallstones and, 235
structure of, 231, 235

biologic effects of, 217
of cholecystitis, 214, 216
cholescintigraphy and, 218
data analysis for, 211
diagnostic capabilities of, 218
Doppler applications of, 205, 211–212

CDI, 205, 211, 212
Power Flow, 205, 211–212
SDI, 212

FAST with, 217
for foreign body wounds, 3
frequency in, 210
of gallbladder, 214, 215, 216, 219–231

for adenomyomatosis, 231
for carcinoma, 230
for cholecystitis, 225–227, 228
for porcelain gallbladder, 230

imaging limitations of, 218–219
indications for, 218
of intrauterine pregnancy, 215
of median nerve block, 216
MI in, 211
M-mode, 212
physics of, 217

principles of, 209
for soft tissue pathology, 3
system controls for, 209–212

acoustic power, 211
depth, 211
distance measurement, 211
gain, 210
resolution, 210–211
TGC, 209–210
zoom function as, 211

TI in, 211
transducer selection in, 212–213

array, 212–213, 216
mechanical, 212

of urinary bladder, 215, 217
bladder. See urinary bladder, ultrasound for
bladder stones, 86

Bloch, Felix, 518
bone cell tumors, 22
bone marrow, MRI for

abnormalities, 539
edema and, 586

bones. See also musculoskeletal system
chest CT for, 468–470

for fractures, 468–470
MRI for, osteocrosis in, 612
ultrasound for, 349

for other long bones, 351–353
for small bones, 353

bowel distention, 169. See also gas
distribution

bowel obstruction, CT for, 476
bowel obstruction, plain radiography for,

66
gas distribution in, 155–157
ileus v., 153–155
intussusception and, 165–166
in large intestines, 75–76
by malrotation, 158–160

testing for, 159–160
in midgut volvulus, 157–160

definition of, 157
in infants, 158

Ogilvie’s syndrome as, 78
pediatric, 153–157
in small intestines, 71

bowel obstruction, ultrasound for
with resuscitation, 391
for small bowels, 342

Boxer’s fracture, 9, 13
brain, MRI of, 521–522

clinical images of, 522–536
of berry aneurysm, 530
of brain abscesses, 532–533
of cerebral infarct, 528, 529
of dural sinus thrombosis,

530–531
of encephalitis, 532
of foreign bodies, 536
of frontoparietal lobe metastasis,

536
of masses, 535
of meningiomas, 535
of multiple sclerosis, 534
of neurocystericosis, 533
of neurosarcoidosis, 534
of retinal hemorrhage, 536
of SAH, 529
of stroke distribution, 528
of subdural hematomas, 530
of thalamus infarct, 528–529

diagnostic capabilities of, 522
imaging limitations of, 522
indications for, 522

British National Institute for Clinical
Excellence, 290

bucket-handle fractures, 177
of humerus, 177

buckle fractures, 120
bursitis, 6
burst fractures, 101
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calcaneal fractures, 36
CA-MRSA. See community acquired

methicillin resistant Staphylococcus
aureus

Canadian C-spine Rule (CCR), 92
cancers. See carcinomas, ultrasound for;

colon cancer; gastric cancer;
hepatocellular carcinoma;
neoplasms, in liver; pancreatic
cancer; prostate cancer; renal cell
carcinoma; uterine cancer

carcinomas, ultrasound for
in gallbladder, 230
in kidneys, 269, 276
in urinary bladder, 277

cardiac magnetic resonance imaging
(cMRI), 560–562, 563–566

ACA/AHA guidelines for, 561
ACR guidelines for, 560
advantages of, 560–561
for aortic dissection, 561–562, 564
for cardiomyopathy, 566
clinical images of, 563–566
for coarctation, 565
DE-cMRI and, 562
diagnostic capabilities of, 561, 562

with PIOPED II, 562
imaging limitations for, 562

contrast agents and, 562
pacemakers and, 562

indications for, 560–561
pregnancy risks and, 560
for pulmonary embolism,

560, 566
for myocardial infarction, 565
NFD and, 562

cardiac ultrasound, emergency, 254–256
apical views in, 258, 260, 261, 263
CDI in, 262, 265
consultant v. physician performed,

254–255
diagnostic capabilities of, 254–255
echo in, 254
effusion in, 255
experience recommendations for use of,

255
global LVF in, 255

EF in, 255
imaging modalities for, 255–256

indicators for, 255–256
limitations of, 256
probe selection and, 256
scanner orientation and, 255
velocity in, 262
view angles and, 256, 257–258

indications for, 254
parasternal axis views in, 257–258, 259,

260, 261, 262–265
of aortic valve, 257–258
for elderly, 265
of mitral valve, 258
of papillary muscles, 258

for PE, 254
right ventricular strain in, 255

subxiphoid view in, 259, 260, 261, 262
TTE v. TEE, 255

cardiogenic hypotension, etiologies for,
367–368

cardiomediastinum, CXR for, 46
wide silhouette for, 57

cardiomegaly, 52, 141–142
cardiomyopathy, 374–375

cMRI, 566
dilated, 376
fluid status with, 381

cardiothoracic disease, etiologies for
for cardiomyopathy, 374–375, 376

fluid status with, 381
for hypervolemia, 379
for myocardial infarction, 376
for PE, 375
for pneumonia, 377
for pulmonary embolism, 378

cardiothoracicdisease,etiologiesof,368–369
for abdominal diseases, 368
for cardiogenic hypotension, 367–368
for dyspnea, 369
for pericardial effusion, 372–373, 374

carpal tunnel disease, 9
catheter angiography, 497
CCR. See Canadian C-spine Rule (CCR)
CDI. See Color Doppler Imaging
cecal volvulus, 73
cellulitis, 252
central venous catheters (CVC), in

ultrasound, 290–293
anatomic considerations for, 290
background of, 290
clinical images of, 291–292, 293

of neck anatomy, 291
of provider techniques, 292

procedures of, 290
pitfalls with, 291

cerebral contusion, 432
cerebrospinal fluid (CSF), 299
cervical hyperostosis, 183
cervical spine. See also cervical spine

injuries; cervical spine, plain
radiography of

AP view of, 94
atlantoaxial subluxation in, 96
atlantodens interval in, 95

increase in, 98
extension/flexion view of, 96
for gunshot wounds, 103
ligamentous anatomy of, 93

of cervicocranium, 94
lines of lordosis in, 94
under MRI, 540
for non-traumatic conditions, 104
occipitoatlantal articulation in, 95
odontoid view of, 96
prevertebral soft tissue in, 97
Swimmer’s view of, 97

cervical spine injuries
AS as, 99, 100, 101
clinically insignificant, 92
dislocations, 100

fractures, 101–102
burst, 101
Clay Shoveler’s, 102
comminuted compression, 102
Hangman’s fracture, 99
isolated, 98
odontoid, 98

pediatric, 93
SCIWORA and, 93

cervical spine, plain radiography of, 91–93
CT v., 404
diagnostic applications of, demographic

data for, 91–92, 93
limitations of, 93

for fractures, 98, 99, 101–102
indications for, 92–93

with CCR, 92
with NLC, 92

pediatrics and, 93
SCIWORA and, 93

cervical vertical body destruction, 183
cervicocranial vascular disease, 501
CFV. See common femoral vein
CHD. See common hepatic duct
chest, CT of, 457–470

for bone, 468–470
for fractures, 468–470

diagnostic capabilities of, 457
imaging limitations of, 457–458
indications for, 457
for lung parenchyma, 459–461

contusions in, 459
lacerations in, 460
for pneumonia, 461

for mediastinum, 464–467
for aortic tear, 465
for diaphragmatic ruptures, 467
for esophageal ruptures, 466
for pericardial effusion, 465
for pneumomediastinum, 464
for tracheobronchial injuries, 466

for pleural space, 461–463
empyema in, 463
exudates/transudates in, 463
hemothorax in, 462
pneumothorax in, 461, 462

chest radiography (CXR), with plain film,
45–62, 152. See also lungs, CXR for

of aorta, 131, 143–146
dissection of, 143
esophageal coin in, 144
tracheal deviation in, 145
vascular rings in, 144–145

for bones, 131, 151–152
for discitis, 151
with osteogenesis imperfecta, 151

for cardiomegaly, 52
clinical imaging for, 131–152

for airway, 46
for bones, 46
for cardiomediastinum, 46, 57
for diaphragm, 46

for COPD, 51
diagnostic capabilities of, 45, 130
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for elderly, 181, 194–196, 231
for aortic aneurysm, 194
for asbestosis, 194
for atelectasis, 195
for pulmonary nodules, 196

for focal pneumonia, 49
for fractures

of ribs, 61
scapular, 61

for free air, 59
for heart, 131, 141

for cardiomegaly, 141–142
for infants, 142
for Kawasaki disease, 142
for tension pneumothorax, 143

imaging limitations of, 45, 130
indications for, 45, 130
for infants, 48, 138–141

for diaphragmatic hernias, 140
for heart, 142
mediastinum in, 144–149
for PIE, 140
for RDS, 138, 139
for tuberculosis, 135

intubation and, 57
for lungs, 46, 131–136

edema in, 52, 134
for foreign bodies in, 136–137
PE in, 62, 63
pulmonary contusion in, 60

for masses/nodules, 58
for mediastinum, 131, 146–150

with barium study, 150
cardiomediastinum, 46, 57
for diGeorge syndrome, 148
in infants, 144–149
pneumomediastinum, 60, 146–147

normal views of, 48
anteroposterior, 48
apical, 48
in supine patients, 47

for PCP, 59
for pediatric infiltrates, 50
for pleural effusion/hemothorax, 55–56
for pneumomediastinum, 60
of pneumothorax, 53
for subcutaneous emphysema, 60
for tuberculosis, 54

