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To our patients



 Preface

Image-guided 3D Conformal or Intensity Modu-
lated Radiation Therapy aims to deliver high doses 
of radiation to the tumor, while trying to maintain 
dose levels to healthy tissue within tolerable limits. 
Therefore, it is of key importance to define the dif-
ferent target volumes, gross tumor volume (GTV), 
clinical target volume (CTV), planning target vol-
ume (PTV), and organs at risk (OARs), on the basis 
of in-depth knowledge of the human anatomy, of 
anatomicoradiological aspects, and of anatomical 
and geometric variations during the radiation plan-
ning and treatment.

We have prepared this guide to meet the needs 
of radiation oncologists: our intention is to pro-
vide them with guidelines for identifying and de-
fining the lymph node structures to be included in 
the treatment plan. Meeting this need also implies  
responding to findings in the literature, which, as 
regards lymph node structures, reveal differences in 
contouring practices not only among different ra-
diotherapy centers, but also, quite often, among ra-
diation oncologists working in the same center.

The book, after providing a brief anatomical de-
scription of the human lymphatic system, reviews 
the main anatomical classifications which take into 
account lymph drainage pathways in the various 
regions and describe the progression pathways of 
the various types of cancer. We use well-established 
classifications for the head and neck region and the 
mediastinum, while we employ more recent or still 
evolving classifications for the abdominal and pelvic 
regions. We also provide reference tables that facili-
tate the identification of the lymph nodes described 

by the various classification systems, which might 
be hard to find in scans performed without contrast 
medium.

Together with experienced radiologists for each 
anatomical region, we have developed a set of stan-
dards for the acquisition of planning CT images, 
standardizing the parameters for scan performance 
and those concerning patient positioning and im-
mobilization.

In the second section of the book we describe the 
role and importance of radiological imaging in tar-
get definition, including lymph nodes, especially for 
image-guided radiation therapy (IGRT).

In the third section, radiologists and radiation 
oncologists have identified and defined the lymph 
nodes in the planning CT scans, concurrently iden-
tifying and numbering anatomical landmarks. Con-
sultation of the CT images reproduced in this book, 
starting from the head and neck region down to the 
pelvic region, is facilitated by a flipping page which 
makes it possible to read the anatomicoradiological 
tables while viewing the scans.

While we are fully aware that our work is far 
from having resolved all the issues of lymph nodal 
area identification, including taking into account the 
variability of each patient’s physical shape, we hope it 
will prove to be a useful tool for young and, if we may 
venture, also for not-so-young radiation oncologists 
and be an appropriate support in the delicate phase 
of radiation treatment planning.

Giampiero Ausili Cefaro
Carlos A. Perez

Domenico Genovesi
Annamaria Vinciguerra
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Sec t ion I

General Considerations
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Anatomy

1.1 Head and Neck Region

The head and neck region [1, 2] has a dense lym-
phatic network which, through the jugular, spinal 
accessory, and transverse cervical nodes under the 
jugular-subclavian axis, drains lymph from the skull 
base to the thoracic duct.

Lymph drainage of the anatomical structures 
belonging to this region is ipsilateral, apart from 
tonsil, soft palate, basal tongue, posterior pharyn-
geal wall, and, especially, nasopharynx, all of which 
drain bilaterally. Vocal folds, paranasal sinuses, and 
middle ear do not have lymph vessels, or have them 
in limited number.

According to Rouvière, head and neck lymph 
nodes are clustered in groups or form chains that 
are satellites of the main blood vessels (Fig. 1.1). 
These nodal groups are listed below:

The  • pericervical ring, which includes six nodal 
groups surrounding the upper neck:

Occipital nodes –
Mastoid or retroauricular nodes –
Parotid nodes –
Submandibular nodes –
Submental nodes –
Facial nodes –

Sublingual •  and retropharyngeal lymph nodes, 
located medial to the pericervical nodal ring

Anterior •  and lateral cervical lymph nodes of 
the neck, located anterior and lateral to the neck, 
respectively

1.1.1 Occipital Lymph Nodes

They are adjacent to the occipital artery. Rouvière 
distinguishes them into superficial, subfascial, and 
submuscular.

The superficial nodes are located at the level of 
the insertion of the sternocleidomastoid and the 
trapezius muscles; the subfascial nodes are situated 
above the splenius muscle; and the submuscular 
nodes are located below the splenius muscle.

They receive lymphatics from the occipital area 
of the scalp and from the skin and deep regions of 
the upper nape.

1.1.2 Mastoid or Retroauricular 
Lymph Nodes

They are located on the superficial aspect of the an-
terior and superior insertions of the sternocleido-
mastoid muscle.

They receive lymphatics from the skin of the me-
dial aspect of the ear, the back of the temporal re-
gion, and the parietal area of the skull.
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1.1.4 Submandibular Lymph Nodes

These are deep nodes, anatomically located in the 
submandibular cavity, adjacent to the salivary gland 
and the anterior facial vein. Rouvière divided them 
into five groups: periglandular, perivascular, retro-
vascular, retroglandular, and intracapsular.

They receive lymph collectors from the lower lip, 
lateral chin, cheek, gums, teeth, internal eyelids, 
anterior tongue, submandibular gland, sublingual 
gland, and floor of mouth.

1.1.5 Submental Lymph Nodes

They are located superficially at the level of the 
suprahyoid region, on the lower aspect of the my-
lohyoid muscle.

1.1.3 Parotid Lymph Nodes

They are divided into:
Superficial nodes • . They are located in front of 
the tragus, along the superficial temporal vessels.
Extraglandular subfascial nodes • . They are lo-
cated in the parotid cavity immediately below the 
fascia.
Deep intraglandular nodes • . They are scattered 
within the parotid gland, close to the external 
jugular vein and the facial nerve.

They receive lymphatics from the parotid, the frontal 
and temporal regions, lacrimal gland, upper eyelid, 
lateral half of the lower eyelid, tympanic membrane, 
Eustachian tube, auricle, external auditory meatus, 
nose, upper lip, cheek, and gums in the molar area.

Fig. 1.1 a,b Main head and neck nodes. a Lateral view. b Anteroposterior view
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They drain the chin, lower lip, cheeks, gums, low-
er incisors, floor of mouth, and tip of tongue.

1.1.6 Facial Lymph Nodes

They are located along the course of the facial lymph 
vessels, which follow the facial artery and vein; they 
include the buccinator, mandibular, infraorbital, 
and zygomatic nodes which receive lymphatics 
from adjacent areas.

1.1.7 Sublingual Lymph Nodes

These are inconstant and are located along the 
course of the collector vessels of the tongue.

1.1.8 Retropharyngeal Lymph Nodes

They are distinguished into medial, located along 
the lymphatics of the posterior aspect of the phar-
ynx, above the hyoid bone, and lateral, at the level 
of the lateral masses of the atlas, in contact with the 
lateral margin of the posterior pharyngeal wall.

They receive lymph from the nasal cavity, para-
nasal sinuses, palate, middle ear, nasopharynx, and 
oropharynx.

1.1.9 Anterior Cervical Lymph Nodes

They are located below the hyoid bone, between the 
two vascular-nervous bundles of the neck. They are 
divided into two groups:

Anterior jugular chain1. . It is located below the 
superficial cervical fascia along the course of the 
anterior jugular vein.
Juxtavisceral lymph nodes2. . They are located 
frontal to the larynx (prelaryngeal), the thyroid 
(prethyroid), and the trachea (pretracheal), and 
on the lateral aspects of the trachea (recurrent 
chains). They drain larynx, thyroid, trachea, and 
esophagus.

1.1.10 Lateral Cervical Lymph Nodes

They are divided into:
Superficial •  (external jugular chain). They follow 
the external jugular vein.
Deep • . They are located in the carotid region and 
the supraclavicular cavity. They extend posterior-
ly under the trapezius muscle, while downward 
and forward they reach below the clavicle to the 
anterior chest. According to Rouvière’s classifica-
tion three chains are distinguished:

Internal jugular chain1. , satellite of the vein: it 
includes an anterior and a lateral group. The 
anterior lymph nodes run anterior to the jugu-
lar vein, while the lateral ones follow the lateral 
wall of the vein, extending from the posterior 
belly of the digastric muscle to the crossing 
of the omohyoid muscle passing behind the 
vein in the lower portion. The internal jugular 
chain drains the anterior portion of the head 
and neck, nasal cavity, pharynx, ear, tongue, 
palate, salivary glands, tonsils, and thyroid.
Spinal accessory nerve chain2. : it follows the 
lateral branch of the nerve in the posterior tri-
angle of the neck. It runs under the trapezius 
muscle, starting from the posterior margin of 
the sternocleidomastoid muscle to the upper 
margin of the supraspinous fossa. It receives 
lymph from the occipital, postauricular, and 
suprascapular nodes and from the posterior 
and lateral nape, lateral neck, and shoulder.
Transverse chain of the neck3.  (supraclavicu-
lar): it follows the transverse artery. It is lo-
cated transversally, from the lower margin of 
the spinal accessory chain to the junction of 
the internal jugular and subclavian veins. It re-
ceives lymph from the accessory spinal chain, 
the breast region, the anterior and lateral neck, 
and the upper limb.
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heads of the ribs; they are also called paraverte-
bral nodes. They drain lymphatic vessels from the 
thoracic wall, which receive lymph from the pari-
etal pleura and from the lymphatic vessels of the 
spinal cord and paravertebral grooves.
Diaphragmatic lymph nodes • . Located in the 
diaphragmatic convexity, they are grouped in 
the loose cellular tissue at the base of the peri-
cardium. They are divided into an anterior group, 
behind the xiphoid process; a right lateral group 
at the level of the diaphragmatic orifice of the 
inferior vena cava; a left lateral group, near the 
phrenic nerve; and a posterior group behind the 
diaphragmatic crura. They receive lymphatic ves-
sels from the diaphragm.

1.2 Thoracic Region

Thoracic lymph nodes [3] are divided into parietal 
and visceral.

1.2.1 Parietal Lymph Nodes

Internal thoracic lymph nodes • . They form two 
chains, on either side of the posterior aspect of the 
sternum, from the xiphoid process to the first rib, 
along the course of the internal thoracic vessels. 
They receive lymph collectors from the skin of 
the anterior thoracic wall, the anterior intercostal 
spaces, the epigastric area, the medial breast, and 
the anterior diaphragmatic lymph nodes.
Intercostal lymph nodes • . They are located in the 
posterior portion of intercostal spaces, near the 

Fig. 1.2 a,b Main visceral mediastinal nodes. a Superficial view. b Deep view
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1.2.2 Visceral Lymph Nodes

Rouvière divided the visceral lymph nodes of the 
chest into four groups (Fig. 1.2):

Anterior mediastinal or prevascular nodes1. . 
They run between the sternum and the heart, an-
terior to the great vessels. They receive lymphat-
ics from the thymus, heart, and trachea.
Posterior mediastinal or juxtaesophageal 2. 
nodes. They are located between the posterior 
aspect of the pericardium and the vertebral col-
umn: they are divided into pre- and retroesopha-
geal nodes. They drain the lateral and posterior 
lymph nodes and the esophagus.
Peritracheobronchial lymph nodes3. . They are 
very numerous and are located around the tra-
chea and main bronchi. They receive lymphatic 

vessels from the lungs and heart. They are divid-
ed into:

Lymph nodes of the pulmonary pedicle – , lo-
cated between the origin of the bronchus and 
the mediastinal pleural reflection
Subcarinal nodes – , situated below the carina
Peritracheal nodes – , located on the anterior 
and lateral aspects of the trachea and a few 
posteriorly

Intrapulmonary lymph nodes4. . They follow the 
bronchial divisions in the lungs.

1.3 Upper Abdominal Region

Abdominal lymph nodes [1, 3, 4] can be divided into 
two main groups: visceral nodes and lumboaortic 
nodes (Fig. 1.3).

Fig. 1.3 a,b Main abdominal lymph nodes. a Perigastric region. b Lymph nodes along principal abdominal vessels
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Postaortic group • . These nodes are located poste-
rior to the aorta and anterior to the third-fourth 
lumbar vertebrae.

1.4 Pelvic Region

Lymphatic drainage of the pelvis [1, 3, 4] is common-
ly divided into two chains: parietal and visceral. The 
parietal lymphatics include the lymphatic vessels of 
the skin and the superficial fascia of the anterior and 
posterior pelvic walls. The visceral lymphatic chains 
include the lymphatic vessels draining the urogeni-
tal region, the rectum, and the peritoneum.

In addition to the lymph nodes situated in 
strictly visceral locations, the pelvic visceral lymph 
nodes also comprise the following groups of nodes 
(Fig. 1.4) [5].

1.4.1 Group of the Common 
Iliac Lymph Nodes

It consists of three nodal chains:
Lateral1. 
Intermediate2. 
Medial3. 

The lateral chain is an extension of the lateral chain 
of external iliac nodes and is located lateral to the 
common iliac artery. The intermediate chain con-
sists of the nodes of the lumbosacral fossa, which 
is delimited anteriorly by the common iliac vessels, 
laterally by the psoas muscle, medially by the lum-
bosacral vertebrae and posteriorly/inferiorly by the 
ala of sacrum. The lymph nodes can be located be-
tween the common iliac artery and veins. The me-
dial chain is located in the triangular area formed 
by the two common iliac arteries, from the aortic 
bifurcation to the bifurcation of the internal and ex-
ternal iliac arteries. The lymph nodes of the sacral 
promontory are included in this chain.

The common iliac lymph nodes receive afferents 

1.3.1 Abdominal Visceral Lymph Nodes

Important lymph node chains are grouped along the 
lymphatic pathways from the abdominal organs:

Coronary chain •  (left gastric lymph nodes). It 
runs along the lesser gastric curvature and the 
left gastric artery.
Gastroepiploic chain •  (right gastric lymph nodes) 
along the greater gastric curvature.
Splenic or lienal chain •  (pancreaticolienal chain) 
along the upper pancreas and at the hilum of 
spleen.
Hepatic chain •  (hepatic lymph nodes). It runs 
along the hepatic artery and the retropancreatic 
common bile duct.
Superior and inferior mesenteric chains. •  They 
run between the mesenteric layers. The lymph 
nodes of these chains are especially numerous at 
the level of the jejunum where they run along the 
course of the branches of the mesenteric artery 
and the root of the mesentery.

1.3.2 Lumboaortic Lymph Nodes

They can be divided into eight subgroups according 
to their position with respect to the aorta and the 
vena cava. Below, we list the subgroups of the nodes 
located around the aorta.

Lateroaortic group •  (bilateral). The right lat-
eroaortic subgroup can be further divided into: 
aortocaval, lateral caval, precaval, and postcaval 
subgroups, all adjacent to the vena cava. Lat-
eroaortic lymph nodes receive afferents from the 
common iliac lymph nodes and the lumbar, sper-
matic, and utero-ovarian lymphatics.
Preaortic group • . These nodes are located ante-
rior to the aorta, immediately below the origin of 
the superior and inferior mesenteric arteries, and 
they receive afferent lymphatics from the rectum, 
colon, small intestine, pancreas, stomach, liver, 
and spleen.
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from the internal and external iliac nodes, presacral 
nodes, and some lymphatics coming directly from 
pelvic viscera. The lymphatics of the common iliac 
nodes ascend toward the para-aortic nodes.

1.4.2 Group of the Internal Iliac Lymph 
Nodes (or Hypogastric)

The internal iliac nodes include several nodal chains 
which run along the various visceral branches of the 
internal iliac artery, such as the uterine artery, the 
prostatic branches of the inferior and middle rectal 
arteries, the superior and inferior gluteal arteries, 
and the internal pudendal artery. These nodes are 
difficult to distinguish since they are adjacent to each 

other. However, we can distinguish two different nod-
al chains: the anterior nodes, located anterior to the 
hypogastric vessels near the origin of the umbilical 
and obturator arteries, and the lateral sacral nodes, 
located along the course of the lateral sacral arteries, 
anterior to the first and second sacral foramen.

The internal iliac nodes receive the gluteal and 
ischial lymphatics, the obturator lymphatics, and 
the visceral pelvic lymphatics (coming from rectum, 
bladder, prostate, seminal vesicles, deferent ducts, 
uterus, and vagina).

1.4.3 Group of the External 
Iliac Lymph Nodes

This group includes the lymph nodes located around 
the external iliac vessels, and includes three nodal 
chains:

Lateral1. 
Intermediate2. 
Medial3. 

The lateral chain includes the nodes located lateral 
to the external iliac artery and medial to the psoas 
muscle. The intermediate chain includes the nodes 
located between the external iliac artery and veins. 
The medial chain includes the nodes located me-
dial and posterior to the external iliac vein.

There are controversies concerning the denomi-
nation of the medial chain nodes, which are also 
known as obturator lymph nodes. These nodes are 
adjacent to the obturator vessels and, according to 
some authors, should not belong to the external iliac 
nodes, but rather to the internal iliac nodes. Howev-
er, other authors [6] consider medial chain nodes as 
being functionally linked to the external iliac chain 
and located in an area delimited superiorly by the 
external iliac vein, posteriorly by the internal iliac 
artery followed by the pelvic ureter, and inferiorly 
by the obturator nerve. In surgical terminology they 
are referred to as obturator lymph nodes, but should 

Fig. 1.4 Main pelvic lymph nodes
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Lower lateral group3. 
Lower medial group4. 

The lower medial and lower lateral nodes drain the 
superficial lymphatics from the lower limb. The 
upper lateral nodes receive superficial lymphatics 
from the lateral gluteal region and from the lateral 
and posterior subumbilical region of the abdomi-
nal wall. The upper medial nodes drain the exter-
nal genitalia, the anus, the superficial perineum, the 
medial gluteal region, and the anterior subumbilical 
abdominal wall.

The deep inguinal nodes run along the common 
femoral vessels, within the femoral canal, medial to 
the femoral vein, and drain into the medial chain 
of external iliac nodes. They are separated from the 
group of superficial inguinal nodes by fascial planes 
which are not clearly visible on computed tomogra-
phy (CT) images. The inguinal ligament at the ori-
gin of inferior epigastric vessels and circumflex iliac 
vessels is used as a landmark for distinguishing the 
deep inguinal nodes from the medial chain of the 
external iliac nodes.

The deep inguinal nodes drain lymphatics from 
the superficial inguinal lymph nodes, the glans, 
the clitoris, and some deep lymphatics of the lower 
limb.

not be confused with the small, isolated obturator 
lymph node located in the internal foramen of the 
obturator canal, in the lower portion of the hom-
onymous fossa. This single lymph node is function-
ally linked to the internal iliac chain throughout its 
efferent vessels.

The external iliac nodes receive inguinal lym-
phatics, deep lymphatics from the anterior and sub-
umbilical portion of the abdominal wall, circumflex 
iliac lymphatics, and part of the genitourinary lym-
phatics.

1.4.4 Sacral or Presacral Lymph Nodes

They are located in the anterior aspect of sacrum, 
on either side of the rectum. They drain lymphatics 
from the rectum and the pelvic wall.

1.4.5 Inguinal Lymph Nodes

The lymph nodes of the inguinofemoral region can 
be divided into superficial and deep nodes.

The superficial inguinal nodes are located in 
the subcutaneous tissue anterior to the inguinal 
ligament and run along the course of the superficial 
(distal) femoral vein and saphenous vein. They can 
be further subdivided into four areas indicated by 
two imaginary, vertical and horizontal lines cross-
ing at the level of the saphenofemoral junction:

Upper lateral group1. 
Upper medial group2. 
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2Lymph Node Classification

The presence in our body of a rich network of 
lymph vessels and numerous lymph node stations 
prompted several authors to draw up classifications 
that would take into account lymph drainage path-
ways in the various districts and would be useful for 
describing tumor progression pathways.

The lymph node classifications of different ana-
tomical regions, mostly prepared by surgeons, have 
provided valuable help for the execution and stan-
dardization of surgical procedures, offering an ef-
fective tool for ensuring their reproducibility.

With the development of new radiotherapy tech-
niques, especially conformal radiotherapy, radia-
tion oncologists have also started using these clas-
sifications to define the nodal clinical target volume 
(CTV) [7, 8] that appears to be increasingly selec-
tive.

We have considered the following classifications 
for lymph node contouring on CT:

Head and neck region, •  classification of the 
American Head and Neck Society/American 
Academy of Otolaryngology Head and Neck Sur-
gery (AHNS/AAO-HNS, 1998, Robbins classifi-
cation).
Mediastinal region, •  American Joint Committee 
on Cancer/International Union Against Cancer 
(AJCC/UICC) classification, 1996 (Mountain 
and Dresler).
Upper abdominal region, •  classification of the 
Japanese Gastric Cancer Association (JGCA).

Pelvic region • , we referred to the distribution of 
lymph node groups relative to the main arteries.

2.1 Head and Neck Region

For nearly four decades, the most commonly used 
classification of cervical lymph nodes was that de-
veloped by Rouvière [2] in 1938, based on a previous 
classification by Trotter (1930) [9] which was based 
on an earlier study by Poirer and Charpy in 1909 
[10]. This classification defined lymph node areas 
based on anatomical limits established through pal-
pation or surgical dissection.

In subsequent years, the need was felt for a clas-
sification based on new clinical and pathophysi-
ological considerations, specifically, in relation to 
surgical neck dissection techniques; consequently, 
several new classification systems were proposed 
[11–14].

In 1991 the AAO-HNS classified neck lymph 
nodes into levels, following a system originally 
proposed by the Memorial Sloan-Kettering Can-
cer Group (New York) [15]. This classification, also 
known as the Robbins classification [16], distin-
guishes six levels:

IA • , submental lymph nodes
IB • , submandibular lymph nodes
II • , upper jugular lymph nodes
III • , middle jugular lymph nodes
IV • , lower jugular lymph nodes
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whose members also included the radiologist Peter 
M. Som, who was tasked with defining the radio-
logical margins of the various levels. The commit-
tee decided to continue using the six-level system 
(thus excluding the introduction of a level VII for 
upper mediastinal lymph nodes) and to indicate 
the lymph nodes through their anatomical sites 
(e. g., retropharyngeal, parotid, buccal, retroau-
ricular, and suboccipital nodes). The main changes 
concerned the revision of the classification of neck 
dissections, and the proposal of a further subdivi-
sion of levels II and V into IIA–IIB, separated by 
the spinal accessory nerve, and VA–VB, divided by 
a plane defined by the inferior margin of the cricoid 
cartilage [20–23].