Chilaiditi loops, 79
child abuse, plain radiography for, 176–179

diagnostic capabilities for, 176
for fractures, 177–179

bucket-handle, 177
metaphyseal, 177
rib, 178
skull, 178–179
toddler’s, 179

indications for, 176
for subdural hematomas, 179

children. See also cervical spine injuries,
pediatric; infants, CXR for; pediatric
extremities, plain radiography for;
pediatric infiltrates

bronchial foreign bodies and, 136–137

choking. See foreign bodies, ultrasound for
cholangitis, acute, MRI for, 568
cholecystitis, acute, 225–227, 228

under abdomen-pelvis CT, 477–478
emphysematous, 229
MRI for, 568
pericholecystic fluid and, 226
resuscitation ultrasound for, 391–392
ultrasound of, 214, 216

choledocholithiasis, MRI for, 580
cholelithiasis MRI of, 579
cholescintigraphy, 218
chondrocalcinosis of the knee, 199
chronic obstructive pulmonary disease

(COPD), 51
clavicle fractures, 4

clinical images of, 352, 354, 468
clavicles, fractures of, 352
Clay Shoveler’s fracture, 102, 408
CME. See continuing medical education, for

ultrasound
cMRI. See cardiac magnetic resonance

imaging
coarctation, 565
Colles fractures

AP, 9, 10
lateral, 9, 10

colon cancer, 192
Color Doppler Imaging (CDI), 205, 211, 212

for AAA, 284, 285
for aortic dissection, 285
in cardiac ultrasound, 262, 265
with testicular ultrasound, 330, 332
in Triplex ultrasound, 330

common femoral vein (CFV), 247
common hepatic duct (CHD), 231
community acquired methicillin resistant

Staphylococcus aureus (CA-MRSA),
358

compression fractures
in cervical spine injuries, 102
in elderly, 182, 186
in thoracolumbar spine, 108, 110

computed tomography (CT). See also
abdomen-pelvis, CT for;
angiography, with CT; chest, CT of;
extremities angiography, with CT;
face, CT imaging of; head and neck
angiography, with CT; head, CT for;
radiographic contrast induced
nephropathy; spinal trauma, CT for

of abdomen-pelvis, 473–474
clinical images of, 474–475, 476,

477–479, 480, 481
diagnostic capabilities for, 473–474
imaging limitations for, 474
indications for, 473

with abdominal-pelvic angiography,
489–496

for aorto-iliac system, 489
clinical images of, 490–496
contrast allergy in, 489–490
diagnostic capabilities of, 489
dye infiltration and, 490

imaging limitations of, 489–490
indications for, 489
for mesenteric vessels, 489, 494–495
or AAA, 491–493
for pneumatosis coli, 496
pregnancy risks with, 490
radiation exposure with, 490
renal dysfunction from, 490
for renal vasculature, 489
for splenic arteries, 493–494, 495–496
for venous thromboembolism, 489

of chest, 457–470
for bone, 468–470
diagnostic capabilities of, 457
imaging limitations of, 457–458
indications for, 457
for lung parenchyma, 459–461
for mediastinum, 464–467
for pleural space, 461–463

with extremities angiography, 506
clinical images of, 507–509, 510, 511,

513
diagnostic capabilities of, 506
imaging limitations of, 506
indications for, 506
MRA v., 506

of face, 438–441
anatomy analysis in, 439
for Le Fort fractures, 440–441
for mandible, fractures to, 441
for maxilla, fractures to, 440–441
methods of, 438
for orbital blow-out fractures,

439–440
screening for, 438
for zygoma, fractures of, 440

for foreign body wounds, 3
for head, 420–436

for cerebral contusion, 432
clinical images of, 429–431, 432
diagnostic capabilities of, 420–422
for gunshot wounds, 432
for hemorrhaging, 432, 433–434
for herniation, 434
imaging limitations for, 422
indications for, 420, 421
for ischemic stroke, 422, 435
for lesions, 436
principles of, 422–424
for skull fractures, 420

with head and neck angiography, 497–500
for cerebrovascular injury, 501, 502
for cervicocranial vascular disease, 501
contrast materials in, 503
diagnostic capabilities of, 499–500
imaging limitations of, 500
indications for, 498–499
for thrombolytic therapy, 503

HRCT, 457
MDCT, 457, 473, 474, 497
during pregnancy, 402

fetal radiation exposure, 402
radiation dosing levels in, 402
RCIN from, 399–402
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computed tomography (Continued)
allergic/anaphylactoid reactions as part

of, 400–402
contrast osmolality and, 400
creatine clearance measurements in, 399
pre-treatment guidelines for, 401
prevention of, 400–402
risk factors for, 399, 400

for soft tissue pathology, 3
for spinal trauma, 404–406

cervical, 93
clinical images of, 406–408, 409, 415,

416, 417, 419
diagnostic capabilities of, 405
disadvantages of, 405–406
indications for, 404–405
MRI v., 404–405
pain as symptom of, 404, 412, 418
plain radiography v., 404

with thoracic angiography, 482–485
for aortic dissection, 482, 484
clinical images of, 483–485
for coronary disease, 482
diagnostic capabilities of, 482
imaging limitations of, 482
indications for, 482
for pneumothorax, 485
for pulmonary embolism, 482, 485

continuing medical education (CME), for
ultrasound, 206–207

COPD. See chronic obstructive pulmonary
disease

coronary disease, 482
CSF. See cerebrospinal fluid
CT. See computed tomography
CTA. See angiography, with CT
CVC. See central venous catheters, in

ultrasound
CXR. See chest radiography, with plain film
cysts/masses

in brain, under MRI, 535
hepatic, 582
nabothian, 320
pancreatic, 583
pseudocysts, in pancreas, 344
renal, 269, 275, 575
synovial, 548

Dancer’s fracture, 37
DE-cMRI. See delayed enhancement cardiac

magnetic resonance imaging
deep venous thrombosis (DVT), ultrasound

for, 247
abscesses and, 253
Baker’s Cyst and, 252
cellulitis and, 252
development of, 246
diagnostic capabilities of, 246–247
femoral vessels under, 249

CFV, 247
chronic condition of, 252
SFV, 247

imaging limitations with, 247
indications for, 246

probe placement for, 248
proximal, 251
PV and, 247, 250, 251
risk factors for, 246
SDI in, 250–251
techniques for, 247

degenerative joint disease (DJD), 181, 187,
189

of knee, 200
delayed enhancement cardiac magnetic

resonance imaging (DE-cMRI), 562
dens fractures, 184, 408
diabetes mellitus, 400
diffuse idiopathic skeletal hyperostosis

(DISH), 181, 185
diGeorge syndrome, 148
digital subtraction angiography (DSA), 497
disc extrusions, 546, 548
discitis, 151
DISH. See diffuse idiopathic skeletal

hyperostosis
dislocations

cervical spine injuries from, 100
in elbow/forearm

common, 7
Monteggia fractures as, 7, 8
MRI for, 597

in hand/wrist injuries
interphalangeal dislocation, 3
lunate, 9, 11–12
perilunate, 9, 12

of hip/pelvis, 113
of knees, 619
in lower extremities

of ankles, 35
of knee, 24

in shoulder
anterior, 4, 5
luxatio erectae, 4, 5
MRI for, 590, 591
posterior, 4, 5

distal radius, 244
diverticulitis, 476
DJD. See degenerative joint disease
Doppler applications, in ultrasound, 205,

211–212
CDI, 205, 211, 212
PowerFlow, 205, 211–212
SDI, 212

DSA. See digital subtraction angiography
dural sinus thrombosis, 530–531
DVT. See deep venous thrombosis,

ultrasound for
dyspnea, etiologies for, 369

echo, 254
echocardiography. See cardiac ultrasound,

emergency
ectopic pregnancy, 382
edema

in bone marrow, 586
in lungs, 52, 134
peritonsillar, 362
in wrist, 601–602

EF. See ejection fraction
effusion, in cardiac ultrasound, 255
ejection fraction (EF), 255
elbow/forearm

arthrocentesis in,
effusions in, 355–356

clinical images of, 356
MRI for, 594–599

for dislocations, 597
for tears, 595–596

elbow/forearm, plain radiography for, 6–8
AP view of, 7
diagnostic capabilities of, 7
dislocations in

common, 7
with epicondylar fracture, 125
Monteggia fractures as, 7, 8

fractures in, 120, 125
Galeazzi fractures in, 7, 8
for “golfer’s elbow,” 6
imaging limitations for, 7
indications for, 6
lateral view of, 7
posterior fat pad in, 7
radial head fractures in, 7
supplementary views of, 7
for “tennis elbow,” 6

elderly, plain radiography in, 200
for abdominal imaging, 181, 193

for feeding tube placement, 193
for hiatal hernias, 193

with cardiac ultrasound, 265
for CXR, 181, 194–196, 231

for aortic aneurysm, 194
for asbestosis, 194
for atelectasis, 195
for pulmonary nodules, 196

diagnostic capabilities for, 180
for extremity imaging, 181, 197–200

for chondrocalcinosis of the knee,
199

for DJD, 200
for fractures, 197
for osteoarthritis, 197–198

imaging limitations for, 181
indications for, 180
for pelvic imaging, 181, 191–192

for bone metastases, 192
for colon cancer, 192
for Paget disease, 191

for rheumatologic conditions, 181, 197–200
for spine imaging, 180–181, 182–191

for annular calcification, 190
for cervical hyperostosis, 183
for cervical vertical body destruction,