Each of these sublevels defines a site with a dif-
ferent clinical implication in the event of metastatic 
involvement. For instance, level II subclassifica-
tion is justified by the fact that level IIB is mostly 
involved in oropharyngeal and nasopharyngeal tu-
mors, while it is less often involved in neoplasms 
of the oral cavity, larynx, and hypopharynx. Thus, 
when tumors occur in the latter sites, without clini-
cal involvement of sublevel IIA, it is not necessary 
to include level IIB in the dissection [20–23]. This 
is especially important if we consider the possible 
dysfunctions of the trapezius muscle due to ma-
nipulation of the spinal accessory nerve performed 
for removing level IIB nodes. Similar surgical con-
siderations apply to level IA which is removed only 
in the presence of neoplasms of the floor of mouth, 
lips, anterior mobile tongue, or anterior alveolar 
mandibular arch. The subclassification into VA and 
VB is warranted by the fact that neoplasms that are 
the main cause of metastatic lymph nodes in those 
sites originate from the nasopharynx, the orophar-
ynx, and skin structures of the posterior scalp for 
level VA, and from the thyroid for level VB (Fig. 2.1; 
Table 2.1).

Recently a group of authors [24] has proposed a 
further division of level VA into two sections, VAs 

V • , posterior triangle lymph nodes
VI • , anterior compartment lymph nodes

It considers the lymph nodes that are removed dur-
ing neck dissections. The lymph nodes that are not 
commonly removed, such as retropharyngeal, pa-
rotid, buccal, and occipital nodes, are not included 
in the Robbins classification. Subsequently, this clas-
sification was recommended by the UICC [17].

In 1992, in the TNM classification of malignant 
tumors, the division of the head and neck lymph 
nodes into 12 groups was proposed, based on the 
descriptions made by Rouvière [18]:

Submental nodes1. 
Submandibular nodes2. 
Upper jugular lymph nodes3. 
Middle jugular lymph nodes4. 
Lower jugular lymph nodes5. 
Dorsal cervical nodes along the spinal acces-6. 
sory nerve
Supraclavicular nodes7. 
Prelaryngeal and paratracheal nodes8. 
Retropharyngeal nodes9. 
Parotid nodes10. 
Buccal nodes11. 
Retroauricular and occipital nodes12. 

In 1997, the fifth edition of the cancer staging hand-
book of the AJCC [19], introduced, in addition to 
the Robbins classification, a further level including 
the lymph nodes below the suprasternal notch. Al-
though they are not located in the neck but in the 
upper mediastinum, lymph nodes belonging to this 
level can be involved in head and neck cancer (e. g., 
subglottic, hypopharyngeal, and thyroid tumors).

In 1998, 10 years after the start of the classifica-
tion project, the AHNS in collaboration with the 
AAO-HNS, updated the original classification sys-
tem of 1991 to account for the changes in head and 
neck cancer staging introduced by the AJCC [19]. 
K. Thomas Robbins headed the AHNS committee, 
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(superior) and VAi (inferior), separated by a hori-
zontal plane defined by the upper margin of the 
body of the hyoid bone, at the level of the lower two 
thirds of the spinal accessory nerve. The distinction 
between the posterior edge of sublevel IIB and the 
apex of sublevel VA is not clear, and is virtually im-
possible during most neck dissections. Indeed, for 
complete sublevel IIB removal, even the most ex-
perienced surgeons usually also remove the upper 
portion of sublevel VA. Already in 1987, Suen and 
Goepfert [25] had proposed inclusion of the apex of 
the portion that would be later defined sublevel VA, 
in sublevel IIB, thus considering that the upper edge 
of level V is adjacent to the lower part of the spinal 
accessory nerve.

Moreover, the upper part of sublevel VA only 
contains the superficial suprafascial occipital lymph 
nodes and, in smaller number, the subfascial and 
submuscular lymph nodes located close to the oc-
cipital insertion of the sternocleidomastoid muscle. 
These lymph nodes receive lymph drainage from the 
skin of the mastoid and occipital regions and are not 
usually involved in head and neck tumors, except in 
cases of skin cancer. In most head and neck carcino-
mas, dissection and/or radiation therapy [26] of the 

apex of level V are not necessary and should only 
be considered in some skin cancers of the posterior 
scalp and neck.

The same authors also introduced the division, 
considered by Robbins [20], of level IV into IVA 
(lymph nodes located deep into the sternal head 
of the sternocleidomastoid muscle) and IVB (deep 
into the clavicular head of the sternocleidomastoid 
muscle). In the past, Byers et al. [27] had also de-
fined a level IIIB including lymph nodes situated far 
posterior to the internal jugular vein.

2.2 Mediastinal Region

Similar to the head and neck region, for the medi-
astinal region there are different classification sys-
tems which have been updated over the years.

In 1967, Rouvière [3] classified pulmonary lymph 
nodes dividing them into four groups:

Anterior mediastinal group1. 
Posterior mediastinal group2. 
Peritracheobronchial group3. 
Intrapulmonary group4. 

Fig. 2.1 Graphic representation of the six levels of lymph nodes accord-
ing to the Robbins classification. Adapted from Robbins KT, Atkinson JLD, 
 Byers RM, et al. (2001) [23]
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Table 2.1 – Robbins classification

Level Name Description Regions drained

IA Submental 
nodes

Lymph nodes within the triangular boundary of the anterior belly of the 
digastric muscles and the hyoid bone

Floor of mouth, anterior 
oral tongue, anterior 
mandibular alveolar 
ridge, and lower lip

IB Submandibular 
nodes

Lymph nodes within the boundaries of the anterior and posterior bellies 
of the digastric muscle, the stylohyoid muscle, and the mandibular body. 
It includes the pre- and postglandular nodes and the pre- and postvascu-
lar nodes. The submandibular gland is included in the specimen when the 
lymph nodes within this triangle are removed

Oral cavity, anterior nasal 
cavity, and soft tissue 
structures of the mid-
face, and submandibular 
gland

IIA–IIB Upper jugular 
nodes

Lymph nodes located around the upper third of the internal jugular vein 
and adjacent to spinal accessory nerve extending from the level of the 
skull base to the level of the inferior border of the hyoid bone. The anterior 
(medial) boundary is the lateral border of the sternohyoid muscle and the 
stylohyoid muscle, and the posterior (lateral) boundary is the posterior 
border of the sternocleidomastoid muscle
IIA lymph nodes:  Lymph nodes located anterior (medial) to the vertical 

plane defined by the spinal accessory nerve
IIB lymph nodes:  Lymph nodes located posterior (lateral) to the vertical 

plane defined by the spinal accessory nerve

Oral cavity, nasal cavity, 
nasopharynx, orophar-
ynx, hypopharynx, 
larynx, and parotid gland

III Middle jugular 
nodes

Lymph nodes located around the middle third of the internal jugular vein 
extending from the inferior border of the hyoid bone to the inferior border 
of the cricoid bone. The anterior (medial) boundary is the lateral border of 
the sternohyoid muscle, and the posterior (lateral) boundary is the poste-
rior border of the sternocleidomastoid muscle or the sensory branches of 
the cervical plexus

Oral cavity, nasopharynx, 
oropharynx, hypophar-
ynx, and larynx

IV Lower jugular 
nodes

Lymph nodes located around the lower third of the internal jugular vein 
extending from the inferior border of the cricoid bone to the clavicle. The 
anterior (medial) boundary is the lateral border of the sternohyoid muscle 
and the posterior (lateral) boundary is the posterior border of the sterno-
cleidomastoid muscle or the sensory branches of the cervical plexus

Hypopharynx, cervical 
esophagus, and larynx

VA–VB Posterior triangle 
nodes

This group is comprised predominantly of the lymph nodes located along 
the lower half of the spinal accessory nerve and the transverse cervical 
artery. The supraclavicular nodes are also included in this group. The 
superior boundary is formed by convergence of the sternocleidomastoid 
and trapezius muscles, the inferior boundary is the clavicle, the anterior 
(medial) boundary is the posterior border of the sternocleidomastoid 
muscle or the sensory branches of the cervical plexus, and the posterior 
(lateral) boundary is the anterior border of the trapezius muscle
VA lymph nodes:  Lymph nodes located above the horizontal plane 

defined by the inferior border of the cricoid cartilage. 
Included are the lymph nodes lying along the spinal 
accessory nerve

VB lymph nodes:  Lymph nodes located below the horizontal plane de-
fined by the inferior border of the cricoid cartilage. In-
cluded are the lymph nodes lying along the transverse 
cervical artery and the supraclavicular nodes, except 
the Virchow node which is located in level IV

Nasopharynx and 
oropharynx

VI Anterior com-
partment nodes

Lymph nodes in this compartment include the pre- and paratracheal 
nodes, precricoid (Delphian) node, and the perithyroidal nodes includ-
ing the lymph nodes along the recurrent laryngeal nerves. The superior 
boundary is the hyoid bone, the inferior boundary is the suprasternal 
notch, and the lateral boundaries are the common carotid arteries

Thyroid gland, glottic 
and subglottic larynx, 
apex of the piriform 
sinus, and cervical 
esophagus

Source: Adapted from Robbins KT, Clayman G, Levine PA, et al. (2002) [22]
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Subsequently, two main classifications were pro-
posed: the classification of the AJCC adapted from 
Naruke [28–31] and that of the American Thoracic 
Society (ATS) and the Lung Cancer Study Group 
(LCSG) [32–36].

In 1978, Naruke suggested the use of an anatomi-
cal “map” in which the lymph node stations were 
numbered [29] and provided an anatomical defini-
tion of 14 lymph node stations:

Superior mediastinal lymph nodes, located at 1. 
the upper third of the trachea within the tho-
rax
Paratracheal lymph nodes, corresponding to 2. 
a level between stations 1 and 4, and situated 
along the lateral sides of the trachea
Pretracheal, retrotracheal, or posterior medi-3. 
astinal, and anterior mediastinal lymph nodes
Tracheobronchial nodes, in the lateral portion of 4. 
the junction between the trachea and the main 
bronchi (on the right side they are located at the 
level of the azygos vein and on the left side they 
are adjacent to the subaortic lymph nodes)
Subaortic lymph nodes5. 
Para-aortic lymph nodes6. 
Subcarinal lymph nodes7. 
Paraesophageal nodes (below carina)8. 
Pulmonary ligament lymph nodes9. 
Hilar lymph nodes10. 
Interlobar lymph nodes (the right interlobar 11. 
nodes are classified, if necessary, into superior 
and inferior)
Lobar lymph nodes12. 
Segmental lymph nodes13. 
Subsegmental lymph nodes14. 

The Japan Lung Cancer Society adopted this map-
ping and published a handbook for the classifica-
tion of lung cancer, providing detailed descriptions 
based on CT imaging and surgical findings, for each 
of the stations defined by Naruke. Although this 
manual has been widely used in Japan, it has not 
been universally accepted. One of the main reasons 

for its limited acceptance was the lack of an English 
translation until March 2000 [37].

The AJCC produced a classification of 13 lymph 
node stations [38], however, it did not provide a de-
scription of the anatomical boundaries of each sta-
tion:

N2 nodes (within the mediastinum) •
Superior mediastinal nodes –

Highest mediastinal nodes1. 
Upper paratracheal nodes2. 
Pretracheal and retrotracheal nodes3. 
Lower paratracheal nodes (including azy-4. 
gos nodes)

Aortic nodes –
Subaortic (aortic window)5. 
Para-aortic nodes (ascending aorta or phre-6. 
nic)

Inferior mediastinal nodes –
Subcarinal nodes7. 
Paraesophageal nodes (below the carina)8. 
Pulmonary ligament nodes9. 

N1 nodes (nodes lying distal to the mediastinal  •
pleural reflection)

Hilar nodes10. 
Interlobar nodes11. 
Lobar nodes12. 
Segmental nodes13. 

In 1983 the ATS created a Committee on Lung 
Cancer in order to draw up a “map” of regional 
lymph nodes meeting the requirements of all 
medical specialties concerned with lung cancer 
[32]. The guidelines for the development of the clas-
sification were: avoid using the terms “mediastinal” 
and “hilar” since they are not specific from the 
anatomicoclinical viewpoint; use the relationships 
with the main anatomical structures identifiable 
by mediastinoscopy (hence, on the right side: in-
nominate artery, trachea, azygos vein, right main 
bronchus, origin of the right superior lobe bronchus, 
carina; on the left side: aorta, left pulmonary artery, 
ligamentum arteriosum, left main bronchus); and 
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8.  Paraesophageal nodes. Nodes dorsal to the 
posterior wall of the trachea and to the right 
or left of the esophageal midline. Retrotrache-
al but not subcarinal nodes are included.

9.  Right or left pulmonary ligament nodes. 
Nodes within the right or left pulmonary liga-
ment.

10R.  Right tracheobronchial nodes. Nodes to the 
right of the tracheal midline from the level of 
the cephalic margin of the azygos vein to the 
origin of the right superior lobe bronchus.

10L.  Left peribronchial nodes. Nodes to the left of 
the tracheal midline between the carina and 
the left superior lobe bronchus, medial to the 
ligamentum arteriosum.

11.  Intrapulmonary nodes. Nodes removed in 
the right or left lung specimen plus those dis-
tal to the main bronchus. Interlobar, lobar, and 
segmental nodes are included. In post-thora-
cotomy staging they may be subdivided into 
stations 11, 12, and 13, according to the AJCC 
classification.

In practice, the revisions to the AJCC classifications 
were as follows:

Stations 1, 2, 3, 5, 6, 7, 8, and 9 of the AJCC clas- –
sifications have remained largely unchanged, 
but some have been renamed to adhere to the 
established guidelines.
The pleural reflection is not taken as reference  –
in the ATS classification because it is deemed 
not fixed and not radiologically identifiable.
The use of fixed anatomical landmarks is very  –
helpful to distinguish lymph nodes in critical 
areas such as stations 4 and 10 (for example, 
4R and 10R are separated by the azygos vein, 
while 4L and 10L are separated by the level of 
the carina).

A comparison between the two classifications is 
provided in Table 2.2 [32].

Ten years after these classifications were present-

favor the margins that can be visualized on a stan-
dard chest X-ray or CT scan.

The following definitions of regional lymph node 
stations for prethoracotomy staging were proposed:
X. Supraclavicular nodes.
2R.  Right upper paratracheal (suprainnominate) 

nodes. Nodes to the right of the midline of the 
trachea between the intersection of the caudal 
margin of the innominate artery with the tra-
chea and the apex of the lung. Highest right 
mediastinal nodes are included in this station.

2L.  Left upper paratracheal (supra-aortic) nodes. 
Nodes to the left of the midline of the trachea 
between the upper margin of the aortic arch 
and the apex of the lung. Highest left mediasti-
nal nodes are included in this station.

4R.  Right lower paratracheal nodes. Nodes to the 
right of the midline of the trachea between the 
cephalic margin of the azygos vein and the in-
tersection of the caudal margin of the brachio-
cephalic artery with the right side of the tra-
chea. Some pretracheal and paracaval nodes 
are included in this station.

4L.  Left lower paratracheal nodes. Nodes to the 
left of the midline of the trachea between the 
upper margin of the aortic arch and the level 
of the carina, medial to the ligamentum arte-
riosum. Some pretracheal nodes are included 
in this station.

5.  Aortopulmonary nodes. Subaortic and para-
aortic nodes, lateral to the ligamentum arte-
riosum or the aorta or left pulmonary artery, 
proximal to the first branch of the left pulmo-
nary artery.

6.  Anterior mediastinal nodes. Nodes anterior 
to the ascending aorta or the innominate ar-
tery. Some pretracheal and preaortic nodes are 
included.

7.  Subcarinal nodes. Nodes situated caudal to 
the tracheal carina but not associated with the 
inferior lobe bronchus or the arteries within 
the lung.
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ed, the two systems were unified in the modified 
classification of Naruke/ATS–LCSG. This classifica-
tion was adopted by the AJCC and by the UICC in 
1996.

In 1997 Mountain and Dresler [39, 40] published 
the final version, which provides the anatomical 
boundaries of the lymph node stations (Fig. 2.2). 
This classification has had the merit of harmoniz-
ing the language of surgeons and pathologists in de-
scribing the locoregional spread of lung cancer.

The Mountain/Dresler unified classification in-
cludes 14 lymph node stations, identified by name 
and number (Table 2.3). The lymph node stations 
considered are those contained within the medi-
astinal pleural reflection (called N2) and the hilar 
and intrapulmonary lymph nodes (called N1). N2 
nodes include three groups: superior mediastinal 
nodes (1–4), aortic nodes (5, 6), and inferior me-
diastinal nodes (7–9). The stations are bilateral (left 
and right) apart from the highest mediastinal, pre-

vascular and retrotracheal, para-aortic, subcarinal, 
and paraesophageal nodes.

In addition to the classifications illustrated above, 
other classifications have been developed by scien-
tific societies [41, 42] or groups of physicians [43]. 
Among these, the classification of the Japanese So-
ciety for Esophageal Disease [41] has become quite 
well known.
105. Upper thoracic paraesophageal nodes. Lat-

eral to the upper thoracic esophagus, between 
the upper margin of the sternum and the tra-
cheal bifurcation.

106. Thoracic paratracheal nodes. Lateral to the 
thoracic trachea.

107. Bifurcation nodes. Anterior to the esophagus, 
caudal to the tracheal bifurcation, and down to 
the level of bifurcation of the main bronchi.

108. Middle thoracic paraesophageal nodes. 
Lateral and anterior to the middle thoracic 
esophagus (proximal portion between the 

Table 2.2 – Comparison between AJCC and ATS classifications

Nodal 
station

AJCC classification ATS classification

1 Highest mediastinal nodes Included in station 2

2 Upper paratracheal nodes Basically unchanged

3 Pretracheal and retrotracheal nodes If pretracheal, included in stations 2, 4, or 6 depending on anatomical 
location; if retrotracheal, they are included in station 8

4 Lower paratracheal nodes The boundaries of this “critical” station are defined

5 Subaortic nodes Called aortopulmonary to include the lymph nodes along the lateral as-
pect of the aorta and the main or left pulmonary artery and the nodes 
of the aortopulmonary window

6 Para-aortic nodes Called anterior mediastinal nodes; they include some pretracheal and 
preaortic nodes

7 Subcarinal nodes Unchanged

8 Paraesophageal nodes Unchanged

9 Pulmonary ligament nodes Unchanged

10 Hilar nodes Called peribronchial on the left side and tracheobronchial on the right 
side

11 Interlobar nodes Classified as intrapulmonary

12 Lobar nodes Included in station 11

13 Segmental nodes Included in station 11
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tracheal bifurcation and the esophagogastric 
junction).

109. Pulmonary hilar nodes. In the pulmonary 
hila around the vessels and main bronchi, after 
their bifurcation.

110. Lower thoracic paraesophageal nodes. Lat-
eral and anterior to the lower thoracic esopha-
gus (distal portion between the tracheal bifur-
cation and the esophagogastric junction).

111. Diaphragmatic lymph nodes. Located around 
the esophageal hiatus for 5 cm.

112. Posterior mediastinal nodes. Posterior to the 
esophagus, around the thoracic artery.

This classification was modified and supplemented 
in 1990 by Akiyama [44] who proposed the subdivi-
sion of esophageal lymph nodes into seven groups:

Cervical lymph nodes1. 
Deep lateral nodes (spinal accessory nerve  •
chain or level VB)
Deep external nodes (or level IV, lateral to the  •
internal jugular vein, including inferiorly the 
supraclavicular nodes)
Deep internal nodes (or level VI, medial to the  •
jugular vein)

Superior mediastinal nodes2. 
Recurrent laryngeal nerve lymphatic chain •

Fig. 2.2 AJCC/UICC classification 
by Mountain and Dresler. Mountain CF 
and Dresler CM (1997) [40]
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Table 2.3 – AJCC/UICC classification by Mountain and Dresler

Nodal station Description

Superior mediastinal nodes

1 Highest mediastinal nodes Nodes lying above a horizontal line at the upper rim of the brachiocephalic (left 
innominate) vein where it ascends to the left, crossing in front of the trachea at 
its midline

2 Upper paratracheal nodes Nodes lying above a horizontal line drawn tangential to the upper margin of 
the aortic arch and below the inferior margin of no. 1 nodes

3 Prevascular and retrotracheal nodes May be designated 3A and 3P

4 Lower paratracheal nodes Nodes on the right: Located to the right of the midline of the trachea between 
a horizontal line drawn tangential to the upper margin of the aortic arch and a 
line extending across the right main bronchus at the upper margin of the upper 
lobe bronchus 
Nodes on the left: Lie to the left of the midline of the trachea between a hori-
zontal line drawn tangential to the upper margin of the aortic arch and a line 
extending across the left main bronchus at the level of the upper margin of the 
left upper lobe bronchus 
They are both contained within the mediastinal pleura. For study purposes 
lower paratracheal nodes can be divided into superior (4s) and inferior (4i). 
No. 4s nodes are defined by a horizontal line extending across the trachea and 
drawn tangential to the cephalic margin of the azygos vein. No. 4i nodes are 
defined by the lower margin of no. 4s and the caudal margin of no. 4

Aortic nodes

5 Subaortic nodes (aortopulmonary 
window)

Subaortic nodes are lateral to the ligamentum arteriosum or the aorta or left 
pulmonary artery and proximal to the first branch of the left pulmonary artery 
and lie within the mediastinal pleural envelope

6 Para-aortic nodes (ascending aorta or 
phrenic)

Nodes lying anterior and lateral to the ascending aorta and the aortic arch or 
the innominate artery, caudal to a line tangential to the aortic arch

Inferior mediastinal nodes

7 Subcarinal nodes Nodes lying caudal to the tracheal carina, but not associated with the lower 
lobe bronchi or arteries within the lung

8 Paraesophageal nodes (below the 
carina)

Nodes lying adjacent to the esophageal wall and to the right or left of the mid-
line, excluding subcarinal nodes

9 Pulmonary ligament nodes Nodes lying within the pulmonary ligament, including those in the posterior 
wall and lower inferior pulmonary vein

N1 nodes

10 Hilar nodes The proximal lobar nodes, distal to the mediastinal pleural reflection and the 
nodes adjacent to the bronchus intermedius on the right

11 Interlobar nodes Nodes lying between the lobar bronchi

12 Lobar nodes Nodes adjacent to the distal lobar bronchi

13 Segmental nodes Nodes adjacent to the segmental bronchi

14 Subsegmental nodes Nodes adjacent to the subsegmental bronchi

Source: Mountain CF and Dresler CM (1997) [40]
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cer sites, and analysis of survival with respect to the 
involvement of the various lymph node stations.

In 1998 the JRSGC was transformed into the 
Japanese Gastric Cancer Association (JGCA) and 
the 13th edition of the General Rules [48] was pub-
lished, together with the second English edition 
of the JGCA classification [49]. Both publications 
introduced changes in gastric cancer staging, spe-
cifically as regards pathological staging and lymph 
node dissection [50]. The previous four-group clas-
sification system was replaced by a system including 
three groups distinguished in accordance with the 
gastric site of the primary cancer; a more accurate 
definition of lymph node groups 11 and 12 was pro-

Paratracheal nodes •
Nodes of brachiocephalic trunk •
Paraesophageal nodes •
Nodes of infra-aortic arch •

Middle mediastinal nodes3. 
Nodes of tracheal bifurcation •
Pulmonary hilar nodes •
Paraesophageal nodes •

Lower mediastinal nodes4. 
Paraesophageal nodes •
Diaphragmatic nodes •

Superior gastric lymph nodes5. 
Paracardiac nodes •
Nodes of lesser curvature •
Nodes of left gastric artery •

Celiac trunk nodes6. 
Common hepatic artery nodes7. 

To help characterize the nodes of the esophageal 
region, the Radiation Therapy Oncology Group 
(RTOG) proposed a classification [45] simply add-
ing new lymph node stations to the already known 
ones for lung cancer staging (Table 2.4).

2.3 Upper Abdominal Region

The first detailed description of upper abdominal 
region nodes was provided by Rouvière [3].

In 1962 the Japanese Research Society for Gastric 
Cancer (JRSGC) published in Japanese the General 
Rules for Gastric Cancer Study, which were used by 
surgeons and oncologists for about 30 years with 
several new editions. The first English edition [46] 
was published in 1995 and was based on the 12th 
Japanese edition of the General Rules [47].

These publications introduced a classification 
of the lymph node stations draining the stomach. 
These lymph nodes are numbered from 1 to 16 and 
are classified into four groups according to the loca-
tion of the primary cancer site. Definition of these 
groups derived from the results of studies on lym-
phatic spread patterns from different primary can-

Table 2.4 – RTOG classification of lymph nodes drain-
ing esophageal cancer

Station Description

1 Supraclavicular nodes

2R Right upper paratracheal nodes

2L Left upper paratracheal nodes

3P Posterior mediastinal nodes

4R Right lower paratracheal nodes

4L Left lower paratracheal nodes

5 Aortopulmonary nodes

6 Anterior mediastinal nodes

7 Subcarinal nodes

8M Middle paraesophageal nodes

8L Lower paraesophageal nodes

9 Pulmonary ligament nodes

10R Right tracheobronchial nodes

10L Left tracheobronchial nodes

15 Diaphragmatic nodes

16 Paracardiac nodes

17 Left gastric artery nodes

18 Common hepatic artery nodes

19 Splenic artery nodes

20 Celiac nodes
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vided; and a new lymph node dissection classifica-
tion was proposed based on the lymph node groups 
removed (D0-D1-D2-D3).

Lymph node stations according to the Japanese 
classification are shown in Fig. 2.3 and listed in Ta-
ble 2.5, while their subdivision into three groups is 
shown in Table 2.6.

Also for pancreatic, biliary, and hepatic regions, 
lymph node classifications have been published by 
the respective Japanese societies (the Japan Pan-

creas Society [51], the Liver Cancer Study Group of 
Japan [52], and the Japanese Society of Biliary Sur-
gery) and the associated staging systems for tumors 
of the pancreas, of the hepatic and extrahepatic bil-
iary tracts, and of the liver have been subsequently 
modified [53–56].

For instance, the Japan Pancreas Society pub-
lished the first English edition of the Classification of 
Pancreatic Carcinoma in 1996 [56]. This edition was 
based on the fourth Japanese edition of the General 

Fig. 2.3 a,b Illustration of the classification of regional lymph 
nodes of the stomach according to the Japanese Gastric Cancer 
Association. a Anterior view with cross-section of stomach and 
pancreas. b Detail of the location of the lymph nodes around the 

abdominal aorta. c Detail of the location of lymph nodes in the 
esophageal hiatus of the diaphragm, of the infradiaphragmatic 
nodes and para-aortic nodes. Japanese Gastric Cancer Associa-
tion (1998) [49]
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Table 2.5 – Classification of regional lymph nodes of the stomach according to the Japanese Gastric Cancer As-
sociation (JGCA)

Name Description

1 Right paracardial nodes Located at the level of the esophagogastric junction, along the branch of the 
left gastric artery

2 Left paracardial nodes Located to the left of the cardia. They also include the lymph nodes around 
the cardioesophageal branches of the inferior diaphragmatic artery

3 Nodes along the lesser gastric curvature On the lesser curvature of the stomach, along the lower branch of the left 
gastric artery

4 Nodes along the greater gastric curvature Located around the gastroepiploic arteries, they are therefore located close 
to the greater curvature of the stomach; they are subdivided, based on 
blood flow, into right-side nodes (4d nodes along the right gastroepiploic 
vessels), around the right epiploic artery beyond the level of the first collat-
eral leading to the stomach, and left-side nodes (4s). The left-side nodes are 
further subdivided into proximal (4sa nodes along the short gastric ves-
sels), located at the level of the short vessels, and distal (4sb nodes along 
the left gastroepiploic vessels), located along the left gastroepiploic artery

5 Suprapyloric nodes Located around the right gastric artery and close to the upper pylorus, 
downward lymph nodes 3

6 Subpyloric nodes Located at the level of the lower pylorus and around the right gastroepiploic 
artery, from its point of origin to the origin of the lateral branch heading 
toward the greater gastric curvature

7 Nodes along the left gastric artery Located at the level of the left gastric artery, between its origin from the 
celiac trunk and its left end at the level of the stomach, where it divides into 
its two terminal branches

8 Nodes along the common hepatic artery Located along the common hepatic artery, from its point of origin to the 
hepatic artery, at the point of origin of the gastroduodenal artery; they are 
subdivided into: 
– 8a anterosuperior group 
– 8p posterior group

9 Nodes around the celiac artery Located around the celiac trunk; they include the lymph nodes around the 
origins of the hepatic artery and splenic artery

10 Nodes at the splenic hilum Located at the level of the splenic hilum, beyond the tail of the pancreas; 
they are separated from lymph nodes 4sb through the first gastric collateral 
of the gastroepiploic artery

11 Nodes along the splenic artery They include the lymph nodes located along the splenic artery, the celiac 
trunk, and the final portion of the tail of pancreas; they are subdivided into: 
– 11p proximal 
– 11d distal

12 Nodes of hepatoduodenal ligament They are divided into three subgroups: 
– 12a along the hepatic artery, located at the level of the upper left of the 
hepatic pedicle and of the hepatic artery proper 
– 12b along the bile duct, on the right side of the common hepatic artery 
and the lower common bile duct 
– 12p behind the portal vein, located posterior to the portal vein

13 Posterior pancreaticoduodenal nodes Located on the posterior aspect of the head of the pancreas

14a Nodes along the superior mesenteric 
artery

Located along the superior mesenteric artery, at the root of the mesentery

14v Nodes along the superior mesenteric vein Located along the superior mesenteric vein, at the root of the mesentery

15 Nodes along the middle colic vessels Located around the middle colic artery
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Table 2.5 – (continued) Classification of regional lymph nodes of the stomach according to the Japanese Gastric 
Cancer Association (JGCA)

Name Description

16a1 Nodes of the aortic hiatus

They include the lymph nodes around the abdominal aorta; they are 
bordered laterally by the corresponding renal hila

16a2 Nodes around the abdominal aorta (from 
the upper margin of the celiac trunk to the 
lower margin of the left renal vein)

16b1 Nodes around the abdominal aorta (from 
the lower margin of the left renal vein to 
the upper margin of the inferior mesen-
teric artery)

16b2 Nodes around the abdominal aorta (from 
the upper margin of the inferior mesen-
teric artery to the aortic bifurcation)

17 Nodes on the anterior aspect of the pan-
creatic head

Located on to the anterior aspect of the head of the pancreas

18 Nodes along the inferior margin of the 
pancreas

Located along the inferior margin of the pancreas

19 Infradiaphragmatic nodes Located below the diaphragm

20 Nodes of the esophageal hiatus of the 
diaphragm

Included in the Japanese stomach tumor classification when invasion of 
the esophagus occurs

110 Paraesophageal nodes of the lower chest

111 Supradiaphragmatic nodes

112 Posterior mediastinal nodes

Table 2.6 – Groupings of the regional lymph nodes of the stomach (groups 1–3) according to the Japanese Gastric 
Cancer Association

Lymph nodes Location

LMU/MUL
MLU/UML

LD/L LM/M/ML MU/UM U E+

1 Right paracardial nodes 1 2 1 1 1

2 Left paracardial nodes 1 Met 3 1 1

3 Nodes along the lesser curvature 1 1 1 1 1

4sa Nodes along the short gastric vessels 1 Met 3 1 1

4sb Nodes along the left gastroepiploic vessels 1 3 1 1 1

4d Nodes along the right gastroepiploic vessels 1 1 1 1 2

5 Suprapyloric nodes 1 1 1 1 3

6 Infrapyloric nodes 1 1 1 1 3

7 Nodes along the left gastric artery 2 2 2 2 2

Met: lymph nodes regarded as distant metastasis, 
E+: lymph node stations reclassified in case of esophageal invasion, 
U, M, L, D: indicate the different parts of the stomach (U upper third, M middle third, L lower third) and invasion sites (D 

duodenum). If more than one side of the stomach is involved, the different sides must be listed by decreasing degree of 
involvement, with the first letter indicating the side in which the bulky tumor is located

Source: Japanese Gastric Cancer Association (1998) [49]
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Table 2.6 – (continued) Groupings of the regional lymph nodes of the stomach (groups 1–3) according to the Japa-
nese Gastric Cancer Association

Lymph nodes Location

LMU/MUL
MLU/UML

LD/L LM/M/ML MU/UM U E+

8a Nodes along the common hepatic artery (anterosuperior 
group)

2 2 2 2 2

8b Nodes along the common hepatic artery (posterior group) 3 3 3 3 3

9 Nodes around the celiac artery 2 2 2 2 2

10 Nodes at the splenic hilum 2 Met 3 2 2

11p Nodes along the proximal splenic artery 2 2 2 2 2

11d Nodes along the distal splenic artery 2 Met 3 2 2

12a Nodes of the hepatoduodenal ligament (along the hepatic 
artery)

2 2 2 2 3

12b Nodes of the hepatoduodenal ligament (along the bile 
duct)

3 3 3 3 3

12p Nodes of the hepatoduodenal ligament (behind the portal 
vein)

3 3 3 3 3

13 Nodes on the posterior aspect of the pancreatic head 3 3 3 Met Met

14a Nodes along the superior mesenteric artery Met Met Met Met Met

14v Nodes along the superior mesenteric vein 2 2 3 3 Met

15 Nodes along the middle colic vessels Met Met Met Met Met

16a1 Nodes of the aortic hiatus Met Met Met Met Met

16a2 Nodes around the abdominal aorta (from the upper 
margin of the celiac trunk to the lower margin of the left 
renal vein)

3 3 3 3 3

16b1 Nodes around the abdominal aorta (from the lower margin 
of the left renal vein to the upper margin of the inferior 
mesenteric artery)

3 3 3 3 3

16b2 Nodes around the abdominal aorta (from the upper mar-
gin of the inferior mesenteric artery to the aortic bifurca-
tion)

Met Met Met Met Met

17 Nodes on the anterior aspect of the pancreatic head Met Met Met Met Met

18 Nodes along the inferior margin of the pancreas Met Met Met Met Met

19 Infradiaphragmatic nodes 3 Met Met 3 3 2

20 Nodes in the esophageal hiatus of the diaphragm 3 Met Met 3 3 1

110 Paraesophageal nodes in the lower chest Met Met Met Met Met 3

111 Supradiaphragmatic nodes Met Met Met Met Met 3

112 Posterior mediastinal nodes Met Met Met Met Met 3

Met: lymph nodes regarded as distant metastasis, 
E+: lymph node stations reclassified in case of esophageal invasion, 
U, M, L, D: indicate the different parts of the stomach (U upper third, M middle third, L lower third) and invasion sites 

(D  duodenum). If more than one side of the stomach is involved, the different sides must be listed by decreasing degree of 
involvement, with the first letter indicating the side in which the bulky tumor is located

Source: Japanese Gastric Cancer Association (1998) [49]



2Lymph Node Classification

25

Rules for the Study of Pancreatic Cancer published in 
1993 [55] (the previous Japanese editions had been 
published in 1980 [51], 1982 [53], and 1986 [54]). In 
1997, the Review Committee of the General Rules 
for the Study of Pancreatic Cancer made a compari-
son between the Japanese classification and the fifth 
edition of the UICC classification [57]. On this basis, 
it started preparing the fifth edition of the General 
Rules, taking into consideration the limitations and 
advantages of both classifications. Unfortunately, 
when in 2002 the fifth edition of the General Rules 
was published, at the same time the sixth edition of 
the UICC classification was released, and it was not 
possible to include in the new General Rules [58, 
59] the changes introduced in the latest edition of 
the UICC classification.

The classifications proposed do not differ as to 
the nomenclature and numbering from the classifi-
cation of lymph node stations of the stomach, which 
we have therefore taken as reference for the entire 
upper abdominal region. For instance, the classi-
fication of the main lymph node stations draining 
the pancreas includes lymph nodes already listed for 
gastric cancer from 5 to 18 (Fig. 2.4) [60, 61]. The 

only difference is that some lymph node groups are 
further subdivided, specifically:

Lymph nodes 12 •  (nodes of the hepatoduodenal 
ligament) are further subdivided into:

12a1 and 12a2, 12b1 and 12b2, 12p1 and  –
12p2 (where numbers 1 and 2 differentiate 
the lymph nodes into superior and inferior 
groups, respectively)

Lymph nodes 13 •  (posterior pancreaticoduode-
nal) are further subdivided into:

13a (superior group) and 13b (inferior group) –
Lymph nodes 14 •  (nodes along the superior mes-
enteric artery) are further subdivided into:

14a: Nodes at the origin of the superior mes- –
enteric artery
14b: Nodes at the origin of the inferior pan- –
creaticoduodenal artery
14c: Nodes at the origin of the middle colic  –
artery
14d: Nodes at the origin of the jejunal arteries –

Lymph nodes 17 •  (anterior pancreaticoduodenal) 
are further subdivided into:

17a (superior group) and 17b (inferior group) –

Fig. 2.4 Main lymph node sta-
tions draining the pancreas. SMA 
superior mesenteric artery, IPD 
inferior pancreatoduodenal artery, 
MC middle colic artery, J jejunal 
artery. Adapted from Pedrazzoli S, 
Beger HG, Obertop H et al. (1999) 
[61]
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narrow, making it difficult to evaluate the anatomi-
cal boundaries of individual lymph node stations; 
detailed pathological examination of these lymph 
nodes is moreover altered by infiltrating fatty and 
fibrous tissue and by inflammation.

As for the lymph nodes draining the female geni-
talia, after the initial description of the lymphatic 
system made by Reiffenstuhl [62] in 1964 and Plentl 
and Friedman [63] in 1971, an attempt to establish a 
classification of the lymph nodes of interest to gyne-
cological oncology was made by Mangan et al. [64]. 
These authors proposed a system including nine 
major lymph node groups:

Group 1. Para-aortic lymph nodes •
Group 2. Common iliac lymph nodes •

2.4 Pelvic Region

As mentioned by Gregoire [6], lymph drainage of 
the pelvis has been described in anatomy and sur-
gery textbooks but, unlike other anatomical re-
gions, such as the head and neck and mediastinum 
regions, there is no universally accepted classifica-
tion. The lack of a standard nomenclature largely 
derives from the technical difficulties involved in 
the identification, surgical dissection, and anatomi-
copathological evaluation of pelvic lymph nodes. 
For instance, the nodes located along the pelvic 
walls are continuously connected to the internal and 
external iliac vessels and therefore cannot be char-
acterized distinctly. Moreover, the surgical field is 

Table 2.7 – Subdivision of paraaortic and pelvic lymph nodes

Type Description

Para-aortic lymph nodes

Paracaval nodes Located to the right of the vena cava

Precaval nodes Located anterior to the vena cava

Postcaval nodes Located posterior to the vena cava when the vein is mobilized to the left

Deep intercavoaortic nodes To the right of the aorta, between the aorta and the vena cava, above the lumbar vessels

Superficial intercavoaortic nodes To the right of the aorta, between the aorta and the vena cava, below the lumbar vessels

Preaortic nodes Anterior to the aorta

Para-aortic nodes Lateral to the aorta

Postaortic nodes Posterior to the aorta

Pelvic lymph nodes

Common iliac nodes Around the common iliac vessels

– Medial subgroup

– Superficial lateral subgroup

– Deep lateral subgroup In a space delimited laterally by the psoas muscle, medially by the common iliac vein 
and by the two iliolumbar veins, and posteriorly by the ischiatic nerve and by the origin 
of the obturator nerve

External iliac nodes

Internal iliac nodes

Deep obturator nodes

Superficial obturator nodes

Presacral nodes

Parametrial nodes
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Groups 3 and 4. External iliac lymph nodes •
Group 5. Obturator lymph nodes •
Group 6. Inferior gluteal lymph nodes •
Group 7. Hypogastric lymph nodes (internal  •
iliac)
Groups 8 and 9. Presacral lymph nodes •

While these studies played a key role for the un-
derstanding of the lymphatic pathways of ovarian 
tumors, this classification was not widely adopted. 
In 1992 a study was published on pelvic and para-

aortic lymph node dissection in patients affected 
by gynecological tumors, in order to evaluate the 
number of nodes present in each lymph node group 
and review existing nomenclature [65]. This study 
divided para-aortic nodes into eight groups and pel-
vic nodes into seven groups (Table 2.7).

We agree with Gregoire [6] in believing that the 
pelvic lymph node classification most suitable for 
radiotherapy planning is the one that associates 
lymph node groups with the distribution of the 
main arteries. For this classification, see Chapter 1.
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3Anatomicoradiological Boundaries

With the introduction in clinical practice of new 
radiological imaging techniques such as computed 
tomography (CT) and magnetic resonance imaging 
(MRI) the need was felt to transfer onto CT scans 
the anatomical boundaries of lymph node stations 
as described by surgeons.

Computed tomography images are not always 
able to visualize what the surgeon has described; 
however, by means of identifiable structures, they 
provide anatomicoradiological references for the 
identification of lymph node sites.

Specifically, progress in radiotherapy technology 
and the introduction of conformational techniques 
have made it necessary to provide exact definition 
of the boundaries of anatomical structures which 
are sites of macroscopic or microscopic tumors. 
In this regard, a landmark guide is provided by the 
volume published by Gregoire, Scalliet, and Ang in 
2004 [6] which defines the criteria for appropriate 
definition of clinical target volumes (CTVs) [7, 8] 
in modern conformal radiotherapy and in intensity 
modulated radiation therapy (IMRT). In Italy, again 
in 2004, Valentini et al. developed a software tool 
called TIGER (Tutorial for Image Guided External 
Radiotherapy) [66] intended as a contouring train-
ing tool and based on the set of images of the Vis-
ible Human Project, with the purpose of facilitating 
the interpretation of CT images and, especially, the 
contouring of radiotherapy volumes.

Based on our experience, for the four anatomi-
cal regions considered, we report the anatomicora-
diological boundaries for identifying lymph node 
structures.

3.1 Head and Neck Region

Definition of the nodal neck levels and related ana-
tomical boundaries described by Robbins were orig-
inally proposed for surgical procedures and are not 
always easily identifiable on CT scans. Adapting the 
anatomicosurgical boundaries in order to identify 
CTVs for radiotherapy is neither simple nor easy. 
Moreover, in radiotherapy the neck is immobilized 
without rotation of the head, while in surgery the 
position of the neck can be rotated.

In 1999, a group of authors from the school of Rot-
terdam [67] addressed the issue of CT-based defini-
tion of target volumes for stage N0 of the neck and 
published an initial transposition of the boundaries 
of the six surgical levels of the neck on CT scans, 
based on an anatomical study of human cadavers. 
In the same year, other authors also published their 
contributions to this topic, in particular, Som [68, 
69], a radiologist and member of the committee of 
the AHNS for the 1998 revision of the 1991 AAO-
HNS classification. Som attempted to introduce 
boundaries for the nodal levels of the Robbins clas-
sification that would be easily visible in radiological 
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ces between their respective contouring guidelines 
[77]. An interdisciplinary working group was creat-
ed, including members from both the original Brus-
sels and Rotterdam groups. At the end of 2003, the 
group published its “consensus guidelines” which 
have been endorsed by the major European and 
American scientific societies (RTOG, EORTC, GO-
ERTEC, NCIC, and DAHANCA) (Table 3.1) [78].

The radiological boundaries for delineation of 
nodal levels have been validated surgically, and a 
correspondence was observed between radiologi-
cal and surgical boundaries, except for the posterior 
edge of level IIa (whose surgical edge is defined by 
the spinal accessory nerve, while the radiological 
edge is defined by the internal jugular vein) [79].

Based on the validation of these guidelines, for 
nodal neck contouring, we adopted the radiologi-
cal boundaries of the “consensus guidelines” (Ta-
ble 3.1).

3.2 Mediastinal Region

Currently, the regional lymph node classification 
for lung cancer staging, recommended for radia-
tion therapy planning [80], is the 1996 AJCC-UICC 
classification by Mountain and Dresler [40]. These 
authors mapped nodal stations describing them 
with the help of anatomical boundaries and four 
lines having the function of marking the craniocau-
dal border of some of the nodal stations classified 
(Fig. 3.1):

Line 1. •  Horizontal, at the upper rim of the bra-
chiocephalic (left innominate) vein, where it as-
cends to the left, crossing in front of the trachea 
at its midline
Line 2. •  Horizontal, tangential to the upper edge 
of the aortic arch
Line 3. •  Extending across the right main bron-
chus at the upper edge of the right upper lobe 
bronchus
Line 4. •  Extending across the left main bronchus 
at the upper edge of the left upper lobe bronchus

imaging (CT and MRI), in order to provide a system 
which, being consistent with that established in the 
previous literature, could unify anatomical imaging 
criteria with the AJCC and AAO-HNS nodal clas-
sifications and clarify some uncertainties.

In the same period, several atlases of cross-sec-
tional radiological anatomy of head and neck nodes 
were published; however, these failed to define the 
boundaries of the various nodal regions [70–72].