183
for dens fracture, 184
for DISH, 181, 185
for DJD, 181, 187, 189
for fractures, 180–181, 182, 186
for lumbar region, 187–189
for Schmorl’s nodule, 190
for spondylolisthesis, 188
for tumors, 181
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emergency cardiac ultrasound. See cardiac
ultrasound, emergency

emergency radiology. See cardiac
ultrasound, emergency; renal
ultrasound, emergency

emergency renal ultrasound. See renal
ultrasound, emergency

emphysema, subcutaneous, 60
emphysematous cholecystitis, 229
empyema, 463
EMS. See endometrial stripe
encephalitis, 532
endometrial stripe (EMS), 314

EUG and, 319
enostosis, 419
ependymomas, spinal MRI for, 555
epicondylar fractures, 124–125, 126

elbow/forearm dislocations with, 125
epicondylitis, 6
epididymitis, 333
epidural abscesses, 549
epidural hematomas, 429
esophageal coin, 144
EUG. See extrauterine gestation
extrauterine gestation (EUG), 317–320

EMS and, 319
extremities. See elbow/forearm; extremities,

MRI of; hips; lower extremities,
plain radiography for; pediatric
extremities, plain radiography for;
shoulder; upper extremities, plain
radiography for; wrist

extremities angiography, with CT, 506
clinical images of, 507–513

for gunshot wounds, 508–509, 510,
511, 513

diagnostic capabilities of, 506
imaging limitations of, 506
indications for, 506
MRA v., 506

extremities, MRI of, 586–587. See also
ankles; elbow/forearm; hips; knees;
shoulder; wrist

clinical images for, 588–599, 607–612,
631

of ankles, 624–629
of elbow/forearm, 594–599
of hips, 607–612
of knee, 613–624
of shoulder, 588–593
of toes, 630–631
of wrist, 600–606

diagnostic capabilities of, 587
for trauma, 587

imaging limitations for, 587
indications for, 586–587

exudates/transudates, 463

face, CT imaging of, 438–441
anatomy analysis in, 439

facial buttress system in, 439
for Le Fort fractures, 440–441
for mandible, fractures to, 441

diagnostic capabilities of, 441

imaging limitations of, 441
indications for, 441

for maxilla, fractures to, 440–441
diagnostic capabilities of, 440–441
imaging limitations of, 441
indications for, 440

methods of, 438
for orbital blow-out fractures, 439–440

diagnostic capabilities of, 439
imaging limitations of, 439–440
indications for, 439
theories of, for mechanical mechanism

of, 439
screening for, 438
for zygoma, fractures of, 440

diagnostic capabilities of, 440
imaging limitations for, 440
indications for, 440

facial buttress system, 439
fall on an outstretched hand (FOOSH)

injury, 9
FAST. See Focused Assessment with

Sonography in Trauma
feeding tubes

in elderly, placement of, 193
replacement of, 90

feet, plain radiography of, 16
foreign bodies in, 41–42
fractures in, 37–40

calcaneal, 36
dancer’s, 37
Jones, 38
Lisfranc, 39–40
metatarsal stress, 39

gout in, 43
growth plates in, 42
osteomyelitis in, 42
rheumatoid arthritis in, 43
soft tissue gas in, 41

femoral fractures, 20, 23
femoral hernias, 338
femur, 351

clinical images of, 351
fibroids, 321

submucosal, 321
fibular fractures, 30
fluid collection. See peritoneal fluid

collections, plain radiography for
focal pneumonia, 49
Focused Assessment with Sonography in

Trauma (FAST), 217
ultrasound and, 236, 237, 238, 239

FOOSH injury. See fall on an outstretched
hand injury

forearms. See elbow/forearm, plain
radiography for

foreign bodies, ultrasound for. See also
wounds, by foreign bodies

guided procedures for, 294, 295
anatomic considerations in, 294
clinical images of, 295
indications for, 294
pitfalls of, 294

in lungs, 136–137

in pediatric abdomen, 169–171
of ingested materials, 171
metallic, 169–171

in soft tissues, 359–360
diagnostic capabilities of, 359–360
imaging for, 360, 363–364
indications for, 359

fractures. See also clavicle fractures;
mandible fractures, under CT;
maxilla fractures, under CT; orbital
blow-out fractures; rib/sternum,
fractures of; Salter-Harris fractures;
skull fractures; zygoma fractures,
under CT

Bankart, 4, 6
Boxer’s, 9, 13
in cervical spine, 101–102

burst fractures, 101
Clay Shoveler’s fracture, 102
comminuted compression, 102
den’s fracture, 408
Hangman’s fracture, 99, 408
isolated, 98
Jefferson’s fracture, 409
odontoid fractures, 98

from child abuse, 177–179
bucket-handle, 177
metaphyseal, 177
rib, 178
skull, 178–179

clavicle, 4
Colles, 9, 10
with CT

in abdomen-pelvis, 481
in chest, 468–470
in head, 429
Le Fort fractures, 440–441
for mandible fractures, 441
for maxilla fractures, 440–441
orbital blow-out fractures, 439–440
sternal fractures, 470
vertebral fractures, 470
of zygoma, 440

with CXR
of ribs, 61
scapular, 61

elderly plain radiography and, 180–181,
197

for compression fractures, 182, 186
for Dens fractures, 184

Galeazzi, 7, 8
Hill-Sachs deformity, 4, 6
Hoffa, 23
imaging limitations of plain radiography

for, 15
in lower extremities

acetabular fracture, 18
ankles, 31, 32, 33
feet, 36, 37–40
femoral fractures, 20, 23
fibular, 30
hip, 17
tibial, 25, 26, 30, 34
trochanter, 20–21
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fractures. (Continued)
with MRI

for hips, 607–609, 612
for shoulder, 593
for spinal trauma, 542, 543–546
for wrist, 603

in pediatric extremities
buckle fractures, 120
in elbow/forearm, 120
epicondylar fractures, 124–125, 126
Galeazzi fractures, 124
Greenstick fractures, 120
hip avulsion fractures, 128
humeral/radiocapitellar, 121
Monteggia fractures, 123
physeal fractures, 117
Salter-Harris fractures, 118–119
supracondylar fractures, 122–123

radial head, in elbow/forearm, 7
scaphoid, 9
Smith’s, 9, 10
in thoracolumbar spine, 111–115

compression fractures, 108, 110
endplate fractures, 108, 109
with retropulsion, 109

toddler’s, 30, 127
Tuft, 9, 13
ultrasound for, 350–353

for clavicles, 352, 354
evaluation of, 350
for femur, 351
for hematomas, 350
for hips, 354, 355
for humerus, 4, 6, 350
for joints, 349
for occult fractures, 353
for other long bones, 351–353
for reduction of, 353–355
for rib/sternum, 352–353, 354
for scaphoid fractures, 355
for small bones, 353

free air, plain radiography for, 59
in abdomen, 69

retroperitoneal, 80
free fluid (FF), in uterus, 323

in pouch of Douglas, 323
in uterovesicular pouch, 323

Galeazzi fractures
AP, 7, 8
lateral, 7, 8
in pediatric extremities, 124

gallbladder. See also porcelain gallbladder
biliary ultrasound of, 214, 215, 216,

219–231
for carcinoma, 230
for cholecystitis, 225–227, 228
for porcelain gallbladder, 230

distention of, 228
gallstones and, 221–222
resuscitation ultrasound of, 391–392

for acute cholecystitis, 391–392
for pneumonia, 392

sludge in, 224

structure of, 219–221
MLF in, 219

gallstones, 221–222
bile ducts and, 235

Gamekeeper’s thumb, 604
gas distribution, 155–157

appendicitis and, 164
in infants, 157
with intussusception, 166, 169

gastric cancer, spinal trauma MRI for, 553
gastrointestinal tract. See abdomen-pelvis,

CT for; abdomen-pelvis, ultrasound
for; abdomen, plain radiography for;
appendix; bowel obstruction, plain
radiography for; bowel obstruction,
ultrasound for; gallbladder; ileus,
plain radiography for; pancreas;
spleen; urinary bladder, ultrasound
for; urinary tract, ultrasound for;
volvulus

global left ventricular function (LVF), 255
EF in, 255

“golfer’s elbow,” 6
gout, 43
grayscale ultrasound, 330

in Triplex ultrasound, 330
Greenstick fractures, 120
gunshot wounds, 103, 432

extremities angiography for, with CT,
508–509, 510, 511, 513

hand/wrist injuries, plain radiography for, 9
for acute trauma to, 9
Boxer’s fracture, 9, 13
carpal tunnel disease, 9
Colles fractures as, 9, 10
diagnostic capabilities of, 9
dislocations

interphalangeal, 3
lunate, 9, 11–12
perilunate, 9, 12

FOOSH, 9
imaging limitations for, 9
indications for, 9
Mallet finger, 9
scaphoid fractures, 9, 11
scapho-lunate disassociation, 9, 11
Smith’s fracture, 9, 10
Tuft fracture, 9, 13