In 2000, Gregoire [26] published guidelines for 
the selection and delineation of lymph node target 
volumes in head and neck tumor patients, and pro-
vided recommendations for nodal station contour-
ing in that region. He used the surgical classification 
in levels (adding retropharyngeal lymph nodes), but 
converting the anatomical boundaries into radio-
logical boundaries, which can be identified more 
easily on CT or MRI than those of the surgical field. 
These recommendations are based on the radiologi-
cal classification proposed by Som et al. [68] and 
modified by Robbins [21] and agree fairly well with 
those proposed by Nowak [67].

The studies of Nowak and Levendag (Rotterdam) 
and Gregoire (Brussels), were followed by further 
studies which added the anatomical margins of the 
nodal levels of the neck on CT scans [73, 74]. In It-
aly the Lombardia Cooperative Group of the Italian 
Society of Radiation Oncology (Associazione Itali-
ana di Radioterapia Oncologica, AIRO) proposed 
guidelines for delineation of head and neck nodes 
on axial CT images [75, 76].

The contouring guidelines of the schools of Brus-
sels and Rotterdam were the most commonly used 
in radiotherapy, but presented some differences in 
terms of boundaries and sizes; consequently, the 
need was felt to unify terminology and recommen-
dations for contouring the individual nodal stations. 
The main differences between the two systems con-
cerned the definition of the cranial edge of levels II 
and V, the posterior edge of levels II, III, IV, and V, 
and the caudal edge of level VI.

Thus, the two groups have resolved the differen-
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Table 3.1 – Boundaries of neck node levels according to the 2003 consensus guidelines

Level Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

Ia Geniohyoid m., 
plane tangent to 
basilar edge of 
mandible

Plane tangent 
to body of hyoid 
bone

n.a.a Medial edge of 
ant. belly of digas-
tric m.

Symphysis menti, 
platysma m.

Body of hyoid 
boneb

Ib Mylohyoid m., 
cranial edge of 
submandibular 
gland

Plane through 
central part of 
hyoid bone

Lateral edge of 
ant. belly of digas-
tric m.

Basilar edge/inner 
side of mandible, 
platysma m., skin

Symphysis menti, 
platysma m.

Posterior edge of 
submandibular 
gland

IIa Caudal edge of 
lateral process 
of C1

Caudal edge of 
the body of hyoid 
bone

Medial edge of 
int. carotid artery, 
paraspinal (levator 
scapulae) m.

Medial edge of 
sternocleidomas-
toid m.

Post. edge of 
submandibular 
gland; ant. edge of 
int. carotid artery; 
post. edge of post. 
belly of digastric 
m.

Post. border of 
int. jugular vein

IIb Caudal edge of 
lateral process 
of C1

Caudal edge of 
the body of hyoid 
bone

Medial edge of 
int. carotid artery, 
paraspinal (levator 
scapulae) m.

Medial edge of 
sternocleidomas-
toid m.

Post. border of int. 
jugular vein

Post. border of 
the sternocleido-
mastoid m.

III Caudal edge of 
the body of hyoid 
bone

Caudal edge of 
cricoid cartilage

Int. edge of carotid 
artery, paraspinal 
(scalene) m.

Medial edge of 
sternocleidomas-
toid m.

Posterolateral 
edge of the ster-
nohyoid m.; ant. 
edge of sterno-
cleidomastoid m.

Post. edge of the 
sternocleidomas-
toid m.

IV Caudal edge of 
cricoid cartilage

2 cm cranial to 
sternoclavicular 
joint

Medial edge of 
int. carotid artery, 
paraspinal (sca-
lene) m.

Medial edge of 
sternocleidomas-
toid m.

Anteromedial 
edge of sterno-
cleidomastoid m.

Post. edge of the 
sternocleidomas-
toid m.

V Cranial edge of 
body of hyoid 
bone

CT slice encom-
passing the 
transverse cervical 
vesselsc

Paraspinal (levator 
scapulae, splenius 
capitis) m.

Platysma m., skin Post. edge of the 
sternocleidomas-
toid m.

Anterolateral 
border of the 
trapezius m.

VI Caudal edge of 
body of thyroid 
cartilaged

Sternal manu-
brium

n. a. Medial edges of 
thyroid gland, skin 
and anteromedial 
edge of sterno-
cleidomastoid m.

Skin; platysma m. Separation 
between trachea 
and esophaguse

RP Base of skull Cranial edge of 
the body of hyoid 
bone

Midline Medial edge of int. 
carotid artery

Fascia under 
the pharyngeal 
mucosa

Prevertebral m. 
(longus colli, 
longus capitis)

a Midline structure lying between the medial borders of the anterior bellies of the digastric muscles
b  The insertion of the thyroid muscle is often interposed between level Ia and the body of the hyoid bone
c  For NPC, the reader is referred to the original description of the UICC/AJCC 1997 edition of the Ho’s triangle. In essence, 

the fatty planes below and around the clavicle down to the trapezius muscle
d For paratracheal and recurrent nodes, the cranial border is the caudal edge of the cricoid cartilage
e For pretracheal nodes, trachea and anterior edge of cricoid cartilage

Source: Modified from Gregoire V, Levendag P, Ang KK, et al. (2003) [78]
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station 8 based on our experience. To identify pul-
monary ligament nodes (stations 9R and 9L), hilar 
nodes (stations 10R and 10L), and interlobar nodes 
(stations 11R and 11L) we have preferred a non-
schematic description, provided here below:

Pulmonary ligament lymph nodes (stations 9R  •
and 9L) are paired lymph nodes, left and right, 
lying within the pulmonary ligaments. The re-
gion in which these nodes are located is difficult 
to identify on CT scan, since the pulmonary liga-
ment itself is not always clearly visible.
Hilar lymph nodes (stations 10R and 10L) •  are 
adjacent to the bifurcation of the main bronchus 
in left and right lobar bronchi. Their upper and 
lower limits are marked, respectively, by a plane 
cutting the main bronchi just below the carina 
and by a plane passing through the caudal limit of 
the main bronchi. These nodes are frequently lo-
cated between the right and left pulmonary arter-
ies and between the right and left main bronchi.
Interlobar lymph nodes (stations 11R and 11L) •  
are located in the fatty tissue lying between the 
lobar bronchi.

The cranial edge of these nodal stations is therefore 
provided by the appearance of lobar bronchi, while 
the caudal edge is provided by the further subdivi-
sion of the lobe bronchi on the axial plane.

Subsequently, Cymbalista [81] illustrated Moun-
tain’s classification on CT, to help radiologists famil-
iarize themselves with the new classification of the 
regional lymph nodes involved in lung cancer.

In 1999, an atlas of cross-sectional anatomy was 
published for the definition of nodal regions, includ-
ing mediastinal ones [72], and in 2004, Gregoire [6] 
indicated the anatomical boundaries for contouring 
four main nodal areas:

Parasternal1. 
Brachiocephalic2. 
Intertracheobronchial3. 
Posterior mediastinal4. 

Despite this, Mountain’s anatomical definitions of 
nodal stations are not fully explanatory for indi-
vidual nodal station contouring in conformal radio-
therapy.

In 2003, at the National Congress of the AIRO, 
Vinciguerra et al. presented a communication on 
the program for nodal CTV contouring using easily 
identifiable anatomical boundaries [82].

A similar study was conducted at the University 
of Michigan by an interdisciplinary working group, 
which proposed radiological boundaries in order to 
define on CT cross-sectional images the lymph node 
stations described by Mountain and Dresler [83].

Table 3.2 illustrates the anatomicoradiologi-
cal boundaries of mediastinal nodal stations up to 

Fig. 3.1 Graphic representation of the four main lines for 
checking mediastinal node stations
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Table 3.2 – Boundaries of the main mediastinal lymph node stations

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

1R Thoracic inleta Horizontal plane 
passing through 
line 1b

Trachea, thyroid Right lung, right 
common carotid 
artery

Right clavicle, 
right brachio-
cephalic vein, 
thyroid

Anterior limit of 
station 3P, right 
subclavian artery

1L Thoracic inleta Horizontal plane 
passing through 
line 1b

Trachea, thyroid Left lung Left subclavian 
vein, thyroid, 
left clavicle, left 
brachiocephalic 
vein

Anterior limit of 
station 3P, left 
subclavian artery, 
left common 
carotid artery

2R Horizontal plane 
passing through 
line 1b

Horizontal plane 
passing through 
line 2b

Trachea, brachio-
cephalic trunk, 
station 2L

Right lung, right 
subclavian artery

Brachiocephalic 
trunk, right bra-
chiocephalic vein, 
station 3A

Anterior limit of 
station 3P, trachea

2L Horizontal plane 
passing through 
line 1b

Horizontal plane 
passing through 
line 2b

Trachea, sta-
tion 2R

Left subclavian 
artery, left lung

Brachiocephalic 
trunk and left 
brachiocephalic 
vein

Anterior limit of 
station 3P, trachea

3A Horizontal plane 
tangential to the 
top of sternal 
manubrium

Horizontal plane 
passing through 
line 2b

– Right brachio-
cephalic vein, 
right and left lung

Sternum, clavicles Thyroid, brachio-
cephalic trunk, 
right and left 
brachiocephalic 
veins

3P Thoracic inleta Horizontal plane 
passing through 
carina

Esophagus Right and left 
lung, right and 
left subclavian 
artery, descend-
ing aorta

Trachea, 
station 1R, 
station 1L, 
station 2R, 
station 2L, sta-
tion 4R, station 4L

Esophagus, verte-
bral body

4R Horizontal plane 
passing through 
line 2b

Horizontal plane 
passing through 
line 3b

Aortic arch, tra-
chea, station 4L

Right lung, su-
perior vena cava, 
arch of the azygos

Right brachio-
cephalic vein, 
aortic arch, 
ascending aorta

Right anterior-
lateral wall of 
trachea, sta-
tion 3P, right main 
bronchus

4L Horizontal plane 
passing through 
line 2b

Horizontal plane 
passing through 
line 4b

Trachea, sta-
tion 4R

Aortic arch, left 
pulmonary artery, 
ligamentum 
arteriosum

Ascending aorta, 
right and left pul-
monary artery

Left anterior-
lateral wall of 
the trachea, 
descending aorta, 
station 3P, left 
main bronchus

5 Horizontal plane 
passing through 
inferior border of 
aortic arch

Horizontal plane 
passing through 
the most inferior 
aspect of left pul-
monary artery

Ligamentum 
arteriosum, 
ascending aorta, 
main pulmonary 
artery

Left lung Posterior limit of 
station 6

Descending aorta, 
left pulmonary 
artery

a The thoracic inlet marks the cervicothoracic junction. It can be represented by an imaginary plane tangential to the first rib 
and with oblique direction from the top downward and from the back toward the front

b For the definitions of the four main lines, see the text
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draining the stomach, numbered according to the 
Japanese classification, and the lymph node areas 
identified by Martinez-Monge [72] on CT images.

Table 3.3 lists the anatomicoradiological bound-
aries of lymph node stations defined on the basis of 
our contouring experience and based on the Japa-
nese classification.

3.4 Pelvic Region

In the past, several studies were carried out to evalu-
ate coverage of pelvic lymph node CTVs by radio-
therapy using the traditional four-field box tech-
nique. Greer et al. [85] suggested some anatomical 
boundaries for the definition of particular lymph 
node regions based on intraoperative measure-
ments: with respect to the sacral promontory, the 
aortic bifurcation is located 6.7 cm cranially; the bi-
furcation of the right common iliac artery is located 

3.3 Upper Abdominal Region

The experience with CTV contouring of tumors of 
the upper abdominal region is rather limited.

In 1999, a cross-sectional nodal atlas was pub-
lished for the definition of nodal regions, including 
those located in the upper abdominal regions [72].

Gregoire [6] described the different lymphatic 
drainage areas, and defined three main levels, IA, 
IIA, and IIIA, for the gastroenteric district:

Level IA • , “celiac level,” which he defines as lo-
cated in front of the T12 vertebra
Level IIA • , “superior mesenteric level,” located at 
the level of the L1 vertebra
Level IIIA • , “inferior mesenteric level,” located in 
front of the L3 vertebra

Recently, some authors [84] have described the 
correspondence between the lymph node stations 

Table 3.2 – (continued) Boundaries of the main mediastinal lymph node stations

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

6 Horizontal plane 
passing through 
line 2b

Horizontal plane 
passing through 
auricle of right 
atrium

– Right and left 
lung

Sternum Superior vena 
cava, left bra-
chiocephalic 
vein, aortic arch, 
ascending aorta, 
pulmonary trunk, 
station 5

7 Horizontal plane 
extending across 
the carina

Horizontal plane 
passing through 
the most inferior 
aspect of right 
pulmonary artery 
(where the two 
main bronchi are 
neatly separated)

– Medial wall of 
right and left 
main bronchi and 
of middle lobe 
bronchus

Right pulmonary 
artery

Esophagus, sta-
tion 8

8 Inferior limit of 
station 3P

Diaphragm – Descending 
aorta, right lung, 
azygos vein

Left atrium, 
esophagus, sta-
tion 7

Vertebral body

a The thoracic inlet marks the cervicothoracic junction. It can be represented by an imaginary plane tangential to the first rib 
and with oblique direction from the top downward and from the back toward the front

b For the definitions of the four main lines, see the text



3Anatomicoradiological Boundaries

35

Table 3.3 – Anatomicoradiological boundaries of lymph node stations of the upper abdominal region

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

1 Right paracar-
dial nodes

Plane through 
upper border of 
cardia (~T9–T10)

Plane through 
lower border of 
cardia (~T–
0–T11)

Cardia Liver (supe-
riorly), left 
diaphragmatic 
crus (inferiorly)

Liver Cardia 
(superiorly), 
abdominal 
aorta (inferi-
orly)

2 Left paracar-
dial nodes

Plane through 
upper border of 
cardia (~T9–T10)

Plane through 
lower border of 
cardia (~T–
0–T11)

Cardia Stomach Liver Cardia 
(superiorly), 
abdominal 
aorta (inferi-
orly)

3 Nodes along 
the lesser 
curvaturea

Plane through 
upper limit of 
the body and 
fundus of the 
stomach

Plane through 
lower limit of the 
body and fundus 
of the stomach

Left lobe of 
liver

Lesser gastric 
curvature

Fatty tissue Stomach

7 Nodes along 
the left gastric 
artery

4 Nodes along 
the greater 
gastric curva-
ture

Plane through 
upper limit of 
the body and 
fundus of the 
stomach

Plane through 
lower limit of 
body of stomach

Greater gastric 
curvature

Intestine 
and left colic 
(splenic) flexure

Intestine Spleen, an-
terior limit 
of station 10

5 Suprapyloric 
nodes

Plane through 
superior border 
of the pyloric 
region of the 
stomach

Plane through 
lower limit of the 
hepatic hilum

Fatty tissue Ascending 
colon or liver 
(near the bed of 
the gallbladder)

Intestine Pylorus

6 Infrapyloric 
nodes

Plane through 
upper limit of 
duodenum

1–1.5 cm caudal 
to the pylorus

Fatty tissue Right colic (he-
patic) flexure of 
the ascending 
colon or liver 
(near the bed of 
the gallbladder)

Intestine Duodenum

8 Nodes along 
the common 
hepatic artery

Horizontal plane 
through the 
origin of celiac 
trunk

Intervertebral 
space T11–T12

Celiac trunk 
region (superi-
orly), pancreas 
(inferiorly)

Liver Left lobe 
of liver 
(superiorly), 
antropyloric 
region (infe-
riorly)

Inferior vena 
cava

12 Nodes in the 
hepatoduode-
nal ligament

9 Nodes around 
the celiac 
artery

Horizontal plane 
through the 
origin of celiac 
trunk

Plane passing 
above the origin 
of the mesen-
teric vessels

– Liver (to the 
right), stomach 
(to the left)

Stomach Aorta

a Station 19 (infradiaphragmatic lymph nodes) has been considered together with station 3 (lymph nodes along the lesser 
curvature)

b Station 15 (nodes along the middle colic vessels) has been considered together with station 14 (nodes along the superior 
mesenteric vessels)
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Table 3.3 – (continued) Anatomicoradiological boundaries of lymph node stations of the upper abdominal region

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

10 Nodes at the 
splenic hilum

Superior limit 
of the vessels of 
splenic hilum

Lower limit of the 
vessels of splenic 
hilum

Body of 
stomach 
(superiorly), 
tail of pancreas 
(inferiorly)

Spleen Posterior limit 
of station 4

Spleen

11 Nodes along 
the splenic 
artery

Superior limit of 
splenic artery

Lower limit of 
splenic artery

Abdominal 
aorta

Fatty tissue Body of 
pancreas

Splenic 
hilum

13 Posterior pan-
creaticoduode-
nal nodes

Plane through 
superior border 
of the head of 
pancreas

Plane through 
lower border 
of the head of 
pancreas

Abdominal 
aorta

Descending 
(2nd) part of 
duodenum

Head of 
pancreas

Inferior vena 
cava

14 Nodes along 
the superior 
mesenteric 
vesselsb

Superior limit of 
mesenteric ves-
sels (~interspace 
T11–T12)

Plane through 
the origin of the 
superior mesen-
teric artery (~T12)

– Head of pan-
creas

Head and 
isthmus of 
the pancreas

Abdominal 
aorta

16 Nodes around 
the abdominal 
aorta

Plane through 
upper limit of 
the celiac trunk

Aortic division 
into iliac vessels

– – – Vertebral 
bodies

17 Anterior pan-
creaticoduode-
nal nodes

Plane through 
superior border 
of the head of 
pancreas

Plane through 
lower border 
of the head of 
pancreas

Intestine Superior (1st) 
and descending 
(2nd) part of 
duodenum

Intestine Head of 
pancreas

18 Nodes along 
the inferior 
margin of the 
pancreas

Plane through 
superior border 
of the body of 
pancreas

Caudal limit of 
the body and tail 
of pancreas

– – Head and tail 
of pancreas

Abdominal 
aorta, left 
kidney, and 
left suprare-
nal gland

20 Nodes in the 
esophageal 
hiatus of the 
diaphragm

Carina Esophageal 
hiatus of the 
diaphragm

– Right: lung 
(superiorly), in-
ferior vena cava 
(inferiorly) 
Left: left pul-
monary hilum 
(superiorly), 
thoracic and ab-
dominal aorta 
(inferiorly)

Bronchi 
(superiorly), 
heart and 
liver (inferi-
orly)

Vertebral 
bodies

110 Paraesopha-
geal nodes 
in the lower 
thorax

111 Supradiaphrag-
matic nodes

112 Posterior medi-
astinal nodes

a Station 19 (infradiaphragmatic lymph nodes) has been considered together with station 3 (lymph nodes along the lesser 
curvature)

b Station 15 (nodes along the middle colic vessels) has been considered together with station 14 (nodes along the superior 
mesenteric vessels)
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1.7 cm cranially; and the bifurcation of the left com-
mon iliac artery is located 1.4 cm cranially. Bonin 
et al. [86] using lymphangiography in patients with 
cancer of the uterine cervix, evaluated the mean dis-
tance between the position of pelvic lymph nodes 
and some landmarks on the pelvic bones.

Zunino et al. [87] also evaluated adequacy of 
CTV coverage in carcinoma of the uterine cervix 
obtained by the traditional box technique and, by 
means of an anatomical study on human cadavers, 
identified the aortic bifurcation and the position 
of the pelvic lymph nodes. These authors observed 
that the bifurcation of the aorta is located 3.5 cm (in 
5% of cases), 4 cm (20%), or 2.5 cm (15%) from the 
sacral promontory and that it is located at the level of 
the inferior edge of the L4 vertebra in 80% of cases.

The Martinez-Monge cross-sectional nodal atlas 
illustrates location of the pelvic lymph node regions 
[72] without providing explicit definition of the 
boundaries of the various nodal regions.

In order to define pelvic lymph node stations on 
CT scans, various authors have proposed guidelines 
taking vascular structures as points of reference. 
For instance, Roeske et al. [88] suggested contrast-
enhanced pelvic vessels plus a 2-cm margin to en-
sure coverage of the pelvic lymph nodes at risk or 
not directly visible on CT scans. Nutting et al. [89], 
on the other hand, defined pelvic lymph node CTV 
in patients with negative nodes by adding a 1-cm 
margin around the internal, external, and common 
iliac vessels.

Chao and Lin [90], to assist radiation oncologists 
in correct lymph node target delineation, carried 
out a study to determine the spatial orientation of 
para-aortic, pelvic, and inguinal lymph nodes on 
the basis of their relationship with the adjacent vas-
cular structures, using lymphangiography on CT 
images. Therefore:

The lymph nodes adjacent to the aorta and infe- •
rior vena cava, from vertebra T12 to the aortic 
bifurcation are called para-aortic.

The lymph nodes adjacent to the common iliac  •
vessels (from the bifurcation of the aorta to the 
appearance of the internal iliac arteries) are called 
common iliac nodes.
The lymph nodes adjacent to the external iliac  •
vessels and which extend anteriorly over the psoas 
muscle and posteriorly, including the group of 
obturator lymph nodes, are called external iliac 
lymph nodes.
The lymph nodes adjacent to the femoral vessels  •
at the level of the inner edge of the ischial tuber-
osities, are called inguinal lymph nodes.

The authors did not include internal iliac lymph 
nodes in their study since these are not constantly 
visualized by lymphangiography. They concluded 
with guidelines for CTV contouring:

Addition of a 2-cm margin around the aorta, a  •
1-cm margin around the inferior vena cava, a 
1.5-cm margin around the common iliac artery, a 
2-cm margin around the external iliac artery, and 
a 2-cm margin around the femoral artery.
Addition of a 1.5-cm margin medial to the iliop- •
soas muscle starting from intervertebral space 
S2–S3 and continuing until the vascular expan-
sion volume is visualized, to include the lateral 
external iliac lymph nodes.
Addition of a 1.7-cm margin medial to the pel- •
vic wall, starting 1 cm above intervertebral space 
S2–S3 and continuing inferior to the inguinal 
nodes, to include the obturator nodes (or medial 
external iliac nodes).
Exclusion of bones and air. •
Reaching to 0.5 cm from intestinal or bladder  •
volume and 0.5 cm ventrally with respect to the 
aorta and the common iliac arteries.

After these studies, Portaluri et al. [91, 92] described 
on CT images the anatomical boundaries for each 
pelvic nodal chain, on the basis of CT images showing 
enlarged pelvic lymph nodes in cancer patients.
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Table 3.4 describes the cranial, caudal, medial, 
lateral, anterior, and posterior anatomicoradiologi-
cal boundaries of pelvic lymph nodes based on our 
experience.

Moreover, as regards lymph nodes in prostatic, 
gynecological, bladder, and rectal cancer, Gregoire’s 
book [6] provided explanatory contouring on CT 
images and a description of the related anatomical 
boundaries.

Table 3.4 – Anatomicoradiological boundaries of pelvic region lymph nodes

Lymph 
nodes

Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

Common 
iliac nodes

Bifurcation of 
abdominal aorta 
(at the inferior 
border of L4)

Bifurcation of 
the common iliac 
vessels (at the 
inferior border 
of L5, at the level 
of the superior 
border of the ala 
of sacrum)

Loose cellular 
tissue

Psoas muscle Loose cellular 
tissue anterior to 
the common iliac 
vessels

Body of L5

Internal iliac 
nodes

Bifurcation of 
common iliac 
vessels (at the 
inferior border 
of L5)

Plane through 
superior border 
of the head of fe-
murs at the level 
of the superior 
border of the 
coccyx

Loose cellular 
tissue

Piriformis muscle Posterior border 
of the external 
iliac lymph nodes 
and loose cellular 
tissue

Loose cellular 
tissue

External iliac 
nodes

Bifurcation of 
common iliac 
vessels (at the 
inferior border 
of L5)

Femoral artery Loose cellular 
tissue

Iliopsoas muscle Loose cellular 
tissue

Anterior border 
of the internal 
iliac lymph nodes 
and loose cellular 
tissue

Obturator 
nodes

Plane through 
the acetabulum

Superior border 
of the neck of 
femurs, at the 
small ischiadic 
foramen

Loose cellular 
tissue

Internal obtura-
tor muscle (in-
trapelvic portion)

Loose cellular 
tissue

Loose cellular 
tissue

Presacral 
nodes

Intervertebral 
space of L5–S1 
(sacral promon-
tory)

Superior border 
of the 1st coccy-
geal vertebra

– Piriformis muscle Loose cellular 
tissue

Anterior aspect 
of sacrum

Inguinal 
nodes

Superior limit 
of the neck of 
femurs

Bifurcation of the 
femoral artery 
into its super-
ficial and deep 
branches

Adductor 
muscles

For superficial 
inguinal nodes: 
the adipose and 
loose connective 
tissue and the 
sartorius muscle; 
for deep inguinal 
nodes: the femo-
ral vessels

Subcutaneous 
adipose tissue

Pectineal muscle
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4Planing CT: Technical Notes*

In the treatment planning of radiation therapy, the 
positioning and immobilization of the patient es-
tablished when preparing CT simulation are espe-
cially important. For all treatment modalities, a key 
requirement is to place the patient in a comfortable, 
reproducible position that enables both irradiation 
of the target volume with the maximum dose and 
the greatest sparing of healthy tissue.

In radiation treatment planning of head and neck 
tumors, the patient is placed in the supine position. 
As a rule, a head support is provided to achieve a 
neutral position or, if necessary, the neck is hyperex-
tended. Immobilization of the patient’s head, neck, 
and shoulders in this position is usually achieved 
by means of a thermoplastic mask fixed to a base 
plate secured to the treatment table. Moreover, de-
pending on the type of therapy to be performed, 
beside these, other immobilization systems can be 
used, such as the intraoral stent. The arms usually 
lie along the body, but patients may also be asked 
to cross their arms over their chest so as to lower 
their shoulders and reduce the occurrence of “beam 
hardening artifacts” on CT images.

In mediastinal irradiation, patients lie supine 
with both arms extended above the head. It is advis-
able to use personalized positioning and immobili-

zation systems and controlled breathing procedures 
so as to minimize the geometrical uncertainty of the 
treatment (vacuum system, T-bar device, Perspex 
cast).

For treatments extended to the upper abdomen, 
the patient usually lies in the supine position, and 
an immobilization system is recommended (e. g., 
cast or vacuum system). Moreover, for better setup 
of treatment fields, the arms should be raised above 
the head.

In some cases of radiation delivery to the pelvic 
region, the prone position may be considered as 
an alternative to the supine position. For instance, 
the supine position is recommended for the treat-
ment of anal cancer and gynecological tumors. On 
the other hand, rectal cancer requires a prone setup, 
possibly with the support of systems for displacing 
the small bowel (especially in the event of preop-
erative treatment). Radiotherapy of prostate cancer 
is mostly performed in the supine position, but the 
prone position has been reported for this tumor as 
well. Moreover, supports may be placed under the 
patient’s knees to improve relaxation of the back, 
hindered by the rigid treatment couch. Since foot 
displacements can also change the relative position 
of bony landmarks that are crucial for determining 

* This chapter has been written with the contributions  
of Raffaella Basilico, Antonella Filippone, Maria Luigia Storto, and Armando Tartaro
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upper edge of the dorsum sellae (upper limit) to a 
plane 2 cm caudal to the upper edge of the sternal 
manubrium (lower limit).
Mediastinum. •  The acquisition volume extends 
from the cricoid cartilage (upper limit) to the L2 
vertebra (lower limit) [80].
Upper abdominal region. •  The acquisition vol-
ume extends from a plane located 2 cm above the 
liver dome (upper limit) to the level of the iliac 
crests (lower limit).
Pelvis. •  The upper limit has been established 1 cm 
cranial to the upper limit of the iliac crests, while 
the lower limit is located at the level of the ischio-
rectal fossae or, in case of rectal cancer infiltrat-
ing the anal canal, or cancer of the anal canal, or 
of the vulva and vaginal canal, at the level of the 
anal verge.

The main parameters for the execution of CT scans 
in the different anatomical regions are listed in Ta-
ble 4.1.

The recommended window settings for best 
viewing of different tissues of the four anatomical 
regions are the following:

Head-neck. •  The window width and window 
level of CT images for head-neck soft tissues are 
350 Hounsfield units (HU) and 35 HU, respec-
tively. The corresponding settings for bone struc-
ture analysis are 2,000 HU and 400 HU.
Chest. •  The appropriate viewing window for the 
mediastinum has a width of 400 HU and a level 
of  + 40 HU, while for the pulmonary parenchyma 
the recommended width is 1,600 HU and level is 
−600 HU [96, 97].
Upper abdominal region. •  For studying the 
upper abdominal region, the recommended 
window level is 40 HU while window width is 
350–400 HU.
Pelvis. •  For soft tissues a width of 400 HU and a 
level of 40 HU are recommended. For bones, rec-
ommended values are the same as for the head 
and neck region.

the accuracy of setup, specific “foot-blocking” sup-
ports can also be used.

As for the choice of the prone setup, it should be 
considered that it favors spontaneous gravitational 
displacement of the small bowel outside the pel-
vis. Another condition favoring the prone position 
is the difficult repositioning of treatment fields on 
obese patients. The skin marks on the anterior pel-
vic region of these patients can shift, even by several 
centimeters, due to the presence of adipose tissue. 
On the other hand, the posterior skin surface is 
usually more flat and less mobile, and is therefore 
more suitable for placing skin marks for treatment. 
Some obese patients have skin folds in the lower 
abdomen, which can cause undesirable skin reac-
tions. These skin folds can be carefully reduced if 
the patient pulls up the pendulous abdomen while 
acquiring the prone position.

We carried out an interdisciplinary methodology 
developed in collaboration with radiologists to de-
fined some practical suggestions for the execution 
of the CT scan for radiation treatment planning 
(planning CT). The CT scanning technique should 
be spiral and single-slice, since it affords higher 
resolution and provides a greater amount of volu-
metric information for delineation of radiotherapy 
target volumes compared with sequential acquisi-
tion [80, 93, 94]. It is usually performed during free 
breathing.

In the presence of peripheral lung tumors an op-
timized version of the above-mentioned procedure 
may be considered, by acquiring three slow CT 
scans (4 s per scan) obtained during quiet respira-
tion [95].

Computed tomography includes recording of 
two scout views: an anteroposterior view and a lat-
erolateral view.

Acquisition volumes for the four main anatomi-
cal regions taken into consideration in our experi-
ence can be described as follows:

Head-neck. •  The acquisition volume can be con-
sidered to extend from a plane tangential to the 
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Table 4.1 – Parameters for performing the planning CT

Head-neck

Slice thickness 3 mm

Table speed/rotation 3 mm/s

Pitch 1

Reconstruction interval 3 mm

kV 120–130

mA 220–240

Algorithm Soft/standard (kernel 4–6)

Matrix 512 × 512 pixel

FOV (field of view) Adapted to the patient and sized to include the patient’s contour

Mediastinuma

Slice thickness 5 mm

Table speed/rotation 5–8 mm/s

Pitch 1.0–1.6

Reconstruction interval 5 mm

kV 120

mA 240

Algorithm Soft/standard

Matrix 1,024 × 1,024 pixel

FOV Adapted to the patient and sized to include the patient’s contour

Upper abdominal region

Slice thickness 5 mm

Table speed/rotation 8 mm/s

Pitch 1.6

Reconstruction interval 5 mm

kV 140

mA 240

Algorithm Soft/standard

Matrix 1,024 × 1,024 pixel

FOV Adapted to the patient and sized to include the patient’s contour

Pelvisb

Slice thickness 8 mm

Table speed/rotation 10 mm/s

Pitch 1.25

Reconstruction interval 5 mm

kV 140

mA 240

a For possible optimization of the CT acquisition method, the parameters for this region may be changed as follows: slice 
thickness 3 mm, table speed/rotation 3 mm/s, reconstruction interval 3 mm

b For possible optimization of the CT acquisition method, the parameters for this region may be changed as follows: slice 
thickness 5 mm, table speed/rotation 8 mm/s, reconstruction interval 4 mm
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Table 4.1 – (continued) Parameters for performing the planning CT

Pelvisb

Algorithm Soft/standard

Matrix 1,024 × 1,024 pixel

FOV Adapted to the patient and sized to include the patient’s contour

a For possible optimization of the CT acquisition method, the parameters for this region may be changed as follows: slice 
thickness 3 mm, table speed/rotation 3 mm/s, reconstruction interval 3 mm

b For possible optimization of the CT acquisition method, the parameters for this region may be changed as follows: slice 
thickness 5 mm, table speed/rotation 8 mm/s, reconstruction interval 4 mm
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Critical Importance of Target Definition, Including 
Lymph Nodes, in Image-Guided Radiation Therapy*

5

Exciting advances have taken place in oncology, in-
cluding enhanced knowledge of molecular biology 
and genetics, functional imaging (positron emis-
sion tomography scanning), image-guided radia-
tion therapy and robotic surgery, increased use of 
monoclonal antibodies, as well as molecular tar-
geted cytotoxic agents, which are increasingly ap-
plied to clinical situations. At the same time there 
have been remarkable technological developments 
in radiation oncology, including the use of more 
powerful and versatile computers for treatment 
planning, radiation dose delivery, data processing, 
and informatics and electronic innovations coupled 
with sophisticated design of linear accelerators (i.e., 
multileaf collimators). This has resulted in an in-
creasing use of volumetric image-based treatment 
planning for the delivery of radiation therapy us-
ing three-dimensional conformal radiation therapy 
(3DCRT), intensity modulated radiation therapy 
(IMRT) or image-guided radiation therapy (IGRT), 
stereotactic radiosurgery/radiation therapy (SRS/
SRT), stereotactic body radiation therapy (SBRT), 
image-guided brachytherapy, radiolabeled com-
pounds, and special particle therapy (protons, heavy 
ions). Computer-controlled treatment delivery sys-
tems having advanced on-board imaging, such as 

kilovoltage cone beam CT (kV CBCT), megavoltage 
(MV) helical CT, and MV electronic portal imaging, 
are increasingly used to enhance treatment delivery 
verification [98, 99].

Ling and colleagues [100] summarized imaging 
advances that have potential application in radiation 
oncology and emphasized the need to adequately 
identify gross, clinical, and planning target volumes 
as defined by International Commission on Radia-
tion Units and Measurements (ICRU) reports 50 
and 62 (Fig. 5.1). They proposed the concept of a bi-
ological target volume (BTV), which can be derived 
from biological images that will substantially refine 
target volume delineation, treatment planning, and 
radiation therapy delivery. They noted that, in the 
future, radiation therapy clinical dosimetry will in-
corporate both physical and biological conformity 
and evidence-based multidimensional conformal 
therapy to improve the treatment of patients with 
cancer using 3DCRT, IMRT, IGRT, or other tech-
niques. Central to all these advances is the need to 
carefully and continuously account for anatomical 
variations, different tumor locations and configura-
tions, concerns with organs at risk in the irradiated 
volumes, and motion of the patient or the internal 
target volume/organs during a course of fraction-

* This chapter has been written with the contributions of James A. Purdy
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are electively treated with a lymph node dissection 
or with irradiation).

The exact definition of tumor and target vol-
umes is critical to the implementation of various 
approaches to image-based radiation therapy, in-
cluding 3DCRT, IMRT, IGRT, and stereotactic tech-
niques. The standard procedure for delineation of 
tumor volumes and organs at risk is the use of a 
planning CT, in most instances with contrast agents 
for more accurate imaging of tumors or blood ves-
sels. However, in specific instances MRI provides 
better imaging of soft tissues masses. For instance, 
several authors have noted that delineation of the 
prostate can be more accurately achieved with MRI, 
particularly in identification of the prostatic apex 
[101]. Further, of equal importance is the under-
standing that in evaluating the prostate, as a recent 
study demonstrated, even radiologists trained in 
general MRI interpretation are not as accurate in 
defining the prostate as MRI experts who concen-
trate specifically on genitourinary MRI [102].

In defining the target volume, the radiation oncol-
ogist must appreciate the uncertainties in the target 
volume definition, which is dependent on the imag-

ated radiation therapy. Strategies to address such 
spatial uncertainties have included elaborate patient 
immobilization techniques, careful simulation, ac-
curate tumor delineation, use of margins around the 
tumor/clinical target volume(s), re-simulation and 
re-planning, and portal imaging, and more recently 
on-board volumetric CT imaging.

Innovations in medical imaging, including com-
puted tomography (CT) and magnetic resonance 
imaging (MRI), have been invaluable in these ef-
forts, providing a fully three-dimensional model of 
the patient’s anatomy and the tumor volume, which 
is sometimes complemented with functional imag-
ing, such as positron emission tomography (PET) 
or magnetic resonance spectroscopy (MRS). This 
advanced imaging technology allows the radia-
tion oncologist to more accurately identify target 
volumes and their spatial relationship to adjacent 
critical normal organs. Besides the outline of the 
primary tumor and adjacent structures that may 
harbor microscopic extensions of tumor, it is criti-
cal to identify any enlarged metastatic lymph nodes 
and to recognize lymphatic draining regions that 
may be at risk for metastatic involvement (which 

TUMOR/TARGET VOLUME
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D) Treatment portal
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Fig. 5.1 Schematic representation of target volumes in radiation therapy treatment planning. (Reproduced with permission, Perez 
CA, Brady LW, Roti Roti JL (1998) Overview. In: Perez CA, Brady LW (eds) Principles and Practice of Radiation Oncology, 3rd edn. 
Lippincott-Raven, Philadelphia, pp 1–78)



Critical Importance of Target Definition in IGRT

47

ing modality used, the ability to fuse image sets, the 
capability to accurately account for the microscopic 
extensions, ability to account for patient immobi-
lization uncertainties, internal target motion, and, 
most importantly, the individual physician’s ability 
in assimilating all of this information, including the 
imaging interpretation, to perform the necessary 
contouring to define the target volume(s) [99].

Respiration has been shown to introduce sub-
stantial uncertainty in target positioning when ir-
radiating patients with intrathoracic or upper abdo-
men tumors. Faster multislice CT scanners permit 
obtaining images that incorporate changes in target 
position which can be incorporated into the plan-
ning of radiation therapy, a process that has been 
called four-dimensional (4D) treatment planning 
[103]. Several approaches to 4D target delineation 
have been described [104–108] enabling recon-
struction of an “internal target volume” (ITV), con-
sisting of imaging data acquired in separate phases 
of respiration into a combined 3D volume contain-
ing the probable location of tumor. Allen et al. [109] 
created a composite volume based on the tumor 
delineated on maximal inhalation and exhalation 
scans in 16 patients. This structure was significantly 
smaller than a 1-cm uniform expansion around the 
gross tumor volume delineated on a free-breathing 
scan, indicating that a standard approach using a 
1-cm expansion leads to overtreatment of normal 
tissues.

Advances in computer and electronic technology 
have had a major impact on the treatment planning 
and delivery process of radiation treatment. Medi-
cal linear accelerators and related devices come 
equipped with sophisticated computer-controlled 
multileaf collimator systems (MLCs) and integrated 
imaging systems that provide beam aperture and/or 
beam-intensity modulation capabilities which allow 
precise shaping and positioning of actually delivered 
radiation dose distributions in the patient [110].

It should be clearly understood that modern-day 
radiation oncology treatment outcomes are very 

much dependent on the computer models and al-
gorithms used, as they impact definition of target 
volumes, organs at risk, optimal dose distributions, 
dose-volume statistics, the determination of tumor 
control possibility (TCP), the normal tissue com-
plication probability (NTCP), and other biological 
parameters related to treatment planning and de-
livery [99].

5.1 Target Volume and Critical 
Structure Delineation

The definition of target volumes and organs at risk 
has been standardized following the nomenclature 
published in the ICRU reports 50 and 62. Macro-
scopic or known tumor is designated as gross tu-
mor volume (GTV), suspected microscopic spread 
as clinical target volume (CTV), and marginal vol-
umes necessary to account for both setup variations 
and organ and patient motion are designated as 
planning target volume (PTV) (Fig. 5.1) [98].

While the current recommendations direct the 
radiation oncologist to specifically account for mi-
croscopic disease uncertainty, and patient setup 
and organ movement uncertainties in defining the 
PTVs, it must be recognized that with current tech-
nology this is in reality still a judgment call and not 
an exact science for most cases. In performing this 
task, the radiation oncologist must rely on his/her 
experience and judgment drawn from study of the 
literature, and observation and evaluation of pa-
tients treated regarding risk of failure versus normal 
tissue complications. In other words, when con-
fronted with the problem of defining the volume to 
receive a prescribed dose, or defining an organ at 
risk in order to avoid or limit the dose, the radiation 
oncologist must make a series of trade-offs.

The reproducibility and accuracy of GTV delin-
eation for most treatment sites is generally not very 
well known, as it is based mostly on clinical judg-
ment. It is known that the shape and size of the GTV 
can depend significantly on the imaging modality 

5
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tain distortions that are not only non-representative 
of the true geometry of the stationary tumor but 
also are not a good representation of the tumor and 
its motion. In their study, they further concluded 
that PET imaging could provide a more accurate 
representation of the GTV encompassing motion of 
such tumors and thus has the potential to provide 
patient-specific motion volumes for an individual-
ized ITV. There is no quick solution to this problem. 
Perhaps when multislice CT technology (so-called 
4D CT imaging) becomes the standard for CT sim-
ulation the problem will be minimized. Until then, 
however, one must be very careful when defining a 
GTV using CT images only in those cases where the 
tumor motion is significant.

Unfortunately, in many sites anatomical imaging 
techniques (i.e., CT or MRI) do not always distin-
guish malignant from normal tissues. Thus, there is 
growing interest in incorporating the complementary 
information available from functional imaging, such 
as PET, when defining the GTV [100, 117, 118].

Functional images show metabolic, physiological, 
genotypic, and phenotypic data that may improve 
the staging of patients with cancer and target defini-
tion for radiation therapy. Major accomplishments 
have taken place in functional imaging with vari-
ous radionuclides, and development is underway 
on methods that will characterize the genotype and 
phenotype of tumors by non-invasive molecular 
imaging technology.

Positron emission tomography scanning mea-
sures in vivo biochemical disturbances (such as 
accelerated glucose metabolism) associated with 
malignant neoplasms. Deoxy-glucose labeled with 
fluorine (F18-FDG) is frequently used to assess func-
tional tumor biology and metabolism. After FDG is 
intravenously injected, its uptake in tissues is mea-
sured for approximately 60 min with PET scanning. 
FDG is transported to the membrane of the cell; 
increasing the number of glucose transport mol-
ecules at the surface of the tumor cell will enhance 
glucose and FDG uptake. Intercellular hexokinase 

[101, 111]. Leunens et al. [112] reported that they 
observed a considerable intra- and interobserver 
variation in GTV delineation for brain tumors. Ten 
Haken et al. [113] and Rasch et al. [114] compared 
GTVs defined using both CT and MRI; in both re-
ports, the target volume defined using CT and MRI 
was different than the volume defined using CT 
alone. Furthermore, Rasch et al. [115] concluded 
that MRI-derived target volumes had less interob-
server variation than CT only derived target vol-
umes. In another study, Roach et al. [101] compared 
the delineated prostate volumes using both CT and 
MRI for a series of patients and found significant 
volume differences in approximately one third of the 
cases, depending on the imaging modality used.

In 2008, CT is still the principal source of imag-
ing data used for defining the GTV for 3DCRT and 
IMRT treatment planning for most sites, but this 
imaging modality presents several potential pitfalls. 
First, when contouring the GTV, it is essential that 
the appropriate CT window and level settings be 
used in order to determine the maximum dimen-
sion of what is considered potential gross disease. 
Secondly, for those treatment sites in which there 
is considerable organ motion, such as for tumors 
in the thorax, CT images do not correctly represent 
either the time-averaged position of the tumor or 
its true shape. This is due to the fact that the cur-
rent CT simulation process relies almost exclusively 
on the use of fast, spiral CT technology, and thus 
acquires data essentially in two dimensions (2D). 
This has the effect of capturing the tumor cross-
section images at particular positions in the breath-
ing cycle. Caldwell et al. [116] studied this problem 
showing that if the tumor motion is large, different, 
and possibly non-contiguous, transverse sections 
of the tumor could be imaged at different points of 
the breathing cycle, leading to volume uncertain-
ties. They pointed out that the interpolation process 
in spiral CT technology adds further to the uncer-
tainty and concluded that 3D reconstruction of the 
GTV from temporally variant 2D images will con-
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will convert FDG into FDG-6-phosphate, which ex-
ists at low levels in tumor cells. Because the deoxy 
component of FDG blocks further degradation of 
FDG-6-phosphate, FDG phosphate accumulates in 
the cell and emits positrons. The distribution of the 
FDG reflects the level of glucose consumption at a 
specific site. The minimal size of lesions detected on 
PET scan is 3–5 mm depending on the location of 
the lesion, uptake of the radionuclide, and the activ-
ity of the surrounding tissues. Clinical applications 
of PET scanning in oncology include: (1) differen-
tiating benign from malignant lesions (albeit, not 
always accurately), (2) staging of malignant tumors, 
(3) treatment planning including radiation therapy, 
and (4) monitoring treatment results and follow-up 
[119, 120].