Hangman’s fracture, 99
under CT, 408

head and neck angiography, with CT,
497–500

for cerebrovascular injury, 501, 502
for cervicocranial vascular disease, 501
contrast materials in, 503
diagnostic capabilities of, 499–500

for hemorrhagic stroke, 499–500, 502
for ischemic stroke, 499–500, 502
for trauma, 500

imaging limitations of, 500
for stroke, 500
for trauma, 500

indications for, 498–499

for carotid/artery dissection, 499, 501
for hemorrhagic stroke, 498–499
for ischemic stroke, 498–499
for trauma, 499

for thrombolytic therapy, 503
head, CT for, 420–436

for cerebral contusion, 432
clinical images of, 429–432

of fractures, 429
of hematomas, 429–431

diagnostic capabilities of, 420–422
for gunshot wounds, 432
for hemorrhaging, 432, 433–434
for herniation, 434
imaging limitations for, 422
indications for, 420

patient evaluation and, 421
for ischemic stroke, 422, 435
for lesions, 436
principles of, 422–424

beam hardening artifacts, 423
volume hardening artifacts, 423
window settings, 422, 458

for skull fractures, 420
heart attack. See myocardial infarction
heart, CXR for, 131, 141. See also pericardial

tamponade; pericardiocentesis,
ultrasound for

for aorta, 131, 143–146
for cardiomegaly, 52, 141
for infants, 142
for Kawasaki disease, 142
for tension pneumothorax, 143

hemangiomas, spinal trauma MRI for,
555

hematomas, 350
epidural, 429
in head, CT for, 429–431
subdural, 179, 429

hemoperitoneum, 240–241
hemorrhagic stroke

causes of, 498
under head and neck angiography, with

CT, 498–500
assessment of, with, 502

risk factors of, 498
SAH, 499

hemothorax, 55–56, 462
hepatic cysts, 582
hepatocellular carcinoma, 582
hernias

abdominal ultrasound for, 338
clinical images in, 342
femoral, 338
incisional, 338
inguinal, 338
spigelian, 338
ventral wall, 338

bilateral, 480
hiatal, in elderly, 193
in infants, 140
ventral, 480

hiatal hernias, 193
under abdomen-pelvis CT, 479
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high resolution computed tomography
(HRCT), 457

Hill-Sachs deformity, 4, 6
hips

dislocations/fractures, 17, 21, 113
avulsion, 128

MRI for, 607–612
for fractures, 609
for osteocrosis, 612
for tears, 610–611

ultrasound for, effusions, 354, 355,
356

Hoffa fractures, 23
HRCT. See high resolution computed

tomography
humerus, 350

clinical images of, 350
humeral head fractures, 4, 6

hydration therapy, 400
hydrenephrosis, 578
hydronephrosis, 269, 272–273

mild, 272
moderate, 273
resuscitation ultrasound for, 392
severe, 273

hyperflexion sprain. See anterior
subluxation

hypertrophic pyloric stenosis, 340
hypervolemia, 379, 380

ICP. See increased cranial pressure
ileus, plain radiography for, 66, 70

bowel obstruction v., 153–155
causes of, 66

image artifacts, for ultrasound, 213–217
acoustic enhancement, 214
acoustic shadowing, 214
attenuation, 213–214
mirror image, 216
refraction, 214
reverberation, 215–216
scatter, 215
side lobes, 216–217

incarcerated uterus, 324
incisional hernias, 338
increased cranial pressure (ICP), 325
infants, CXR for, 48, 138–141

for diaphragmatic hernias, 140
gas distribution in, 157
for heart, 142
for PIE, 140
with pneumatosis intestinalis, 169
for RDS, 138, 139
for tuberculosis, 135

inguinal hernias, 338
interphalangeal dislocation, 3
intrauterine pregnancy (IUP), 316

abnormal, 317
intussusception, 164–169

abdominal ultrasound for, 337–338
bony abnormalities of pediatric abdomen

and, 174
bowel obstruction and, 165–166
clinical images of, 341

crescent/target signs for, 164–165,
166–167

gas distribution with, 166, 169
indications for, 164

inversion injuries, to ankles, 626
ischemic stroke, 422, 435

causes of, 498
under head and neck angiography, with

CT, 498–500
assessment of, with, 502

risk factors of, 498
IUP. See intrauterine pregnancy

Jefferson’s fracture, 409
joints, ultrasound for, 349

for effusions, 354–356
appearance of, 354
for arthrocentesis, 354
clinical images of, 354, 356
in elbows, 355–356
in hips, 354, 355–356
in knees, 355–356

Jones fracture, 38

Kawasaki disease, 142
kidneys, emergency ultrasound for,

268–279. See also renal ultrasound,
emergency 

for acute trauma, 272
for carcinomas, 269, 276
for horseshoe kidney, 279
for hydronephrosis, 269, 272–273

mild, 272
moderate, 273
severe, 273

for normal anatomy, 270
for renal cysts/masses, 269, 275
for renal disease, 275
for renal stones, 274

kidney stones. See urolithiasis
knees

effusions in, 355–356
clinical images of, 355–356

MRI for, 613–624
for Baker’s cyst, 620
for dislocations, 619
for osseous tumors, 623–624
for osteosarcomas, 623
for tears, 615–616, 617–618, 622

plain radiography of, 24, 26–27
for chondrocalcinosis, 199
for DJD, 200
fabella in, 28
for joint effusions, 27
for lipohemarthrosis, 26
metal synovitis of, 28
for osteoarthritis, 27

k-space, in MRI, 519
kyphosis, 416

laminectomies, spinal MRI for, 558
lateral view

of elbow/forearm, 7
of shoulder, 4

Le Fort fractures, 440–441

lesions, 436
leukemia, spinal trauma MRI for, 555
ligaments, ultrasound for, 349
lipohemarthrosis, 26
Lisfranc fractures, 39–40
liver disease, under MRI, 477
liver, under abdomen-pelvis CT, 477

lacerations of, 477
neoplasms in, 477

lower extremities, plain radiography for, 15.
See also feet, plain radiography of

of ankles, 31–33
for dislocations, 35
for twisting injuries, 32

of bone cell tumors, 22
diagnostic capabilities of, 15
for elderly, 181, 197–200

for chondrocalcinosis of the knee, 199
for DJD, 200
for fractures, 197
for osteoarthritis, 197–198

of feet, 16
foreign bodies in, 41–42
for fractures, 36, 37–40
gout in, 43
growth plates in, 42
osteomyelitis in, 42
rheumatoid arthritis in, 43
soft tissue gases in, 41

of fibia, 30
of fractures

acetabular, 18
of ankles, 31, 32, 33
femoral, 20, 23
fibular, 30
imaging limitations for, 15
tibial, 25, 26, 30, 34
in toddlers, 30
trochanter, 20–21

imaging limitations of, 15
for osteomyelitis, 15, 29

indications for, 15
for avascular necrosis, 15, 19
for rheumatoid arthritis, 15

of knee, 24, 26–27
fabella in, 28
joint effusion of, 27
lipohemarthrosis in, 26
metal synovitis in, 28
osteoarthritis in, 27

of osteomyelitis, 29
of osteosarcomas, 29
of patella, 22–23
of pelvis, 16

hip dislocation/fracture, 17, 21
in toddlers, 30

LP. See lumbar puncture, ultrasound for
lumbar puncture (LP), ultrasound for,

299–300
anatomic considerations for, 299
clinical images of, 300
CSF in, 299
pitfalls of, 300
procedures for, 299–300
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lumbar spine, under MRI, 541
lung parenchyma, 459–461

contusions in, 459
lacerations in, 460
for pneumonia, 461

lungs, CXR for, 46, 131–136
air trapping in, 137–138
atelectasis, 132
bilateral infiltrates in, 131, 132–133
for COPD, 51
edema in, 52, 134
in elderly, 196
foreign bodies in, 136–137
for neonatal conditions, 138–141

diaphragmatic hernias, 140
PIE, 140
RDS, 138, 139

pneumonia in, 132
focal, 49
PCP, 59
viral, 132

pulmonary contusion in, 60
pulmonary embolism in, 375, 378, 379

lungs, pediatric abdomen radiography for,
175

luxatio erectae, of shoulder, 4, 5
LVF. See global left ventricular function

magnetic resonance angiography (MRA), 497
for cervicocranial vascular disease, 501
extremities angiography v., with CT, 506

magnetic resonance imaging (MRI),
517–520. See also brain, MRI of;
extremities, MRI of

of abdomen, 568–570
for AAA, 574–575
for acute appendicitis, 570
for acute cholangitis, 568
for acute pancreatitis, 570
for aortic dissection, 575
for ascites, 581
for cholecystitis, 568
for choledocholithiasis, 580
for cholelithiasis, 579
clinical images for, 571–584
clinical indications for, 568, 569
for cysts, 575, 582, 583
diagnostic capabilities of, 568–570
for hepatocellular carcinoma, 582
for hydrenephrosis, 578
imaging limitations for, 570
for metastatic liver disease, 583
for pancreatic cysts, 583
for renal artery stenosis, 577
for renal cell carcinoma, 576
for splenic infarct, 581
for splenomegaly, 580

with angiography, 497, 506
of brain, 521–522

clinical images of, 522–536
diagnostic capabilities of, 522
imaging limitations of, 522
indications for, 522

cervical spine under, 540

cMRI, 560–562, 563–566
ACA/AHA guidelines for, 561
ACR guidelines for, 560
advantages of, 560–561
for aortic dissection, 561–562, 564
for cardiomyopathy, 566
clinical images of, 563–566
for coarctation, 565
DE-cMRI and, 562
diagnostic capabilities of, 561, 562
imaging limitations for, 562
indications for, 560, 561, 566
for myocardial infarction, 565
NFD and, 562

CT v., for spinal trauma, 404–405
of extremities, 586–587

clinical images for, 588–599, 607–612,
631

diagnostic capabilities of, 587
imaging limitations for, 587
indications for, 586–587

for foreign body wounds, 3
image formation in, 518–519

characteristics in, 519
lumbar spine under, 541
NMR and, 521
physical principles of, 517–518, 521