Gregoire [121], in an editorial, pointed out the 
increasing use of PET scanning to determine tumor 
extent and as a guide for radiation therapy treat-
ment planning in patients with cancer, spearheaded 
by the popularity of 3DCRT and IMRT. He thought-
fully discussed issues related to sensitivity and spec-
ificity of PET scanning in different anatomical loca-
tions, which affect the usefulness of this modality in 
clinical practice. The advent of integrated PET/CT 
devices markedly facilitates the acquisition of ana-
tomically and physiologically fused images under 
similar conditions for radiation therapy treatment 
planning. This comprehensive review is highly rec-
ommended for those interested in this technology. 
In the future it will be possible to expand the ap-
plications of PET in oncology by taking advantage 
of in vivo distribution of radionuclides such as 15O, 
11C, and others mentioned in this review. Similarly, 
single photon emission tomography (SPECT) can 
be used to quantify in vivo distribution of receptor 
targeting compounds labeled with 111In, 99mTe, or 
123I.

Bourguet and Groupe de Travail Standards, Op-
tions and Recommendations Project [122] reviewed 
600 articles identified in Medline, web sites, and per-
sonal reference lists of expert members and submit-

ted them for review to independent reviewers and 
developed guidelines for the use of FDG-PET scan-
ning in the diagnosis of the primary tumor, treat-
ment response, and examination for recurrence. The 
recommendations were made on the basis of data 
published up to February 2002. Systematic monitor-
ing of the new scientific data on FDG-PET was set 
up to ensure updating of available reports.

The ultimate goal of radiation therapy treatment 
planning is to biologically characterize and accu-
rately delineate the target volume, plan an effective 
course of therapy, predict tumor and normal tissue 
response (TCP, NTCP), and monitor the outcome 
of treatment. Functional imaging may significantly 
contribute to achieving these objectives. For exam-
ple, Caldwell et al. reported high observer variabil-
ity in CT-based definition of the GTV for non-small 
cell lung cancer patients when compared with the 
GTV defined using FDG-hybrid PET images co-
registered with CT [123]. Another example of the 
use of functional imaging in target volume defini-
tion is provided by Chao et al. in which they pro-
posed the use of PET employing a hypoxic tumor-
specific tracer to define the hypoxic region of the 
GTV for potentially guiding IMRT treatment deliv-
ery [124].

If PET or other modality imaging studies are 
used to complement the CT planning process, they 
must be accurately registered to the planning CT 
data set [125–127]. While significant improvements 
in radiation therapy planning (RTP) fusion software 
have been made, image registration remains one 
of the serious pitfalls that can befall the radiation 
oncologist when defining the GTV [128, 129]. The 
radiation oncologist and treatment planner must 
be especially vigilant when using multiple imaging 
studies when defining volumes and be sure that ro-
bust quality assurance (QA) processes are in place.

Delineating the CTV is a more complicated task 
than delineating either the GTV or most organs at 
risk. At this time, it is more of an art than a science 
since current imaging techniques are not capable of 
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ences in the GTV/CTV in neighboring slices, a mar-
gin expansion drawn or specified in 2D around the 
GTV/CTV contour will result in margins that are 
too small in the cranial-caudal direction. Bedford 
and Shentall [136] described methods to compute 
3D target volume margins resolving this problem. 
One must understand the method used on the RTP 
system, and if it is based on a 2D algorithm, one 
should use a larger contour in the adjoining slice 
and cap the GTV/CTV inferiorly and superiorly.

Another potential pitfall occurs in those cases 
where the PTV extends outside the patient’s skin 
contour (e. g., PTV for tangential irradiation of the 
breast, or for some head and neck cancer sites). In 
such cases, part of the PTV will have an air-like 
density causing an artifact in the dose distribution 
calculated and displayed. For practical purposes, 
one must change the density used for that part of 
the PTV in the RTP system to unity, or require the 
PTV margin to coincide with the skin surface. Nei-
ther method is totally correct, but regardless it is im-
portant that the treating physician be aware of the 
approximation used when setting or approving field 
margins and evaluating the dose distribution.

A serious limitation currently present with some 
IMRT planning systems occurs when a PTV over-
laps with an organ at risk or its associated PRV. For 
such systems, the overlapping voxels can be assigned 
to only one of the volumes, typically the target vol-
ume, thus truncating the overlapping organ at risk 
volume (e. g., a PTV that overlaps a parotid gland). 
In such cases, dose-volume histogram (DVH) eval-
uation for the organ at risk is compromised, as is 
the digital data export of the contour data to cen-
tralized quality assurance centers. Concentric PTVs 
(PTVHighDose and PTVLowDose) present this same type 
of limitation for these RTP systems. Thus, it is es-
sential that the physician and the physicist fully un-
derstand the IMRT planning system’s method (and 
limitations) used in assigning voxels, both for DVH 
evaluation and digital data export.

We now return to the problem of creating the 
margin between the CTV and PTV using organ 

detecting subclinical tumor involvement directly. 
When defining GTV/CTVs and organs at risk on 
axial CT slices, assistance from a diagnostic radi-
ologist is often helpful. Publications addressing the 
problem of establishing a consistent CTV for various 
clinical sites are now becoming more common [26, 
72]. Research efforts that will allow a more accurate 
determination of CTV is an important area to fur-
ther advance radiation therapy treatment planning.

Specifying the margins around the CTV to create 
the PTV is also not an exact science. The treating 
physician should take into account data from pub-
lished literature and/or any uncertainty studies per-
formed in their clinic. A recent review by Langen 
and Jones [105] provides the most comprehensive 
compilation of organ motion data to date. Interfrac-
tion organ motion studies have focused mainly on 
the treatment of prostate cancer [130–133]. Intra-
fraction motion studies have focused on variations 
caused by respiratory motion for disease in the tho-
racic and upper abdominal regions [134, 135]. How 
to use target organ mobility and setup error data to 
determine the appropriate margin between the CTV 
and PTV is discussed later. However, it should be 
understood that the margin used to create the PTV 
should not just be based strictly on geometric uncer-
tainty considerations. The physician must also take 
into account the presence of nearby organs at risk, 
and thus the margins used are the result of trade-
offs that balance concerns for potential geometric 
miss versus the possibility of unacceptable toxicity.

The asymmetrical nature of the GTV/CTV geo-
metric uncertainties must also be addressed when 
defining the PTV. For example, organ motion for 
the prostate gland has been shown to be anisotro-
pic. Daily setup errors may also be anisotropic as 
side-to-side or rotational shifts of patients are likely 
to be different from setup differences in the antero-
posterior direction.

Another concern is the fact that some 3DRTP 
systems still do not possess accurate methods for 
providing a true 3D margin around the GTV/CTV 
when delineating the PTV. For large contour differ-
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motion and setup error data. The ICRU report 62 
states that a quadratic approach similar to that rec-
ommended by the Bureau International des Poids et 
Mesures (BIPM) can be used. Antolak and Rosen 
concluded that to insure that every point on the 
edge of the CTV be within the PTV approximately 
95% of the time, the CTV should be expanded us-
ing a normalized radius of expansion of 1.65 times 
the SD in each direction [137]. Van Herk et al. [138] 
calculated probability distributions of the cumula-
tive dose over a population of patients (which they 
called dose-population histograms) and studied 
the effects of random and systematic geometric de-
viations on the cumulative dose distribution to the 
CTV. Margin recipes to create the PTV could be 
obtained from a single point on this type of histo-
gram. Craig et al. [139] concluded that a coverage of 
about 95% is a reasonable goal for PTV design and 
that geometric uncertainties from different sources 
should be added in quadrature, unless there are 
compelling reasons to do otherwise.

To better clarify the sources of geometric un-
certainties, the Netherlands Cancer Institute group 
[138] has suggested dividing them into uncertain-
ties that occur during treatment preparation (sys-
tematic errors) and those that occur daily during 
treatment execution (random variations). Treat-
ment execution uncertainties include the interfrac-
tion variations (i.e., day to day variation in the pa-
tient setup or equipment), and also the intrafraction 
variations (i.e., movement of the patient or GTV/
CTV within a single fraction). Treatment prepara-
tion uncertainties include setup error and organ 
motion on the planning CT simulator study, de-
lineation errors, and equipment calibration errors. 
They suggest that the effects of execution errors can 
be estimated during treatment planning by blurring 
(i.e., convolving) the computed dose distribution 
with the known error distribution and ensuring that 
the blurred dose distribution conforms to the PTV 
[138]. Van Herk et al. [140] pointed out that a limi-
tation of many previous studies addressing this area 
is the fact that either only execution uncertainties 

were evaluated, or at most only a few of the prepara-
tion uncertainties were included. They pointed out 
that because preparation errors have a much larger 
impact on the target dose than execution errors, the 
effect of excluding preparation errors in tumor con-
trol probability (TCP) evaluation is that very small 
margins can appear to be adequate. They conclude 
that preparation errors may in fact play the most 
important role, as such small margins will lead to 
frequent geometric misses.

Yu et al. [141] were one of the first to report on 
the effects of intrafraction organ motion on the 
delivery of IMRT noting that unlike static field 
treatments, where intrafraction organ motion only 
affects the boundaries creating a broader dose pen-
umbra, the interplay of the movement of the MLC 
produced beamlets and the movement of the patient 
anatomy can create “hot” and “cold” spots through-
out the field. They concluded that interfraction ef-
fects could cause the magnitude of intensity varia-
tions in the target to be greater than ±50% from the 
calculated values without motion, but noted that 
intensity variations were strongly dependent on the 
speed of the beam aperture relative to the speed of 
the target motion, and the width of the scanning 
beam relative to the amplitude of target motion. 
They suggested that the speed of collimator motion 
be kept as slow as possible, and that the gap between 
the two opposing MLC leaves be kept as large as 
possible. They pointed out that for a given desired 
intensity distribution, the above two requirements 
may be in conflict and some form of optimization 
may be required.

Such studies have reinforced the concern about 
using IMRT for the treatment of moving CTVs and 
raised the question whether the PTV concept is ap-
plicable to IMRT. Such concerns have helped spur 
the development of tumor tracking and respiratory 
gating technologies [142, 143]. Bortfeld et al. [144] 
has also addressed this issue of intrafraction organ 
motion and the delivery of IMRT and pointed out 
that because IMRT treatments are typically deliv-
ered over about 30 treatment fractions, and not in 
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adaptive radiation therapy), as opposed to the cur-
rent situation of using population-based averages of 
the setup errors or organ motion. In this approach, 
early measurements (multiple CT scans and daily 
portal images) during the first few patient treatments 
are performed to determine the required margins 
for later treatments based on the localization data 
for the individual patient. An extension of this ap-
proach is the current use of daily (or weekly) CT 
images obtained on the treatment machine to ascer-
tain the anatomy of the patient and the location and 
deformable contours of the target and organs at risk 
to provide feedback that is used to modify the treat-
ment plan and delivery of the irradiation, resulting 
on a more precise dose distribution.

Yan and Lockman [151] have pointed out that 
the temporal dose-volume variation brought on by 
fractionated radiation therapy is not presently ac-
counted for in any reporting schemes, i.e., the loca-
tion of the organ/tumor/patient during a course of 
radiation therapy varies with respect to the radia-
tion beams. In other words, the temporal variation 
of each tissue voxel irradiated is currently not taken 
into account, causing uncertainties in understand-
ing the tumor and normal tissue dose response, 
thereby limiting reliable treatment evaluation and 
optimization. Improved models that account for or-
gan deformation and movements will be needed to 
address this important issue.

One final practical issue should be clearly un-
derstood by the treatment planner. Once the PTV 
has been defined, additional margin beyond the 
PTV is needed when designing the beam portal 
in order to obtain dose coverage because of beam 
penumbra related to treatment technique. Typically, 
a 7- to 9-mm margin (port edge to PTV) is gener-
ally a good starting point for 3DCRT techniques, 
but one should consider the actual characteristics 
of the beams used to make this starting point de-
termination. Also, in the case of coplanar treatment 
techniques, the margins required across the axial 
plane of treatment and the margins orthogonal to 

a single session, there will be some averaging over 
the course of treatment, and the relative cumulative 
error after several fractions will most likely be much 
smaller than the error on a single day. They con-
cluded that any additional effects that are specific to 
the IMRT delivery technique appear to be relatively 
small, except for a scanning beam type IMRT. More 
studies addressing the issue of intrafraction organ 
motion during the delivery of IMRT are still war-
ranted.

All of the issues discussed point out that the 
PTV/PRV concept simplifies accounting for geo-
metric uncertainties but does give rise to several 
dilemmas. Particularly important is the loss of ac-
tual tumor and normal organ volumes information 
for researchers developing TCP and normal tissue 
complication (NTCP) models. While it does not ap-
pear possible to totally eliminate the PTV concept at 
this time, it does appear possible to use smaller mar-
gins for some sites if more frequent imaging or oth-
er technical innovation is used to reduce geometric 
uncertainties. For example, for prostate cancer, the 
use of daily ultrasound imaging, or daily electronic 
portal imaging of implanted radiopaque markers, 
to relocate the target volume with reference to the 
machine’s isocenter does allow for a smaller margin 
for the PTV [130, 145]. However, one must still be 
prudent in the amount of margin reduction when 
using these technologies.

For treatment sites in the thorax, ways to mini-
mize respiratory motion and its effects include the 
use of ventilation-based gating, breath-holding, and 
active breathing control [142, 146–148]. The differ-
ent methods include various tradeoffs ranging from 
treatment machine control, which is not dependent 
on the patient, to systems that are completely de-
pendent on the patient. Again, regardless of which 
technique is used to reduce the overall PTV margin, 
one must be prudent in the amount of margin re-
duction.

Yan et al. [149–151] proposed an individual pa-
tient-based approach for determining PTV (called 
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this plane will be different. For example, a larger 
inferior-superior portal margin is always needed for 
coplanar techniques to ensure that the prescribed 
isodose surface covers the PTV. Also, in many situa-
tions, the lateral and anterior-posterior portal mar-
gins for each field can be reduced (providing better 
organ at risk sparing) by adjusting each beam’s rela-
tive weighting. It should be clear that making a hard 
rule about margin sizes is unrealistic and requires 
some planning iteration to find the best mix of su-
perior-inferior, anterior-posterior, lateral margins, 
and beam weights. The ability of IMRT to reduce 
beam margin by increasing fluence at the PTV pe-
riphery is a significant advantage of this technique 
in achieving PTV dose coverage while improving 
the sparing of adjacent organs at risk [152].

5.2 Delineation of Lymph Node Volumes

The definition of lymph node target volumes is criti-
cal in radiation therapy treatment planning, as many 
of these structures may or are involved by a variety 
of malignant tumors in many anatomical locations.

In patients with head and neck cancer, careful 
studies using CT scans have identified the location 
of metastatic lymph nodes, including the retropha-
ryngeal nodes in carcinoma of the oropharynx, 
which were present in 16% of 208 patients and in 
23% of those with nodal disease in other neck sites 
[153]. Further, a more precise location of the lymph 
nodes will aid in better defining the margins re-
quired to adequately cover the nodal target volumes 
in patients with carcinoma of the oropharynx, hy-
popharynx, or larynx (Fig. 5.2) [154, 155]. Gregoire 
et al. [26], Nowak et al. [67], and Chao et al. [74], the 
latter based on a study correlating patterns of failure 
in 126 patients with head and neck cancer, developed 
guidelines for nodal target volume delineation.

In the thorax, Yuan et al. [156] evaluated extra-
capsular tumor extension in 243 patients with non-
small cell lung cancer (noted in 41% of the patients 
and 33.4% of the lymph nodes) and made recom-

mendations for CTV margins as a function of the 
size of the lymph nodes. Chapet et al. [83] generated 
a 3D radiological description for hilar and mediasti-
nal nodes, based on axial CT scans of the thorax, 
which, as in this book, will be of great value in defin-
ing target volumes in radiation treatment planning. 
Steenbakkers et al. [157] illustrated the geometric 
uncertainties that exist when CT scans are used for 
lung cancer target delineation and how this can be 
improved using PET scanning. Other authors have 
documented the value of PET scanning in deter-
mining target volumes in patients with lung cancer 
(Fig. 5.3) [158, 159].

Brunner et al. [160] in 175 patients with pancre-
atic cancer who underwent pancreatoduodenecto-
my assessed regional and para-aortic nodal spread, 
using CT scans, identified regional node metastasis 
in 76% and in distant nodes in 22%. Based on this 
data standardized treatment planning recommen-
dations were developed.

In the pelvis, lymphangiography was used to gen-
erate 3D lymph node mapping for treatment plan-
ning in 16 patients with cervical cancer [90]. Also, 
iliopelvic lymphoscintigraphy (with 99 m techne-
tium nanocolloids) was shown to have sensitivity 
ranging from 40% for presacral and hypogastric 
nodes to 70–80% for external, common iliac, and 
para-aortic nodes to 100% for inguinal nodes in 
70 patients [161] and pelvic CT scans were used to 
identify in 3D images lymph nodes in 20 patients 
with various pelvic malignancies [92]. Finlay et al. 
[162] contoured the pelvic arteries on CT scans of 
43 patients with cervical cancer. The vessel contours 
were hidden, conventional pelvic irradiation fields 
were outlined, and coverage of lymph node regions 
was analyzed. Superiorly 34 patients (79%) had in-
adequate coverage; on the AP field in 9 (21%) and 
in the lateral field in 30 (70%) patients margins were 
also inadequate.

In 18 patients with prostate cancer who had 
pathologically confirmed node-positive disease, 
Shih et al. [108] using a novel magnetic resonance 
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Fig. 5.2 a–c Coronal (a), sagittal (b), and cross-section (c) IMRT dose distributions for patient with head and neck cancer

Fig. 5.3 a Simulation of thorax in a patient with carcinoma of the left lung with mediastinal lymph nodes detected on PET 
scan. b Illustration of 3DCRT plan in patient with carcinoma of the lung



5Critical Importance of Target Definition in IGRT

55

lymphangiographic nanoparticle technique high-
lighted the likely metastatic sites. To reduce the 
volume of pelvic organs irradiated they proposed 
a pelvic CTV to encompass regions at high risk of 
harboring occult nodal metastasis to include a 2-cm 
radial expansion around the common and proximal 
external and internal iliac vessels that would en-

compass 94.5% of the pelvic nodes at risk in patients 
with node-positive prostate cancer.

Precise imaging of the pelvic and para-aortic 
lymph nodes in gynecological cancer and the ad-
vent of IMRT has facilitated the irradiation of these 
regional lymphatics while sparing the small intes-
tine and pelvic organs (Fig. 5.4).

Fig. 5.4 a Representation of dose distribution with IMRT for 
irradiation of para-aortic and pelvic lymph nodes in patient 
with carcinoma of the uterine cervix. b Sagittal representation 

of same dose distributions. c Cross-section dose distribution of 
above. d Cross-section of IMRT dose distribution for irradiation 
of pelvic lymphatics in patient with carcinoma of uterine cervix
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must be understood that this task is one of many 
that quality assurance programs must address. To 
ensure the quality of radiation therapy it is manda-
tory to implement programs that test the function-
ality of the equipment and the precision of dose 
calibration, treatment planning, dose calculations, 
and delivery used in the treatment of the patient. 
Dosimetric quality assurance compares measured 
and calculated dose distributions for specific test 
treatment plans. The American Association of 
Physicists in Medicine (AAPM) and the European 
Society for Treatment and Research Organization 
(ESTRO) have published detailed reports describing 
acceptance testing, commissioning, and procedures 
for periodic quality assurance procedures of hard-
ware and software used in radiation therapy facili-
ties [178, 179]. Other elements of quality assurance 
include protocols and manuals documenting the 
operating procedures in the radiation facility, ap-
propriate clinical and physics records, chart review 
sessions, and audits of parameters of treatment and 
dose verification, with participation of radiation 
oncologists, physicists, dosimetrists, therapists, and 
other personnel to ensure the proposed treatment is 
being accurately carried out.

Because in general the margins around the target 
volume are smaller and the dose gradient steeper it 
is necessary to exercise more care in the treatment 
of the patient with 3DCRT, IMRT, or IGRT. There-
fore a quality assurance program for these modali-
ties must be more detailed and demanding, as it in-
volves not only all of the elements described above 
but also performance of the MLC leaf accuracy (for 
IMRT submillimeter accuracy is needed, speed, 
etc.) and the radiation output with the accelerator 
gantry in motion [180].

For IMRT treatment, a specific patient-directed 
quality assurance program is mandatory, includ-
ing irradiation of anatomical phantoms with the 
proposed treatment parameters, using ionization 
chambers, film dosimetry (radiographic, radio-
chromic), thermoluminescent dosimeters, etc., and 

5.3 Implications of Target 
Definition for Innovative 
Technology in Contemporary 
Radiation Therapy

With the advent of new and more complex technol-
ogy, such as cone beam [163–165], tomotherapy 
[166–168], robotic radiation therapy, etc., and the 
increasing use of image-based radiation therapy 
[169], including 3D conformal, IMRT, both cra-
nial and extracranial stereotactic [170] and adap-
tive radiation therapy [171], in many instances us-
ing single fraction or hypofractionated irradiation 
schedules [172] with more tightly defined margins 
around the target volumes, it is critical to more ac-
curately delineate not only the primary target but 
also lymphatic volumes at risk for metastatic spread. 
More precise and versatile algorithms for treatment 
planning are mandatory to enhance the opportuni-
ties for dose optimization with these technologies.

Furthermore, more precise treatment delivery 
techniques are required to ensure accurate deliv-
ery of the irradiation, including ultrasound, por-
tal imaging devices, and methods for tracking the 
position of the target during treatment, such as the 
Calypso system with radiofrequency transponders 
implanted in the target volume, to decrease the er-
rors that may be introduced by intrafraction motion 
of the target or the organs at risk [173–175].

A concern that has been expressed by some, with 
the use of IMRT or scatter-foil proton generators, is 
the somewhat larger volume of normal tissues of the 
patient that receives low doses of irradiation, which 
potentially may result in an increase in second ma-
lignancies [176]. Aoyama et al. [177] noted that the 
dose of irradiation to unwanted tissues is lower with 
tomotherapy compared to IMRT.