ADC in, 519
angular momentum in, 517
electron excitation as, 518
free v. bound water and, 519
k-space in, 519
magnetic field in, 518
precession in, 517

relaxation times in, 519, 521
safety considerations for, 520

during pregnancy, 520
for soft tissue pathology, 3
for spinal trauma, 538–558

for bone marrow abnormalities, 539
for cervical cord transsection, 542
diagnostic capabilities of, 539
for disc extrusions, 546, 548
for disc herniation, 547
for ependymomas, 555
for epidural abscesses, 549
for fractures, 542, 543–546
with gadolinium contrast, 540
for gastric cancer, 553
for hemangiomas, 555
imaging limitations of, 539–540
incidence rates for, 538
indications for, 538–539
for infection, 539
for laminectomies, 558
for leukemia, 555
for multiple myelomas, 554
for multiple sclerosis, 556
for myelitis, 556–557
for myelopathies, 539
for prostate cancer, 554
for spinal dislocation, 541
for spondylisthesis, 547
for stenosis, 539

for subdural hematomas, 550
for subluxation, 543
for synovial cyst, 548
for syringomyelia, 557
for tuberculosis, 539, 551–552

main lobar fissure (MLF), 219
Mallet finger, 9
malrotation, bowel obstruction from,

158–160
testing for, 159–160

mandible fractures, under CT, 441
diagnostic capabilities of, 441
imaging limitations of, 441
indications for, 441

maxilla fractures, under CT, 440–441
diagnostic capabilities of, 440–441
imaging limitations of, 441
indications for, 440
Le Fort fractures and, 440–441

MDCT. See multidetector spiral computed
tomography

mechanical index (MI), in ultrasound, 211
median nerve block, ultrasound of, 216
mediastinum

chest CT for, 464–467
for aortic tear, 465
for diaphragmatic ruptures, 467
for esophageal ruptures, 466
for pericardial effusion, 465
pneumomediastinum, 464
for pneumomediastinum, 464
for tracheobronchial injuries, 466

CXR for, 131, 146–150
with barium study, 150
cardiomediastinum, 46, 57
for diGeorge syndrome, 148
in infants, 144–149
pneumomediastinum, 60, 146–147

meningiomas, 535
mesenteric injury, 476
mesenteric vessels, 489, 494–495
metal synovitis, 28
metaphyseal fractures, 177
metatarsal stress fractures, 39
MI. See mechanical index, in ultrasound
midgut volvulus, 157–160

with barium study, 158
definition of, 157
infants with, 158

mirror image artifacts, for ultrasound, 216
MLF. See main lobar fissure
M-mode, in ultrasound, 212
molar pregnancy, 324
Monteggia fractures, 123
Morison’s Pouch, 237, 240
MRA. See magnetic resonance angiography
MRI. See magnetic resonance imaging
multidetector spiral computed tomography

(MDCT), 457, 473, 474, 497. See also
angiography, with CT

multiple myelomas, 399–400
spinal trauma MRI for, 554

multiple sclerosis, 534
spinal trauma MRI for, 556
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muscles, ultrasound for, 348
musculoskeletal system. See also

elbow/forearm; elbow/forearm,
plain radiography for; joints,
ultrasound for; knees; ligaments,
ultrasound for; tendons, ultrasound
for

CXR and, 131, 151–152
with discitis, 151
with osteogenesis imperfecta, 151

metastases of, in elderly, 192
pediatric abdomen radiography of, for

abnormalities, 173–175
intussusception and, 174
Shenton’s arc and, 174–175

sonographic anatomy of, 348–349
ultrasound for, 347–357

for bone, 349
for fractures, 350–353
imaging limitations of, 357
indications for, 350–356
for joints, 349
for ligaments/nerves, 349
for muscle, 348
technical considerations for, 347
for tendons, 348–356

myelitis, spinal trauma MRI for, 556–557
myelogram, 419
myelopathies, 539
myocardial infarction, 376

cMRI for, 565

nabothian cysts, 320
NAC. See N-acetylcysteine
N-acetylcysteine (NAC), 400
neonatal. See infants, CXR for
neoplasms, in liver, 477
nephrogenic fibrotic dermopathy (NFD),

562
nephrogenic systemic fibrosis (NSF),

562
nerves, ultrasound for, 349
neurocystericosis, 533
neurosarcoidosis, 534
New England Journal of Medicine, 290
Nexus Low-Risk Criteria (NLC), 92
NFD. See nephrogenic fibrotic dermopathy
NLC. See Nexus Low-Risk Criteria
NMR. See nuclear magnetic resonance
NSF. See nephrogenic systemic fibrosis
nuclear magnetic resonance (NMR),

521

occult fractures, 353
ocular ultrasound, 325–329

applications for, 327–328
for retinal detachment, 327

diagnostic capabilities of, 325
for ICP, 325, 327
for lens dislocation, 328
for optic neuritis, 328
sonographic anatomy of, 325

clinical images of, 326
sonographic techniques for, 325–326

of eye/optic nerve evaluation,
326–327

for vitreous hemorrhage, 328
odontoid fractures, 98
Ogilvie’s syndrome, 78
optic nerve, 244
optic neuritis, 328
orbital blow-out fractures, 439–440

diagnostic capabilities of, 439
imaging limitations of, 439–440
indications for, 439
theories of, for mechanical mechanism

of, 439
orchitis, 333
Osgood-Schlatter disease, 128
osseous tumors, 623–624
osteoarthritis, 27, 197–198
osteogenesis imperfecta, 151
osteomyelitis, 15

acute, 29
in feet, 42
in thoracolumbar spine, 108, 109
in toes, 630–631

osteosarcomas, 29
in knee, 623

ovaries, 314, 315
under abdomen-pelvis CT, 480
cysts in, 322

pacemakers
cMRI and, 562
insertion of, 393

Paget disease, 191
pain

chronic, 3
plain radiography for, in shoulder, 3

from spinal trauma, 404, 412, 418
pancreas

under abdomen-pelvis CT, 478–479
abdominal ultrasound for, 338

clinical images of, 343–344
calcification of, 87
pseudocysts in, 344, 478

pancreatic cancer, 415
MRI for, 584

pancreatic cysts, 583
pancreatitis

under abdomen-pelvis CT, 478
acute, 338
chronic, 343
MRI for, 570
resuscitation ultrasound for, 391

paracentesis, ultrasound for, 301–304
anatomic considerations for, 301
clinical images for, 302–304
indications for, 301
pitfalls for, 302
procedures for, 301–302

patella, plain radiography for, 22–23
PCP. See pneumocystis carinii pneumonia
PDI. See Pulse Doppler Imaging
PE. See pleural effusion, in lungs
pediatric abdomen, plain radiography for,

153–175

for appendicitis, 160–164
appendicoliths and, 160, 163
gas distribution and, 164
indications for, 160

for bony abnormalities, 173–175
intussusception and, 174
Shenton’s arc and, 174–175

for bowel obstruction, 153–157
barium study for, 158
gas distribution and, 155–157
ileus v., 153–155
in infants, 157, 158
by malrotation, 158–160
in midgut volvulus, 157, 160

diagnostic capabilities of, 153
contents and, 153

for foreign bodies in, 169–171
of ingested materials, 171
metallic, 169–171

for ileus, 153–157
imaging limitations of, 153
indications for, 153
for intussusception, 164–169

bowel obstruction and, 165–166
crescent/target signs for, 164–165,

166–167
gas distribution and, 166, 169
indications for, 164

for lungs, 175
for pneumatosis intestinalis, 79, 169

bowel distention and, 169
indications for, 169
in infants, 169

for urolithiasis, 173
development of, 171
indications for, 171
with renal colic, 171, 173
staghorn calculi and, 171–173

pediatric cervical spine injuries. See cervical
spine injuries, pediatric

pediatric extremities, plain radiography for,
117–129

diagnostic capabilities of, 117
for fractures

buckle fractures, 120
in elbow/forearm, 120, 125
epicondylar, 124–125, 126
Galeazzi, 124
Greenstick, 120
hip avulsion, 128
humeral/radiocapitellar, 121
Monteggia, 123
physeal, 117
Salter-Harris, 118–119
supracondylar, 122–123
toddler’s, 127

imaging limitations of, 117
indications for, 117
for Osgood-Schlatter disease,

128
for radial head subluxation, 126
for SCFE, 129
for septic arthritis of the hip, 129

pediatric infiltrates, 50
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pelvis, plain radiography of, 16, 110–115.
See also abdomen-pelvis, ultrasound
for

clinical images for, 111, 115
of fractures, 111–115

diagnostic capabilities for, 110
dislocation of, 113
in elderly, 181, 191–192

for bone metastases, 192
for colon cancer, 192
for Paget disease, 191

imaging limitations of, 110–111
indications for, 110

perforated viscus, 66
pericardial effusion, 372–373

CT for, 465
with tamponade, 374

pericardial tamponade, 304, 374
development of, 305

pericardiocentesis, ultrasound for, 304–310
anatomic considerations for, 305
blind, 304–305
clinical images for, 306–310

with parasternal approach, 308
with subxyphoid approach, 306, 307
with turbulence, 309

indications for, 304–305
for pericardial tamponade, 304, 374

pitfalls for, 306
procedures for, 305–306
views of, 305

pericholecystic fluid, 226
peritoneal fluid collections, plain

radiography for, 67
causes of, 67

peritonsillar abscesses, 360–361
diagnostic capabilities of, 360–361
imaging for, 361, 362–363, 364–365

considerations for, 361
for edema, 362
limitations of, 361

indications for, 360
physeal fractures, 117
PIE. See pulmonary interstitial emphysema
PIOPED II. See Prospective Investigation of