5.4 Quality Assurance

While this chapter has focused on the critical im-
portance of accurate target volume definition, it 
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comparing these data with the dose distributions 
and DVHs generated by the treatment planning sys-
tem. To determine the spatial accuracy of the treat-
ment planning and delivery systems, the location in 
space of the measured and calculated doses must be 
precisely and independently verified. A characteris-
tic of IMRT is a lack of convenient portal imaging to 
verify patient position and accuracy of dose distri-
bution, for example, the patient position is checked 
with orthogonal films (anterior-posterior and later-
al centered on the central axis of the multiple beam 
arrangement) and the images are compared to simi-
lar geometry on digitally reconstructed radiographs 
(DRRs). Treatment and dose distribution verifica-
tion is carried out using phantoms and direct mea-
surements [180–184].

There are numerous problems in assuring target 
position validity caused by both extrinsic and in-
trinsic factors. The intrinsic or inherent problems 
include the difficulties caused by the motion of the 
target volume (e. g., prostate) relative to the bony 
anatomy and adjacent organs (bladder, rectum) 
which has been reported by numerous authors. 
A target volume such as the prostate and seminal 
vesicles can move inferiorly, superiorly, anteriorly, 
posteriorly, and even rotate along the axis. In ad-
dition, respiratory motion adds another influence 
to these motions. In addition, there are (prepara-
tion) extrinsic errors, which are related to the actual 
simulation process, the definition of the target, etc. 
There are also execution errors, which include the 
inaccuracies in positioning of the patient for daily 
treatment. These all add to the possibilities of move-
ment and inaccuracy in the defining of the target. 
The inherent movements of the prostate can be as 
much as 4–5 mm in certain directions, and may to-
tal as much as 10 mm. These uncertainties must be 
incorporated in the design of the PTV in the treat-
ment plan (Fig. 5.5).

Motion of the organ and the patient leads to blur-
ring of dose distribution; this can cause an increased 
beam penumbra. Such movements can lead to the 

tumor being displaced so that 10% of the volume 
may be out of the field 20% of the time so that the 
tumor is only in the actual treatment field 80% of 
the time. These inaccuracies have the potential to 
create hot and cold spots. Needless to say these cold 
spots and hot spots are not usually visualized in the 
planning process [185, 186].

Another problem is a dramatic drop in the proba-
bility level of reaching an acceptable minimum dose 
as the CTV margin is reduced. If a very tight mar-
gin is defined, i.e., zero margin or a few millimeters, 
the probability of delivering the planned high dose 
to the CTV approaches zero. This variation of dose 
around the CTV is such that only zero error will 
lead to the planned dose. The probability of zero er-
ror in this situation is extremely small, so this must 
be a concern when a very tight margin is used.

Of utmost importance is the determination of the 
most appropriate treatment modality for the vari-
ous sites, i.e., selecting whether 3DCRT, IMRT, or 
IGRT is to be used. This selection depends on lo-
cation of the tumor, homogeneity criteria required, 
the cost, the time, and the clinical outcome analysis. 
It is of importance to examine the difference in the 
dosimetry between 3DCRT and IMRT and to evalu-
ate treatment morbidity when comparing 3DCRT 
to IMRT.

5.5 Cost Benefit and Utility

There is a substantial financial investment in the 
acquisition of modern radiation therapy treatment 
planning systems and devices, in addition to the 
documented increased time and effort involved in 
the procedures necessary to maintain, operate the 
equipment, and treat a patient with 3DCRT, IMRT, 
IGRT (including tomotherapy). As noted, there is 
significantly greater involvement of the radiation 
oncologist and physicist as well as more time re-
quired of the dosimetrist(s) and radiation therapists 
to supervise, generate, verify treatment planning, 
and delivery. The complexity of the treatment tech-
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and proficiency of the staff. In the USA this has 
been reflected with reimbursement for services that 
attempt to cover the greater use of equipment, fa-
cilities, and human resources involved in the treat-
ment of these patients. Further, as these modalities 
are frequently used in conjunction with cytotoxic or 
molecular targeted therapies that enhance the effect 
of irradiation, the overall management of the pa-
tient is more complex and time consuming.

niques and the potential for errors that will under-
mine the therapeutic objectives and jeopardize the 
wellbeing of the patient demand more training and 
continuing education for all professionals involved 
in the management of patients treated with these 
modalities.

Several publications [187] have documented the 
time and effort of modern radiation therapy which 
is only partially impacted by increased experience 

Fig. 5.5 a 3DCRT and IMRT of patient with localized carcinoma of prostate. 
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On the other hand, innovative radiation therapy 
and dose optimization, with more precise coverage 
of the target volume and delivery of higher irradia-
tion doses with acceptable treatment morbidity has 
been documented to increase local-regional tumor 
control, survival with decreased incidence of distant 
metastasis, and better quality of life of the patient. 
Pollack et al. [188] and in an update of a randomized 
study comparing 70 Gy delivered with a convention-
al technique or 78 Gy with 3DCRT in localized car-
cinoma of the prostate documented improved out-
come in the patients treated with the higher dose. 
Perez and collaborators [187] in a study of patients 
with localized carcinoma of the prostate noted that 
the re-treatment of a patient who has a tumor re-
currence after initial treatment increases the total 
cost of therapy by about three to four times the cost 
of a patient treated successfully at initial treatment. 
Moreover, the cost of management of complications 
of treatment will also add to the overall cost of man-
agement of the patient.

As stated by Suit [189] “the history of medicine 
has repeatedly demonstrated that the perceived in-
creased efficacy and not the cost, primarily deter-
mine the fate of new technologies.”

5.6 Conclusions

Remarkable advances are evolving in radiation 
therapy technology that optimize the treatment of 
patients with cancer, with irradiation alone or com-
bined with other modalities (surgery, chemotherapy, 
hormones, or biologically targeted therapies). The 
increased complexity of this technology requires 
more rigorous training of all professionals involved 
in the radiation therapy process and more detailed 
and accurate quality assurance procedures to ensure 
an optimal treatment of our patients.

Accurate delineation of tumor, target volumes, 
and organs at risk is crucial to the quality of treat-
ment planning and delivery accomplished with in-
novative technologies in radiation therapy. Quality 

Fig. 5.5 (continued) b Dose-vol-
ume histogram of same patient
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pensated by a lower cost in the overall treatment of 
a patient, as additional management of initial treat-
ment failures or complications is threefold higher 
than the cost of successful and uncomplicated ini-
tial treatment.

assurance in all components of the treatment plan-
ning, delivery, and verification will ensure optimal 
patient care and better treatment outcome.

There is an increased cost in the application of in-
novative techniques, but in the long run this is com-
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SCOUT VIEW OF  
HEAD AND NECK REGION

SCOUT VIEW OF  
HEAD AND NECK REGION

Level Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

Ia Geniohyoid m., plane 
tangent to basilar 
edge of mandible

Plane tangent to body 
of hyoid bone

n.a.a Medial edge of ant. 
belly of digastric m.

Symphysis menti, 
platysma m.

Body of hyoid boneb

Ib Mylohyoid m., cranial 
edge of submandibu­
lar gland

Plane through central 
part of hyoid bone

Lateral edge of ant. 
belly of digastric m.

Basilar edge/inner 
side of mandible, 
platysma m., skin

Symphysis menti, 
platysma m.

Posterior edge of 
submandibular gland

IIa Caudal edge of lateral 
process of C1

Caudal edge of the 
body of hyoid bone

Medial edge 
of int. carotid artery, 
paraspinal (levator 
scapulae) m.

Medial edge of 
sternocleidomastoid 
m.

Post. edge of sub­
mandibular gland; 
ant. edge of int. 
carotid artery; post. 
edge of post. belly of 
digastric m.

Post. border of int. 
jugular vein

IIb Caudal edge of lateral 
process of C1

Caudal edge of the 
body of hyoid bone
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of int. carotid artery, 
paraspinal (levator 
scapulae) m.

Medial edge of 
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Post. border of int. 
jugular vein

Post. border of the 
sternocleidomas­
toid m.

III Caudal edge of the 
body of hyoid bone

Caudal edge of cricoid 
cartilage

Int. edge of carotid 
artery, paraspinal 
(scalene) m.

Medial edge of 
sternocleidomastoid 
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of the sternohyoid m.; 
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2 cm cranial to sterno­
clavicular joint
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rotid artery, paraspi­
nal (scalene) m.
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sternocleidomastoid 
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of sternocleidomas­
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CT slice encom­
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cervical vesselsc
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Sternal manubrium n.a. Medial edges 
of thyroid gland, skin 
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trachea and esopha­
guse

RP Base of skull Cranial edge of the 
body of hyoid bone

Midline Medial edge of int. 
carotid artery

Fascia under the 
pharyngeal mucosa

Prevertebral m. 
(longus colli, longus 
capitis)

a Midline structure lying between the medial borders of the anterior bellies of the digastric muscles
b The insertion of the thyroid muscle is often interposed between level Ia and the body of the hyoid bone
c For NPC, the reader is referred to the original description of the UICC/AJCC 1997 edition of the Ho’s triangle. In essence, the fatty planes below 

and around the clavicle down to the trapezius muscle
d For paratracheal and recurrent nodes, the cranial border is the caudal edge of the cricoid cartilage
e For pretracheal nodes, trachea and anterior edge of cricoid cartilage

Source: Modified from Gregoire V, Levendag P, Ang KK, et al. (2003) [78]
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Color legend

4  level IA
4  level IB
4  level II
4  level III
4  level Iv
4  level v
4  level vI
4  retrophAryngeAl nodes

AnAtomICAl referenCe poInts

 1 – longus CApItIs musCle

 2 – InternAl CArotId Artery

 3 – sternoCleIdomAstoId musCle

 4 – InternAl jugulAr veIn

 5 – lAterAl proCess of C1

 6 – longus CollI musCle

 7 – genIoglossus And genIohyoId musCles

 8 – mylohyoId musCle

 9 – pArAspInAl (levAtor sCApulAe) musCle

10 – suBmAndIBulAr glAnd

11 – AnterIor Belly of dIgAstrIC musCle

12 – externAl CArotId Artery

13 – posterIor Belly of dIgAstrIC musCle

14 – levAtor sCApulAe musCle

15 – splenIus CApItIs musCle

16 – trApezIus musCle

17 – hyoId Bone

18 – sCAlene musCle

19 – Common CArotId Artery

20 – CrICoId CArtIlAge

21 – thyroId CArtIlAge

22 – thyroId glAnd

23 – AnterIor sCAlene musCle

24 – mIddle sCAlene musCle

25 – posterIor sCAlene musCle

26 – trAnsverse CervICAl vessels

27 – suBClAvIAn veIn

28 – InnomInAte veIn
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Figs 6.1, 6.2 

4 RETROPHARYNGEAL NODES 

1 – LONGUS CAPITIS MUSCLE
2 – INTERNAL CAROTID ARTERY

6.1

6.2
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Figs. 6.3, 6.4 

4 RETROPHARYNGEAL NODES

1 – LONGUS CAPITIS MUSCLE
2 – INTERNAL CAROTID ARTERY 6.4

6.3
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Figs. 6.5, 6.6 

4 RETROPHARYNGEAL NODES

1 – LONGUS CAPITIS MUSCLE
2 – INTERNAL CAROTID ARTERY

6.5

6.6
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Figs. 6.7, 6.8 

4 RETROPHARYNGEAL NODES

1 – LONGUS CAPITIS MUSCLE
2 – INTERNAL CAROTID ARTERY

6.7

6.8
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Figs. 6.9, 6.10 

4 LEVEL II
4 RETROPHARYNGEAL NODES

1 – LONGUS CAPITIS MUSCLE
2 – INTERNAL CAROTID ARTERY 
3 – STERNOCLEIDOMASTOID MUSCLE 
4 – INTERNAL JUGULAR VEIN 
5 – LATERAL PROCESS OF C1

6.9

6.10
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Figs. 6.11, 6.12 

4 LEVEL II
4 RETROPHARYNGEAL NODES

2 – INTERNAL CAROTID ARTERY 
3 – STERNOCLEIDOMASTOID MUSCLE 
4 – INTERNAL JUGULAR VEIN 
6 – LONGUS COLLI MUSCLE 
7 – GENIOGLOSSUS AND GENIOHYOID MUSCLES 
8 – MYLOHYOID MUSCLE 
9 –  PARASPINAL (LEVATOR SCAPULAE)  

MUSCLE

6.11

6.12
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Figs. 6.13, 6.14 

4 LEVEL IB
4 LEVEL II
4 RETROPHARYNGEAL NODES

 2 – INTERNAL CAROTID ARTERY 
 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
 6 – LONGUS COLLI MUSCLE 
 7 –  GENIOGLOSSUS AND GENIOHYOID 

MUSCLES 
 8 – MYLOHYOID MUSCLE 
 9 – PARASPINAL (LEVATOR SCAPULAE) MUSCLE 
10 – SUBMANDIBULAR GLAND 
11 –  ANTERIOR BELLY OF DIGASTRIC  

MUSCLE

6.13

6.14
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Figs. 6.15, 6.16 

4 LEVEL IB
4 LEVEL II
4 RETROPHARYNGEAL NODES

 2 – INTERNAL CAROTID ARTERY 
 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
 6 – LONGUS COLLI MUSCLE 
 7 –  GENIOGLOSSUS AND GENIOHYOID 

MUSCLES 
 8 – MYLOHYOID MUSCLE 
10 – SUBMANDIBULAR GLAND 
11 –  ANTERIOR BELLY OF DIGASTRIC  

MUSCLE 
12 – EXTERNAL CAROTID ARTERY

6.15

6.16
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Figs. 6.17, 6.18 

4 LEVEL IA
4 LEVEL IB
4 LEVEL II
4 RETROPHARYNGEAL NODES

 2 – INTERNAL CAROTID ARTERY 
 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
 6 – LONGUS COLLI MUSCLE 
 7 –  GENIOGLOSSUS AND GENIOHYOID 

MUSCLES 
10 – SUBMANDIBULAR GLAND 
11 – ANTERIOR BELLY OF DIGASTRIC MUSCLE 
12 – EXTERNAL CAROTID ARTERY 
13 –  POSTERIOR BELLY OF DIGASTRIC  

MUSCLE

6.17

6.18
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Figs. 6.19, 6.20 

4 LEVEL IA
4 LEVEL IB 
4 LEVEL II
4 LEVEL V
4 RETROPHARYNGEAL NODES

 2 – INTERNAL CAROTID ARTERY 
 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
 6 – LONGUS COLLI MUSCLE 
 7 – GENIOHYOID MUSCLE 
10 – SUBMANDIBULAR GLAND 
11 – ANTERIOR BELLY OF DIGASTRIC MUSCLE 
12 – EXTERNAL CAROTID ARTERY 
13 – POSTERIOR BELLY OF DIGASTRIC MUSCLE 
14 – LEVATOR SCAPULAE MUSCLE 
15 – SPLENIUS CAPITIS MUSCLE 
16 – TRAPEZIUS MUSCLE

6.19

6.20
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Figs. 6.21, 6.22 

4 LEVEL IB
4 LEVEL II
4 LEVEL V

 2 – INTERNAL CAROTID ARTERY 
 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
 7 – GENIOHYOID MUSCLE 
10 – SUBMANDIBULAR GLAND 
12 – EXTERNAL CAROTID ARTERY 
14 – LEVATOR SCAPULAE MUSCLE 
15 – SPLENIUS CAPITIS MUSCLE 
16 – TRAPEZIUS MUSCLE 
17 – HYOID BONE 6.22

6.21
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Figs. 6.23, 6.24 

4 LEVEL II 
4 LEVEL III
4 LEVEL V

 2 – INTERNAL CAROTID ARTERY 
 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
12 – EXTERNAL CAROTID ARTERY 
14 – LEVATOR SCAPULAE MUSCLE 
15 – SPLENIUS CAPITIS MUSCLE 
16 – TRAPEZIUS MUSCLE 
18 – SCALENE MUSCLE 6.24

6.23
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Figs. 6.25, 6.26 

4 LEVEL III
4 LEVEL V

 2 – INTERNAL CAROTID ARTERY 
 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
12 – EXTERNAL CAROTID ARTERY 
14 – LEVATOR SCAPULAE MUSCLE 
15 – SPLENIUS CAPITIS MUSCLE 
16 – TRAPEZIUS MUSCLE 
18 – SCALENE MUSCLE 6.26

6.25
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Figs. 6.27, 6.28 

4 LEVEL III
4 LEVEL V

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
15 – SPLENIUS CAPITIS MUSCLE 
16 – TRAPEZIUS MUSCLE 
18 – SCALENE MUSCLE 
19 – COMMON CAROTID ARTERY 6.28

6.27
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Figs. 6.29, 6.30 

4 LEVEL III
4 LEVEL V

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 6.30

6.29



6Head and Neck Lymph Nodes

81

Figs. 6.31, 6.32 

4 LEVEL III
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
20 – CRICOID CARTILAGE 
21 – THYROID CARTILAGE 6.32

6.31
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Figs. 6.33, 6.34 

4 LEVEL III
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
20 – CRICOID CARTILAGE

6.34

6.33



6Head and Neck Lymph Nodes

83

Figs. 6.35, 6.36 

4 LEVEL IV
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
22 – THYROID GLAND

6.36

6.35
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Figs. 6.37, 6.38 

4 LEVEL IV
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
22 – THYROID GLAND

6.38

6.37
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Figs. 6.39, 6.40 

4 LEVEL IV
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
22 – THYROID GLAND 
23 – ANTERIOR SCALENE MUSCLE 
24 – MIDDLE SCALENE MUSCLE 
25 – POSTERIOR SCALENE MUSCLE

6.40

6.39
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Figs. 6.41, 6.42 

4 LEVEL IV
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
14 – LEVATOR SCAPULAE MUSCLE 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
22 – THYROID GLAND 
23 – ANTERIOR SCALENE MUSCLE 
24 – MIDDLE SCALENE MUSCLE 
25 – POSTERIOR SCALENE MUSCLE

6.42

6.41
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Figs. 6.43, 6.44 

4 LEVEL IV
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
23 – ANTERIOR SCALENE MUSCLE 
24 – MIDDLE SCALENE MUSCLE 
25 – POSTERIOR SCALENE MUSCLE

6.44

6.43
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Figs. 6.45, 6.46 

4 LEVEL IV
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
23 – ANTERIOR SCALENE MUSCLE 
24 – MIDDLE SCALENE MUSCLE 
25 – POSTERIOR SCALENE MUSCLE

6.46

6.45
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Figs. 6.47, 6.48 

4 LEVEL IV
4 LEVEL V
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
16 – TRAPEZIUS MUSCLE 
19 – COMMON CAROTID ARTERY 
23 – ANTERIOR SCALENE MUSCLE 
24 – MIDDLE SCALENE MUSCLE 
25 – POSTERIOR SCALENE MUSCLE

6.48

6.47
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Figs. 6.49, 6.50 

4 LEVEL IV
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
19 – COMMON CAROTID ARTERY 
26 – TRANSVERSE CERVICAL VESSELS

6.50

6.49
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Figs. 6.51, 6.52 

4 LEVEL IV
4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
19 – COMMON CAROTID ARTERY 
26 – TRANSVERSE CERVICAL VESSELS

6.52

6.51
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Figs. 6.53, 6.54 

4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
 4 – INTERNAL JUGULAR VEIN 
19 – COMMON CAROTID ARTERY 
26 – TRANSVERSE CERVICAL VESSELS 
27 – SUBCLAVIAN VEIN

6.54

6.53
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Figs. 6.55, 6.56 

4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
19 – COMMON CAROTID ARTERY 
26 – TRANSVERSE CERVICAL VESSELS 
28 – INNOMINATE VEIN

6.56

6.55
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Figs. 6.57, 6.58 

4 LEVEL VI

 3 – STERNOCLEIDOMASTOID MUSCLE 
19 – COMMON CAROTID ARTERY 
28 – INNOMINATE VEIN

6.58

6.57



6Head and Neck Lymph Nodes

95

Fig. 6.59 

4 LEVEL VI
19 – COMMON CAROTID ARTERY 
28 – INNOMINATE VEIN

6.59
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SCOUT VIEW OF  
mEdIaSTInUm

SCOUT VIEW OF  
mEdIaSTInUm

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

1R Thoracic inleta Horizontal plane 
passing through line 1b

Trachea, thyroid Right lung, right 
common carotid artery

Right clavicle, right brachio­
cephalic vein, thyroid

Anterior limit of station 3P, 
right subclavian artery

1L Thoracic inleta Horizontal plane 
passing through line 1b

Trachea, thyroid Left lung Left subclavian vein, thyroid, 
left clavicle, left brachio­
cephalic vein

Anterior limit of station 3P, 
left subclavian artery, left 
common carotid artery

2R Horizontal plane 
passing through line 1b

Horizontal plane 
passing through line 2b

Trachea, brachioc­
ephalic trunk, station 2L

Right lung, right subcla­
vian artery

Brachiocephalic trunk, 
right brachiocephalic vein, 
station 3A

Anterior limit of station 3P, 
trachea

2L Horizontal plane 
passing through line 1b

Horizontal plane pass­
ing through line 2b

Trachea, station 2R Left subclavian artery, 
left lung

Brachiocephalic trunk and 
left brachiocephalic vein

Anterior limit of station 3P, 
trachea

3A Horizontal plane 
tangential to the top of 
sternal manubrium

Horizontal plane 
passing through line 2b

– Right brachiocephalic 
vein, right and left lung

Sternum, clavicles Thyroid, brachiocephalic 
trunk, right and left brachio­
cephalic veins

3P Thoracic inleta Horizontal plane pass­
ing through carina

Esophagus Right and left lung, 
right and left subclavian 
artery, descending aorta

Trachea, station 1R, sta­
tion 1L, station 2R, station 2L, 
station 4R, station 4L

Esophagus, vertebral body

4R Horizontal plane 
passing through line 2b

Horizontal plane 
passing through line 3b

Aortic arch, trachea, 
station 4L

Right lung, superior 
vena cava, arch of the 
azygos

Right brachiocephalic vein, 
aortic arch, ascending aorta

Right anterior­lateral wall 
of trachea, station 3P, right 
main bronchus

4L Horizontal plane 
passing through line 2b

Horizontal plane 
passing through line 4b

Trachea, station 4R Aortic arch, left pulmo­
nary artery, ligamentum 
arteriosum

Ascending aorta, right 
and left pulmonary artery

Left anterior­lateral 
wall of the trachea, descend­
ing aorta, station 3P, left 
main bronchus

5 Horizontal plane 
passing through inferior 
border of aortic arch

Horizontal plane 
< through the most 
inferior aspect of left 
pulmonary artery

Ligamentum 
arteriosum, ascending 
aorta, main pulmonary 
artery

Left lung Posterior limit of station 6 Descending aorta, left 
pulmonary artery

6 Horizontal plane 
passing through line 2b

Horizontal plane < 
through auricle of right 
atrium

– Right and left lung Sternum Superior vena cava, left 
brachiocephalic vein, aortic 
arch, ascending aorta, pul­
monary trunk, station 5