Pulmonary Embolism Diagnosis II
plain radiography. See also abdomen, plain

radiography for; cervical spine, plain
radiography of; chest radiography,
with plain film; child abuse, plain
radiography for; elbow/forearm,
plain radiography for; feet, plain
radiography of; hand/wrist injuries,
plain radiography for; lower
extremities, plain radiography for;
pediatric abdomen, plain
radiography for; pelvis, plain
radiography of; shoulder, plain
radiography for; upper extremities,
plain radiography for

for abdomen, 90
for abnormal fluid collections, 67
for appendicitis, 72
for bladder stones, 86

for bowel obstructions, 66, 71, 75–76,
78

for calcifications, 81, 87, 89
for cecal volvulus, 73
for Chilaiditi loops, 79
diagnostic capabilities of, 65–66
for feeding tube replacement, 90
for free air, 69, 80
for gastrointestinal tract pathology, 67
for ileus, 66, 70
imaging limitations for, 67
indications for, 65
pediatric, 153–175
for perforated viscus, 66
for pneumatosis intestinalis, 79
for porcelain gallbladder, 88
for renal stones, 82
for retroperitoneal

inflammation/injury, 67
for sigmoid volvulus, 74
for solid organs, 66–67
for staghorn calculi, 83
for toxic megacolon, 77
for ureteral stones, 67, 84–85

of cervical spine, 91–93
diagnostic applications of,

demographic data for, 91–92
for fractures, 98, 99, 101–102
indications for, 92, 93
pediatrics and, 93

for child abuse, 176–179
diagnostic capabilities for, 176
fractures from, 177, 178–179
indications for, 176
for subdural hematomas, 179

CXR, 45–62, 152
of aorta, 131, 143, 144–145, 146
for bones, 131, 151, 152
for cardiomegaly, 52
clinical imaging for, 46, 57, 131–152
for COPD, 51
diagnostic capabilities of, 45, 130
for focal pneumonia, 49
for fractures, 61
for free air, 59
for heart, 131, 141–142, 143
imaging limitations of, 45, 130
indications for, 45, 130
for infants, 48, 135, 138, 139, 140, 141,

142, 144–149
intubation and, 57
for lungs, 46, 52, 60, 62, 63, 131–134,

136–137
for masses/nodules, 58
for mediastinum, 131, 144–147, 148,

149, 150
normal views of, 47, 48
for PCP, 59
for pediatric infiltrates, 50
for pleural effusion/hemothorax,

55–56
of pneumothorax, 53
for subcutaneous emphysema, 60
for tuberculosis, 54

in elderly, 200
for abdominal imaging, 181, 193
CXR, 181, 194, 195, 196, 231
diagnostic capabilities for, 180
for extremity imaging, 181, 197–198,

199, 200
imaging limitations for, 181
indications for, 180
for pelvic imaging, 181, 191, 192
for rheumatologic conditions, 181,

197–200
for spine imaging, 180–181, 182, 183,

184, 185, 186, 187, 188, 189, 190,
191

for heart, 141
for aorta, 143–146
for cardiomegaly, 141

for lower extremities, 15
of ankles, 31, 32, 33, 35
of bone cell tumors, 22
diagnostic capabilities of, 15
of feet, 16
of fibia, 30
of fractures, 17, 18, 20–21, 25, 26, 30,

31, 32, 33, 34
imaging limitations of, 15
indications for, 15
of knees, 24, 26, 27, 28
of osteomyelitis, 29
of osteosarcomas, 29
of patella, 22–23
of pelvis, 16, 17, 21
in toddlers, 30

for pediatric abdomen, 153–175
for appendicitis, 160, 163, 164
for bony abnormalities, 173–175
for bowel obstruction, 153–157,

158–160
diagnostic capabilities of, 153
for foreign bodies in, 169–171
for ileus, 153–157
imaging limitations of, 153
indications for, 153
for intussusception, 164–167, 169
for lungs, 175
for pneumatosis intestinalis, 79, 169
for urolithiasis, 171–173

for pediatric extremities, 117–129
diagnostic capabilities of, 117
fractures in, 117, 118–119, 120, 121,

122–123, 124–125, 126, 127, 128
imaging limitations of, 117
indications for, 117
for Osgood-Schlatter disease, 128
for radial head subluxation, 126
for SCFE, 129
for septic arthritis of the hip,

129
of thoracolumbar spine, 106–115

clinical images for, 107–110
diagnostic capabilities for, 106
imaging limitations for, 106
indications for, 106
for pelvic region, 16, 110–115
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for upper extremities, 3–9
for acute trauma, 3
elbow/forearm, 6–8
for foreign body wounds, 3
hand/wrist, 9
imaging limitations of, 4
shoulder, 3–6

pleura, 243
pleural effusion (PE), in lungs, 55–56, 62,

63, 135, 375
with pneumothorax, 386
thoracentesis for, 297

pneumatosis intestinalis, 79, 169
bowel distention and, 169
indications for, 169
in infants, 169

pneumocystis carinii pneumonia (PCP), 59
pneumomediastinum, 60, 146–147

CT for, 464
pneumonia

CT for, 461
focal, 49
PCP, 59
resuscitation ultrasound for, 377, 392
viral, 132

pneumothorax, 53
with angiography, with CT, 485
CT for, 461, 462
PE with, 386
resuscitation ultrasound for, 383–387
tension, 143
thoracentesis and, 297
ultrasound for, 243

popliteal vein (PV), 247, 250, 251
porcelain gallbladder, 88, 230
posterior fat pads, in elbow/forearm, 7
postreduction radiographs, 3–4
Pott’s disease. See spinal tuberculosis
PowerFlow Doppler, 205, 211–212
pregnancy

angiography and, with CT, 490
cMRI during, 560
CT during, 402

fetal radiation exposure, 402
MRI during, 520
RCIN and, as risk factor of, 399

pregnancy, ultrasound of, 215
ectopic, 382
EUG, 317–320
incarcerated uterus during, 324
IUP, 316

abnormal, 317
molar, 324

prereduction radiographs, 3–4
prevertebral soft tissue, 97
Prospective Investigation of Pulmonary

Embolism Diagnosis II (PIOPED
II), 562

prostate cancer, spinal trauma MRI for, 554
prostate, hypertrophy of, 269, 278
pseudocysts, 344, 478
pulmonary embolism, 375, 378, 379

in angiography, with CT, 482, 485
cardiac ultrasound for, 254

cMRI for, 560, 566
PIOPED II and, 562

pulmonary interstitial emphysema (PIE),
140

Pulse Doppler Imaging (PDI), with
testicular ultrasound, 332

Pulsed Wave Doppler, 205
Purcell, Edward, 518
PV. See popliteal vein
pyloric stenosis, 337

clinical images of, 340
of hypertrophic, 340

radial head fractures, 7
radiation, in CT scanning, 402

with abdomen-pelvis angiography, 490
dosing levels in, 402

radiographic contrast induced nephropathy
(RCIN), 399–402

allergic/anaphylactoid reactions as part
of, 400–402

contrast osmolality and, 400
creatine clearance measurements in,

399
pre-treatment guidelines for, 401
prevention of, 400–402

guidelines for, 401
with hydration therapy, 400
with NAC, 400

risk factors for, 399, 400
contrast dye as, 400
diabetes mellitus as, 400
multiple myeloma as, 399–400
pregnancy as, 399

radiography. See computed tomography;
magnetic resonance imaging; plain
radiography; ultrasound

radiology. See magnetic resonance imaging
RCIN. See radiographic contrast induced

nephropathy
RDS. See respiratory distress syndrome, in

infants
refraction, 214
renal artery stenosis, 577
renal cell carcinoma, 576
renal colic, 171, 173
renal cysts/masses, 269, 275

under MRI, 575
renal stones, 82, 274
renal ultrasound, emergency, 268–279

for acute trauma, 272
diagnostic capabilities of, 268–269

for bladder, 269, 277
for carcinomas, 269, 276
for cysts/masses, 269, 275
for hydronephrosis, 269, 272–273
for prostatic hypertrophy, 269, 278

for horseshoe kidney, 279
imaging limitations of, 269–270

false negatives and, 269–270
indications for, 268
for normal kidney, 270
for renal disease, 275
for renal stones, 274

respiratory distress syndrome (RDS), in
infants, 138, 139

resuscitation, ultrasound in, 367–369
for AAA, 389–390
for acute cholecystitis, 391–392
for appendicitis, 391
for bowel obstruction, 391
cardiothoracic disease etiologies for,

368–369
for abdominal diseases, 368
for cardiogenic hypotension, 367–368
for cardiomyopathy, 374–375, 376, 381
for dyspnea, 369
for myocardial infarction, 376
for PE, 375
for pericardial effusion, 372–373, 374

diagnostic capabilities of, 367–368
ectopic pregnancy, 382
for fluid status, evaluation of, 379–382

in abdomen, 382
for gallbladder, 391–392
for hydronephrosis, 392
for hypervolemia, 379, 380
imaging limitations for, 369, 388–390
indications for, 367
for pacemaker insertion, 393
for pancreatitis, 391
for pneumonia, 377, 392
for pneumothorax, 383–387

PE with, 386
for pulmonary embolism, 375, 378, 379
thoracic disease etiologies for, 368
TTE v. TEE approach for, 369, 388
for vascular access, 392–393

reverberation, 215–216
comet-tail, 215–216
ring-down, 215, 216

rheumatoid arthritis, 15
in feet, 43
MRI for, 605

rib/sternum, fractures of, 61, 352
clinical images of, 352, 353, 354, 469

saccular aneurysm, of aorta, 284
SAH. See subarachnoid hemorrhage
Salter-Harris fractures, 118–119

type 1, 118
type 2, 118
type 3, 118
type 4, 119
type 5, 119

scaphoid fractures, 9, 11
ultrasound for, 355

scapular fractures, 61, 469
scatter, 215

ultrasound of, 215
SCFE. See slipped capital femoral epiphysis
Schmorl’s nodule, 190
SCIWORA. See Spinal Cord Injury without

Radiographic Abnormality
SDI. See Spectral Doppler Imaging
septic arthritis of the hip, 129, 198
SFV. See superficial femoral vein
Shenton’s arc, 174–175
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shoulder
MRI for, 588–593

of dislocations, 590, 591
of fractures, 593
of tears, 590, 591–592

plain radiography for, 3–6
AC separation in, 4
for acute trauma, 3
AC view of, 4
anterior dislocations of, 4, 5
apical oblique view of, 4
AP view of, 4
axillary view of, 4
Bankart fractures in, 4, 6
for chronic pain, 3
clavicle fractures in, 4
diagnostic capabilities for, 4
Hill-Sachs deformity in, 4, 6
humeral head fractures of, 4, 6
indications for, 3–4
lateral view of, 4
limitations of, 4
luxatio erectae of, 4, 5
posterior dislocations of, 4, 5
postreduction, 3–4
prereduction, 3–4

sigmoid volvulus, 74
skeletal system. See musculoskeletal system
skull fractures, 178–179. See also head, CT

for
complex, 179
CT for, 420
linear, 178

slipped capital femoral epiphysis (SCFE), 129
SMA. See superior mesenteric artery
Smith’s fractures

AP, 9, 10
lateral, 9, 10

soft tissue pathologies, radiology
applications for, 3

soft tissues, ultrasound for, 358–361. See
also peritonsillar abscesses

diagnostic capabilities of, 358–359
for foreign bodies in, 359–360

diagnostic capabilities of, 359–360
imaging for, 360, 363–364
indications for, 359

imaging for, 359
limitations in, 359
principles for, 359

infection indications for, 358
for CA-MRSA, 358

for peritonsillar abscesses, 360–361
diagnostic capabilities of, 360–361
imaging for, 361, 362–363, 364–365
indications for, 360

Spectral Doppler Imaging (SDI), 212
for DVT, 250–251
for testicular ultrasound, 330
in Triplex ultrasound, 330

spigelian hernias, 338
Spinal Cord Injury without Radiographic

Abnormality (SCIWORA), 93
CT for, disadvantages of, 406

spinal films, plain. See also cervical spine,
plain radiography of

for elderly, 180–181, 182–191
for annular calcification, 190
for cervical hyperostosis, 183
for cervical vertical body destruction,

183
for Dens fracture, 184
for DISH, 181, 185
for DJD, 181, 187, 189
for fractures, 180–181, 182
for lumbar region, 187–189
for Schmorl’s nodule, 190
for spondylolisthesis, 188
for tumors, 181

spinal stenosis, 539
spinal trauma, CT for, 404–406. See also

cervical spine injuries
clinical images of, 406–419

Clay Shoveler’s fracture, 408
for dens fracture, 408
for dextro-scoliosis, 417
for enostosis, 419
for Hangman’s fracture, 408
for Jefferson’s fracture, 409
with kyphosis, 416
of myelogram, 419
with pancreatic cancer, 415
with uterine cancer, 416

diagnostic capabilities of, 405
disadvantages of, 405–406

in pediatric evaluations, 405–406
in SCIWORA, 406

indications for, 404–405
MRI v., 404–405
pain as symptom of, 404, 412, 418
plain radiography v., 404

spinal trauma, MRI for, 538–558
for bone marrow abnormalities, 539
for cervical cord transsection, 542
diagnostic capabilities of, 539
for disc extrusions, 546, 548
for disc herniation, 547
for ependymomas, 555
for epidural abscesses, 549
for fractures, 542, 543–546
with gadolinium contrast, 540
for gastric cancer, 553
for hemangiomas, 555
imaging limitations of, 539–540

scanner immobility and, 540
incidence rates for, 538
indications for, 538–539
for infection, 539
for laminectomies, 558
for leukemia, 555
for multiple myelomas, 554
for multiple sclerosis, 556
for myelitis, 556–557
for myelopathies, 539
for prostate cancer, 554
for spinal dislocation, 541
for spondylisthesis, 547
for stenosis, 539

for subdural hematomas, 550
for subluxation, 543
for synovial cyst, 548
for syringomyelia, 557
for tuberculosis, 551–552

spinal, 539
spinal tuberculosis, 539
spleen, 242

under abdomen-pelvis CT, 478
abdominal ultrasound for, 338

clinical images of, 345
under angiography, with CT, 493–494,

495–496
hemangioma in, 345
infarct in, MRI for, 581

splenic arteries, 493–494, 495–496
splenomegaly, 345

MRI for, 580
spondylolisthesis, 188

spinal trauma MRI for, 547
sprains, to wrist, 603
staghorn calculi, 83

urolithiasis and, 171–173
stenosis. See also hypertrophic pyloric

stenosis
renal artery, 577
spinal trauma MRI for, 539

sternal fractures, 470
strokes. See also hemorrhagic stroke;

ischemic stroke
under head and neck angiography, with

CT, 500
for detection of, 502
for perioperative management of,

500
under MRI, 528

subarachnoid hemorrhage (SAH), 499
under MRI, 529

subcutaneous emphysema. See emphysema,
subcutaneous

subdural hematomas, 179, 429
under MRI, 530
spinal trauma MRI for, 550

superficial femoral vein (SFV), 247
superior mesenteric artery (SMA), 494–495
supracondylar fractures, 122–123
Swimmer’s view, of cervical spine, 97
synovial cysts, 548
syringomyelia, 557

TEE. See transesophageal echocardiography
tendons, ultrasound for, 348

anisotropy in, 348
clinical images in, 356
for injuries to, 355–356

“tennis elbow,” 6
tenosynovitis, 627
testicular ultrasound, 330–335

clinical images of, 331–335
of benign masses, 334
of calcifications, 335
of epididymitis, 333
of extratesticular fluid, 332
of malignant masses, 335
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of normal testicle, 331
of orchitis, 333
patient draping, 331
of testicular torsion, 333

diagnostic capabilities of, 330
imaging limitations of, 330–331
indications for, 330

with CDI, 330, 332
with grayscale ultrasound, 330
with PDI, 332
with SDI, 330

Tetralogy of Fallot, 142
TGC. See time gain compensation
thermal index (TI), in ultrasound, 211
thoracentesis, ultrasound for, 297–299

anatomic considerations for, 297
clinical images for, 297–299
indications for, 297

for PE, 297
for pneumothorax, 297

pitfalls of, 297
procedures for, 297

thoracic disease, 368
thoracolumbar spine, plain radiography of,

106–115. See also pelvis, plain
radiography of

clinical images for, 107–110
for aortic aneurysm, 110
for compression fracture, 108, 110
for endplate fracture, 108, 109
for lumbar spine, 107
of osteomyelitis, 108, 109
for retropulsion fracture, 109
for thoracic spine, 107

diagnostic capabilities for, 106
imaging limitations for, 106
indications for, 106
for pelvic region, 16, 110–115

clinical images for, 111, 115
diagnostic capabilities for, 110
hip dislocation in, 113
imaging limitations of, 110–111
indications for, 110

thrombolytic therapy, 503
TI. See thermal index, in ultrasound
tibia

fractures of, 25, 30, 34
spinal avulsion of, 26

time gain compensation (TGC), 209–210
toddler fractures, 30, 127

from child abuse, 179
toes, MRI for, 630–631

osteomyelitis in, 630–631
Torus fracture. See buckle fractures
toxic megacolon, 77
transesophageal echocardiography (TEE),

255
resuscitation ultrasound in, TTE v., 369,

388
transthoracic echocardiography (TTE), 255.

See also cardiac ultrasound,
emergency

in resuscitation ultrasound, TEE v., 369,
388

trauma, acute
head and neck angiography for, with CT,

499, 500
imaging limitations of, 500

to kidneys, 272
to spine, 538
ultrasound for, 237

diagnostic capabilities of, 236–237
to distal radius, 244
FAST and, 236, 237, 238, 239
to hemoperitoneum, 240–241
imaging limitations of, 237
indications for, 236
to Morison’s Pouch, 237, 240
to optic nerve, 244
to pleura, 243
to pneumothorax, 243
to spleen, 242

in upper extremities, 3
to hand/wrist, 9
in shoulder, 3

Triplex ultrasound, 330
trochanter fractures, 20

horizontal/pathologic, 20–21
TTE. See transthoracic echocardiography
tuberculosis, 54

in infants, 135
spinal, 539, 551–552

Tuft fracture, 9, 13
tumors. See bone cell tumors; carcinomas,

ultrasound for; osseous tumors

ulcers, in ankle, 629
ultrasound. See also abdomen-pelvis,

ultrasound for; bedside ultrasound;
biliary ultrasound; cardiac
ultrasound, emergency; central
venous catheters, in ultrasound;
deep venous thrombosis, ultrasound
for; foreign bodies, ultrasound for;
kidneys, emergency ultrasound for;
lumbar puncture, ultrasound for;
ocular ultrasound; paracentesis,
ultrasound for; pericardiocentesis,
ultrasound for; renal ultrasound,
emergency; resuscitation, ultrasound
in; soft tissues, ultrasound for;
thoracentesis, ultrasound for;
urinary bladder, ultrasound for;
urinary tract, ultrasound for

for abdomen, 337–345
for acute appendicitis, 337, 338–339
diagnostic capabilities of, 337–338
for hernias, 338, 342
imaging limitations for, 338–345
indications for, 337
for intussusception, 337–338, 341
for pancreas, 338, 343–344
for pyloric stenosis, 337, 340
for small bowel obstruction, 342
for spleen, 338, 345

for abdominal aorta, 280
for AAA, 280, 281, 284, 285
diagnostic capabilities of, 280

dissection of, 285
of enlarged iliac arteries, 281
imaging limitations of, 280
indications for, 280
normal view of, 280–281
for saccular aneurysm, 284
for thrombus, in inferior vena cava,

285
for abdominal-pelvis, 313–324

for cysts n, 320, 322
diagnostic capabilities for, 313
of EMS, 314
of EUG, 317–319, 320
of FF, 323
for fibroids, 321
imaging limitations for, 313
indications for, 313
of IUP, 316, 317
of molar pregnancy, 324
of ovaries, 314, 315, 322
of uterus, 314–315, 324
of vaginal stripe, 314

for acute trauma, 237
diagnostic capabilities of, 236–237
to distal radius, 244
FAST and, 236, 237, 238, 239
to hemoperitoneum, 240–241
imaging limitations of, 237
indications for, 236
to Morison’s Pouch, 237, 240
to optic nerve, 244
to pleura, 243
to pneumothorax, 243
to spleen, 242

beam width in, 210–211
bedside, 207

applications of, 203
archiving for, 205, 206
billing for, 205–206, 207
equipment care for, 206
machines for, 203–205
policy of use for, 205
privileging for, 205, 206
quality improvement for, 206
result reporting for, 205
technicians for, 204
training guidelines for, 205,

206–207
troubleshooting for difficulties with,

207
use demographics for, 203

biliary, 218–235
for abscesses, 218
of bile ducts, 231–235
biologic effects of, 217
of cholecystitis, 214, 216
cholescintigraphy and, 218
data analysis for, 211
diagnostic capabilities of, 218
Doppler applications in, 205,

211–212
FAST with, 217
for foreign body wounds, 3
frequency in, 210
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ultrasound. (Continued)
of gallbladder, 214, 215, 216, 219–227,

228, 230, 231
gallstones under, 221–222
image artifacts for, 213–214, 215,

216–217
imaging limitations of, 218–219
indications for, 218
of intrauterine pregnancy, 215
of median nerve block, 216
MI in, 211
M-mode, 212
physics of, 217

principles of, 209
for soft tissue pathology, 3
system controls for, 209–212
TI in, 211
transducer selection in, 212–213, 216
of urinary bladder, 215, 217

for DVT, 247
abscesses and, 253
Baker’s Cyst and, 252
cellulitis and, 252
diagnostic capabilities of, 246–247
femoral vessels under, 247, 249, 252
imaging limitations with, 247
indications for, 246
probe placement for, 248
proximal, 251
PV and, 247, 250, 251
SDI in, 250–251
techniques for, 247

emergency cardiac, 254–256
apical views in, 258, 260, 261, 263
CDI in, 262, 265
consultant v. physician performed,

254–255
diagnostic capabilities of, 254–255
echo in, 254
effusion in, 255
experience recommendations for use

of, 255
global LVF in, 255
imaging modalities for, 255–256,

257–258, 262
indications for, 254
parasternal axis views in, 257–258, 259,

260, 261, 262–265
for PE, 254
right ventricular strain in, 255
subxiphoid view in, 259, 260, 261,

262
TTE v. TEE, 255

emergency renal, 268–279
for acute trauma, 272
diagnostic capabilities of, 268–269,

272–273, 275, 276, 277, 278
for horseshoe kidney, 279
imaging limitations of, 269–270
indications for, 268
for normal kidney, 270
for renal disease, 275
for renal stones, 274

grayscale, 330

guided procedures for, 287–310
of CVC, 290–293
for foreign body detection, 294–295
for LP, 299–300
for paracentesis, 301–304
for pericardiocentesis, 304–310
for thoracentesis, 297–299
of urinary bladder, 287–289

biliary, 217, 269
emergency renal, 277

for musculoskeletal system, 347–357
for bone, 349
for fractures, 350–353
imaging limitations of, 357
indications for, 350–356
for joints, 349
for ligaments/nerves, 349
for muscle, 348
sonographic anatomy of, 348–349
technical considerations for, 347
for tendons, 348–356

ocular, 325–329
applications for, 327–328
diagnostic capabilities of, 325
for ICP, 325, 327
for lens dislocation, 328
for optic neuritis, 328
sonographic anatomy of, 325, 326
sonographic techniques for, 325–327
for vitreous hemorrhage, 328

in resuscitation, 367–369
for AAA, 389–390
for acute cholecystitis, 391–392
for appendicitis, 391
for bowel obstruction, 391
cardiothoracic disease etiologies for,

368–369
diagnostic capabilities of, 367–368
ectopic pregnancy, 382
for fluid status, evaluation of,

379–382
for gallbladder, 391–392
for hydronephrosis, 392
for hypervolemia, 379, 380
imaging limitations for, 369, 388–390
indications for, 367
for pacemaker insertion, 393
for pancreatitis, 391
for pneumonia, 377, 392
for pneumothorax, 383–387
for pulmonary embolism, 375, 378,

379
thoracic disease etiologies for, 368
TTE v. TEE approach for, 369, 388
for vascular access, 392–393

for soft tissues, 358–361
diagnostic capabilities of, 358–359
for foreign bodies in, 359–360
imaging for, 359
infection indications for, 358
for peritonsillar abscesses, 360–361

testicular, 330–335
clinical images of, 331, 332, 333, 334,

335

diagnostic capabilities of, 330
imaging limitations of, 330–331
indications for, 330, 332

Triplex, 330
upper extremities, plain radiography for, 3–9

acute trauma in, 3
in elbow/forearm, 6–8

AP view of, 7
diagnostic capabilities of, 7
dislocations in, 7, 8
Galeazzi fractures, 7, 8
Galeazzi fractures in, 7, 8
for “golfer’s elbow,” 6
imaging limitations for, 7
indications for, 6
lateral view of, 7
posterior fat pad in, 7
radial head fractures in, 7
supplementary views of, 7
for “tennis elbow,” 6

for elderly, 181, 197–200
for chondrocalcinosis of the knee, 199
for DJD, 200
for fractures, 197
for osteoarthritis, 197–198

foreign body wounds in, 3
in hand/wrist injuries, 9

for acute trauma, 9
Boxer’s fracture, 9, 13
carpal tunnel disease and, 9
Colles fractures, 9, 10
diagnostic capabilities of, 9
dislocations, 9, 11–12
FOOSH, 9
imaging limitations for, 9
indications for, 9
interphalangeal dislocation, 3
Mallet finger, 9
scaphoid fractures, 9, 11
scapho-lunate disassociation, 9, 11
Smith’s fracture, 9, 10
Tuft fracture, 9, 13

in shoulder, 3–6
AC separation in, 4
for acute trauma, 3
AC view of, 4
anterior dislocations of, 4, 5
apical oblique view of, 4
AP view of, 4
axillary view of, 4
Bankart fractures in, 4, 6
for chronic pain, 3
clavicle fractures, 4
diagnostic capabilities for, 4
Hill-Sachs deformity in, 4, 6
humeral head fractures of, 4, 6
indications for, 3–4
lateral view of, 4
limitations of, 4
luxatio erectae of, 4, 5
posterior dislocations of, 4, 5
postreduction radiography for, 3–4
prereduction radiography for, 3–4

ureteral stones, 67, 84–85
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ureterolithiasis, 479
urinary bladder, ultrasound for

biliary, 215, 217, 269
for tumors, 277

bladder stones and, 86
carcinomas in, 277
emergency renal, 269, 277
guided procedures for, with

catheterization, 287–289
anatomic considerations for, 287
disadvantages of, 288
images of, 288–289
indications for, 287
success rates for, 287

urinary tract, ultrasound for
bladder for, 215, 217, 269

for tumors, 277
emergency, 268–279

urolithiasis, 173
development of, 171
indications for, 171
with renal colic, 171, 173
staghorn calculus and, 171–173

uterine cancer, 416
uterus, 314–315

FF in, 323
in pouch of Douglas, 323
in uterovesicular pouch, 323

fibroid calcifications in, 81
incarcerated, during pregnancy, 324

vaginal stripe, 314
vascular system, calcification in, 89
venous thromboembolism, 489
ventral wall hernias, 338
vertebral fractures, 470
vitreous hemorrhage, 328
volvulus

cecal, 73
midgut, 157–160

definition of, 157
sigmoid, 74

wounds, by foreign bodies
in brain, 536
CT for, 3

in feet, 41–42
by gunshot, 103
MRI for, 3
plain radiography for, 3
ultrasound for, 3

wrist. See also hand/wrist injuries, plain
radiography for

MRI for, 600–606
for bony injuries, 601
for edema, 601–602
for Gamekeeper’s thumb, 604
for rheumatoid arthritis, 605
for sprains, 603
for tears, 604

x-rays. See chest radiography, with plain film

ZMC. See zygomaticomaxillary complex
zygoma fractures, under CT, 440

indications for, 440
ZMC and, 440

zygomaticomaxillary complex (ZMC),
440