7 Horizontal plane 
extending across 
the carina

Horizontal plane 
passing through the 
most inferior aspect 
of right pulmonary 
artery (where the two 
main bronchi are neatly 
separated)

– Medial wall of right 
and left main bronchi 
and of middle lobe 
bronchus

Right pulmonary artery Esophagus, station 8

8 Inferior limit 
of station 3P

Diaphragm – Descending aorta, right 
lung, azygos vein

Left atrium, esophagus, 
station 7

Vertebral body

a  The thoracic inlet marks the cervicothoracic junction. It can be represented by an imaginary plane tangential to the first rib and with oblique direction from the top  
downward and from the back toward the front

b For the definitions of the four main lines, see Chap. 3

Note: Hilar lymph nodes (stations 10R and 10L) lying adjacent to the bifurcation of the main bronchus in left and right lobar bronchi. The upper and lower limits are marked, 
respectively, by a plane cutting the main bronchi just below the carina and by a plane passing through the caudal limit of the main bronchi. These nodes are frequently located 
between the right and left pulmonary arteries and between the right and left main bronchi. Interlobar lymph nodes (stations 11R and 11L) are located in the fatty tissue lying 
between the lobar bronchi. The cranial limit of these nodal stations is therefore provided by the appearance of the lobar bronchi, while the caudal limit is provided by the 
further subdivision of the lobar bronchi on the axial plane. In the following images, stations 10 and 11 have been delineated as a single region

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

1R Thoracic inleta Horizontal plane 
passing through line 1b

Trachea, thyroid Right lung, right 
common carotid artery

Right clavicle, right brachio­
cephalic vein, thyroid

Anterior limit of station 3P, 
right subclavian artery

1L Thoracic inleta Horizontal plane 
passing through line 1b

Trachea, thyroid Left lung Left subclavian vein, thyroid, 
left clavicle, left brachio­
cephalic vein

Anterior limit of station 3P, 
left subclavian artery, left 
common carotid artery

2R Horizontal plane 
passing through line 1b

Horizontal plane 
passing through line 2b

Trachea, brachioc­
ephalic trunk, station 2L

Right lung, right subcla­
vian artery

Brachiocephalic trunk, 
right brachiocephalic vein, 
station 3A

Anterior limit of station 3P, 
trachea

2L Horizontal plane 
passing through line 1b

Horizontal plane pass­
ing through line 2b

Trachea, station 2R Left subclavian artery, 
left lung

Brachiocephalic trunk and 
left brachiocephalic vein

Anterior limit of station 3P, 
trachea

3A Horizontal plane 
tangential to the top of 
sternal manubrium

Horizontal plane 
passing through line 2b

– Right brachiocephalic 
vein, right and left lung

Sternum, clavicles Thyroid, brachiocephalic 
trunk, right and left brachio­
cephalic veins

3P Thoracic inleta Horizontal plane pass­
ing through carina

Esophagus Right and left lung, 
right and left subclavian 
artery, descending aorta

Trachea, station 1R, sta­
tion 1L, station 2R, station 2L, 
station 4R, station 4L

Esophagus, vertebral body

4R Horizontal plane 
passing through line 2b

Horizontal plane 
passing through line 3b

Aortic arch, trachea, 
station 4L

Right lung, superior 
vena cava, arch of the 
azygos

Right brachiocephalic vein, 
aortic arch, ascending aorta

Right anterior­lateral wall 
of trachea, station 3P, right 
main bronchus

4L Horizontal plane 
passing through line 2b

Horizontal plane 
passing through line 4b

Trachea, station 4R Aortic arch, left pulmo­
nary artery, ligamentum 
arteriosum

Ascending aorta, right 
and left pulmonary artery

Left anterior­lateral 
wall of the trachea, descend­
ing aorta, station 3P, left 
main bronchus

5 Horizontal plane 
passing through inferior 
border of aortic arch

Horizontal plane 
< through the most 
inferior aspect of left 
pulmonary artery

Ligamentum 
arteriosum, ascending 
aorta, main pulmonary 
artery

Left lung Posterior limit of station 6 Descending aorta, left 
pulmonary artery

6 Horizontal plane 
passing through line 2b

Horizontal plane < 
through auricle of right 
atrium

– Right and left lung Sternum Superior vena cava, left 
brachiocephalic vein, aortic 
arch, ascending aorta, pul­
monary trunk, station 5

7 Horizontal plane 
extending across 
the carina

Horizontal plane 
passing through the 
most inferior aspect 
of right pulmonary 
artery (where the two 
main bronchi are neatly 
separated)

– Medial wall of right 
and left main bronchi 
and of middle lobe 
bronchus

Right pulmonary artery Esophagus, station 8

8 Inferior limit 
of station 3P

Diaphragm – Descending aorta, right 
lung, azygos vein

Left atrium, esophagus, 
station 7

Vertebral body

a  The thoracic inlet marks the cervicothoracic junction. It can be represented by an imaginary plane tangential to the first rib and with oblique direction from the top  
downward and from the back toward the front

b For the definitions of the four main lines, see Chap. 3

Note: Hilar lymph nodes (stations 10R and 10L) lying adjacent to the bifurcation of the main bronchus in left and right lobar bronchi. The upper and lower limits are marked, 
respectively, by a plane cutting the main bronchi just below the carina and by a plane passing through the caudal limit of the main bronchi. These nodes are frequently located 
between the right and left pulmonary arteries and between the right and left main bronchi. Interlobar lymph nodes (stations 11R and 11L) are located in the fatty tissue lying 
between the lobar bronchi. The cranial limit of these nodal stations is therefore provided by the appearance of the lobar bronchi, while the caudal limit is provided by the 
further subdivision of the lobar bronchi on the axial plane. In the following images, stations 10 and 11 have been delineated as a single region
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Color legend

4  hIghest medIAstInAl nodes (1)
4  upper pArAtrACheAl nodes (2)
4   prevAsCulAr (3A) And retrotrACheAl 

nodes (3p)
4  lower pArAtrACheAl nodes (4)
4  suBAortIC nodes (5)
4  pArA-AortIC nodes (6)
4  suBC ArInAl nodes (7)
4  pArAesophAgeAl nodes (8)
4  hIlAr (10) And InterloBAr (11) nodes

AnAtomICAl referenCe poInts

 1 – rIght suBClAvIAn veIn

 2 – rIght Common CArotId Artery

 3 – thyroId

 4 – left suBClAvIAn veIn

 5 – rIght suBClAvIAn Artery

 6 – esophAgus

 7 – left Common CArotId Artery

 8 – left suBClAvIAn Artery

 9 – rIght BrAChIoCephAlIC veIn

10 – left BrAChIoCephAlIC veIn

11 – BrAChIoCephAlIC trunk

12 – AortIC ArCh

13 – superIor venA CAvA

14 – desCendIng AortA

15 – AsCendIng AortA

16 – A z ygos veIn

17 – ArCh of A z ygos veIn

18 – left pulmonAry Artery

19 – mAIn pulmonAry Artery

20 – rIght pulmonAry Artery

21 – left superIor pulmonAry veIn

22 – rIght superIor pulmonAry veIn

23 – rIght AtrIum

24 – left AtrIum

25 – left ventrICle
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Figs. 7.1, 7.2 

4 HIGHEST MEDIASTINAL NODES (1)
4  PREVASCULAR (3A) AND RETROTRACHEAL 

NODES (3P)

1 – RIGHT SUBCLAVIAN VEIN 
2 – RIGHT COMMON CAROTID ARTERY 
3 – THYROID 
4 – LEFT SUBCLAVIAN VEIN 
5 – RIGHT SUBCLAVIAN ARTERY 
6 – ESOPHAGUS 
7 – LEFT COMMON CAROTID ARTERY 
8 – LEFT SUBCLAVIAN ARTERY

7.2

7.1
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Figs. 7.3, 7.4 

4 HIGHEST MEDIASTINAL NODES (1)
4  PREVASCULAR (3A) AND RETROTRACHEAL 

NODES (3P)

 2 – RIGHT COMMON CAROTID ARTERY 
 3 – THYROID 
 5 – RIGHT SUBCLAVIAN ARTERY 
 6 – ESOPHAGUS 
 7 – LEFT COMMON CAROTID ARTERY 
 8 – LEFT SUBCLAVIAN ARTERY 
 9 – RIGHT BRACHIOCEPHALIC VEIN 
10 – LEFT BRACHIOCEPHALIC VEIN

7.4

7.3
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Figs. 7.5, 7.6 

4 HIGHEST MEDIASTINAL NODES (1)
4 UPPER PARATRACHEAL NODES (2)
4  PREVASCULAR (3A) AND RETROTRACHEAL 

NODES (3P)

 2 – RIGHT COMMON CAROTID ARTERY 
 3 – THYROID 
 5 – RIGHT SUBCLAVIAN ARTERY 
 6 – ESOPHAGUS 
 7 – LEFT COMMON CAROTID ARTERY 
 8 – LEFT SUBCLAVIAN ARTERY 
 9 – RIGHT BRACHIOCEPHALIC VEIN 
10 – LEFT BRACHIOCEPHALIC VEIN 
11 – BRACHIOCEPHALIC TRUNK

7.6

7.5
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Figs. 7.7, 7.8 

4 UPPER PARATRACHEAL NODES (2)
4  PREVASCULAR (3A) AND RETROTRACHEAL 

NODES (3P)

 6 – ESOPHAGUS 
 7 – LEFT COMMON CAROTID ARTERY 
 8 – LEFT SUBCLAVIAN ARTERY 
 9 – RIGHT BRACHIOCEPHALIC VEIN 
10 – LEFT BRACHIOCEPHALIC VEIN 
11 – BRACHIOCEPHALIC TRUNK

7.8

7.7
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Figs. 7.9, 7.10 

4 RETROTRACHEAL NODES (3P)
4 LOWER PARATRACHEAL NODES (4)
4 PARA-AORTIC NODES (6)

 6 – ESOPHAGUS 
 9 – RIGHT BRACHIOCEPHALIC VEIN 
10 – LEFT BRACHIOCEPHALIC VEIN 
12 – AORTIC ARCH

7.10

7.9
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Figs. 7.11, 7.12 

4 RETROTRACHEAL NODES (3P)
4 LOWER PARATRACHEAL NODES (4)
4 PARA-AORTIC NODES (6)

 6 – ESOPHAGUS 
 9 – RIGHT BRACHIOCEPHALIC VEIN 
10 – LEFT BRACHIOCEPHALIC VEIN 
12 – AORTIC ARCH 
13 – SUPERIOR VENA CAVA

7.12

7.11
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Figs. 7.13, 7.14 

4 RETROTRACHEAL NODES (3P)
4 LOWER PARATRACHEAL NODES (4)
4 SUBAORTIC NODES (5)
4 PARA-AORTIC NODES (6)

 6 – ESOPHAGUS 
13 – SUPERIOR VENA CAVA 
14 – DESCENDING AORTA 
15 – ASCENDING AORTA 
16 – AZYGOS VEIN 
17 – ARCH OF AZYGOS VEIN

7.14

7.13
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Figs. 7.15, 7.16 

4 RETROTRACHEAL NODES (3P)
4 LOWER PARATRACHEAL NODES (4)
4 SUBAORTIC NODES (5)
4 PARA-AORTIC NODES (6)
4 PARAESOPHAGEAL NODES (8)
4 HILAR (10) AND INTERLOBAR (11) NODES

 6 – ESOPHAGUS 
13 – SUPERIOR VENA CAVA 
14 – DESCENDING AORTA 
15 – ASCENDING AORTA 
16 – AZYGOS VEIN 
18 – LEFT PULMONARY ARTERY 
19 – MAIN PULMONARY ARTERY

7.16

7.15
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Figs. 7.17, 7.18 

4 LOWER PARATRACHEAL NODES (4)
4 SUBAORTIC NODES (5)
4 PARA-AORTIC NODES (6)
4 SUBCARINAL NODES (7)
4 PARAESOPHAGEAL NODES (8)
4 HILAR (10) AND INTERLOBAR (11) NODES

 6 – ESOPHAGUS 
13 – SUPERIOR VENA CAVA 
14 – DESCENDING AORTA 
15 – ASCENDING AORTA 
18 – LEFT PULMONARY ARTERY 
19 – MAIN PULMONARY ARTERY 
20 – RIGHT PULMONARY ARTERY

7.18

7.17
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Figs. 7.19, 7.20 

4 LOWER PARATRACHEAL NODES (4)
4 SUBAORTIC NODES (5)
4  PARA-AORTIC NODES (6) 
4 SUBCARINAL NODES (7) 
4 PARAESOPHAGEAL NODES (8)
4 HILAR (10) AND INTERLOBAR (11) NODES

 6 – ESOPHAGUS 
13 – SUPERIOR VENA CAVA 
14 – DESCENDING AORTA 
15 – ASCENDING AORTA 
18 – LEFT PULMONARY ARTERY 
19 – MAIN PULMONARY ARTERY 
20 – RIGHT PULMONARY ARTERY 
21 – LEFT SUPERIOR PULMONARY VEIN 
22 – RIGHT SUPERIOR PULMONARY VEIN

7.20

7.19
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Figs. 7.21, 7.22 

4 PARA-AORTIC NODES (6)
4 SUBCARINAL NODES (7)
4 PARAESOPHAGEAL NODES (8)
4 HILAR (10) AND INTERLOBAR (11) NODES 

 6 – ESOPHAGUS 
13 – SUPERIOR VENA CAVA 
14 – DESCENDING AORTA 
15 – ASCENDING AORTA 
19 – MAIN PULMONARY ARTERY 
20 – RIGHT PULMONARY ARTERY 
21 – LEFT SUPERIOR PULMONARY VEIN 
22 – RIGHT SUPERIOR PULMONARY VEIN 
23 – RIGHT ATRIUM (AURICLE) 
24 – LEFT ATRIUM (AURICLE) 
25 – LEFT VENTRICLE

7.22

7.21
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Figs. 7.23, 7.24 

4 PARAESOPHAGEAL NODES (8)
4 HILAR (10) AND INTERLOBAR (11) NODES

 6 – ESOPHAGUS 
14 – DESCENDING AORTA 
24 – LEFT ATRIUM

7.24

7.23
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Fig. 7.25 

4 PARAESOPHAGEAL NODES (8)

 6 – ESOPHAGUS 
14 – DESCENDING AORTA 
24 – LEFT ATRIUM

7.25
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* This chapter has been written with the contributions  
of Antonietta Augurio, Raffaella Basilico, and Marco D’Alessandro
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SCOUT VIEW OF  
UppEr abdOmInal rEgIOn

SCOUT VIEW OF  
UppEr abdOmInal rEgIOn

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

1 Right paracardial nodes Plane through upper border of 
cardia (~T9–T10)

Plane through lower border of 
cardia (~T10–T11)

Cardia Liver (superiorly), left dia-
phragmatic crus (inferiorly)

Liver Cardia (superiorly), 
abdominal aorta 
(inferiorly)

2 Left paracardial nodes Plane through upper border of 
cardia (~T9–T10)

Plane through lower border of 
cardia (~T10–T11)

Cardia Stomach Liver Cardia (superiorly), 
abdominal aorta 
(inferiorly)

3

7

Nodes along the lesser 
curvaturea

Nodes along the left 
gastric artery

Plane through upper limit of the 
body and fundus of the stomach

Plane through lower limit of the 
body and fundus of the stomach

Left lobe of liver Lesser gastric curvature Fatty tissue Stomach

4 Nodes along the greater 
gastric curvature

Plane through upper limit of the 
body and fundus of the stomach

Plane through lower limit of 
body of stomach

Greater gastric 
curvature

Intestine and left colic 
(splenic) flexure

Intestine Spleen, anterior 
limit of station 10

5 Suprapyloric nodes Plane through superior border of 
the pyloric region of the stomach

Plane through lower limit of the 
hepatic hilum

Fatty tissue Ascending colon or liver 
(near the bed of the 
gallbladder)

Intestine Pylorus

6 Infrapyloric nodes Plane through upper limit of 
duodenum

1–1.5 cm caudal to the pylorus Fatty tissue Right colic (hepatic) flexure 
of the ascending colon or 
liver (near the bed of the 
gallbladder)

Intestine Duodenum

8

12

Nodes along the com-
mon hepatic artery
Nodes in the hepatoduo-
denal ligament

Horizontal plane through the 
origin of celiac trunk

Intervertebral space T11–T12 Celiac trunk region 
(superiorly), pan-
creas (inferiorly) 

Liver Left lobe of liver 
(superiorly), 
antropyloric region 
(inferiorly)

Inferior vena cava

9 Nodes around the celiac 
artery

Horizontal plane through the 
origin of celiac trunk

Plane passing above the origin of 
the mesenteric vessels

– Liver (to the right), stomach 
(to the left)

Stomach Aorta

10 Nodes at the splenic 
hilum

Superior limit of the vessels of 
splenic hilum

Lower limit of the vessels of 
splenic hilum

Body of stomach 
(superiorly), tail of 
pancreas (inferiorly)

Spleen Posterior limit of 
station 4

Spleen

11 Nodes along the splenic 
artery

Superior limit of splenic artery Lower limit of splenic artery Abdominal aorta Fatty tissue Body of pancreas Splenic hilum

13 Posterior pancreati-
coduodenal nodes

Plane through superior border of 
the head of pancreas

Plane through lower border of 
the head of pancreas

Abdominal aorta Descending (2nd) part of 
duodenum

Head of pancreas Inferior vena cava

14 Nodes along the superior 
mesenteric vesselsb

Superior limit of mesenteric ves-
sels (~interspace T11–T12)

Plane through the origin of the 
superior mesenteric artery (~T12)

– Head of pancreas Head and isthmus 
of the pancreas

Abdominal aorta

16 Nodes around the 
abdominal aorta

Plane through upper limit of the 
celiac trunk

Aortic division into iliac vessels – – – Vertebral bodies

17 Anterior pancreaticoduo-
denal nodes

Plane through superior border of 
the head of pancreas

Plane through lower border of 
the head of pancreas 

Intestine Superior (1st) and descend-
ing (2nd) part of duodenum

Intestine Head of pancreas

18 Nodes along the inferior 
margin of the pancreas

Plane through superior border of 
the body of pancreas

Caudal limit of the body and tail 
of pancreas

– – Head and tail of 
pancreas

Abdominal aorta, 
left kidney and left 
suprarenal gland

20

110

111

112

Nodes in the esophageal 
hiatus of the diaphragm
Paraesophageal nodes in 
the lower thorax
Supradiaphragmatic 
nodes
Posterior mediastinal 
nodes

Carina Esophageal hiatus of the 
diaphragm

– Right: lung (superiorly), in-
ferior vena cava (inferiorly) 
Left: left pulmonary hilum 
(superiorly), thoracic and 
abdominal aorta (inferiorly)

Bronchi (superi-
orly), heart and 
liver (inferiorly)

Vertebral bodies

a Station 19 (infradiaphragmatic lymph nodes) has been considered together with station 3 (lymph nodes along the lesser curvature)
b Station 15 (nodes along the middle colic vessels) has been considered together with station 14 (nodes along the superior mesenteric vessels)

Station Anatomical boundaries

Cranial Caudal Medial Lateral Anterior Posterior

1 Right paracardial nodes Plane through upper border of 
cardia (~T9–T10)

Plane through lower border of 
cardia (~T10–T11)

Cardia Liver (superiorly), left dia-
phragmatic crus (inferiorly)

Liver Cardia (superiorly), 
abdominal aorta 
(inferiorly)

2 Left paracardial nodes Plane through upper border of 
cardia (~T9–T10)

Plane through lower border of 
cardia (~T10–T11)

Cardia Stomach Liver Cardia (superiorly), 
abdominal aorta 
(inferiorly)

3

7

Nodes along the lesser 
curvaturea

Nodes along the left 
gastric artery

Plane through upper limit of the 
body and fundus of the stomach

Plane through lower limit of the 
body and fundus of the stomach

Left lobe of liver Lesser gastric curvature Fatty tissue Stomach

4 Nodes along the greater 
gastric curvature

Plane through upper limit of the 
body and fundus of the stomach

Plane through lower limit of 
body of stomach

Greater gastric 
curvature

Intestine and left colic 
(splenic) flexure

Intestine Spleen, anterior 
limit of station 10

5 Suprapyloric nodes Plane through superior border of 
the pyloric region of the stomach

Plane through lower limit of the 
hepatic hilum

Fatty tissue Ascending colon or liver 
(near the bed of the 
gallbladder)

Intestine Pylorus

6 Infrapyloric nodes Plane through upper limit of 
duodenum

1–1.5 cm caudal to the pylorus Fatty tissue Right colic (hepatic) flexure 
of the ascending colon or 
liver (near the bed of the 
gallbladder)

Intestine Duodenum

8

12

Nodes along the com-
mon hepatic artery
Nodes in the hepatoduo-
denal ligament

Horizontal plane through the 
origin of celiac trunk

Intervertebral space T11–T12 Celiac trunk region 
(superiorly), pan-
creas (inferiorly) 

Liver Left lobe of liver 
(superiorly), 
antropyloric region 
(inferiorly)

Inferior vena cava

9 Nodes around the celiac 
artery

Horizontal plane through the 
origin of celiac trunk

Plane passing above the origin of 
the mesenteric vessels

– Liver (to the right), stomach 
(to the left)

Stomach Aorta

10 Nodes at the splenic 
hilum

Superior limit of the vessels of 
splenic hilum

Lower limit of the vessels of 
splenic hilum

Body of stomach 
(superiorly), tail of 
pancreas (inferiorly)

Spleen Posterior limit of 
station 4

Spleen

11 Nodes along the splenic 
artery

Superior limit of splenic artery Lower limit of splenic artery Abdominal aorta Fatty tissue Body of pancreas Splenic hilum

13 Posterior pancreati-
coduodenal nodes

Plane through superior border of 
the head of pancreas

Plane through lower border of 
the head of pancreas

Abdominal aorta Descending (2nd) part of 
duodenum

Head of pancreas Inferior vena cava

14 Nodes along the superior 
mesenteric vesselsb

Superior limit of mesenteric ves-
sels (~interspace T11–T12)

Plane through the origin of the 
superior mesenteric artery (~T12)

– Head of pancreas Head and isthmus 
of the pancreas

Abdominal aorta

16 Nodes around the 
abdominal aorta

Plane through upper limit of the 
celiac trunk

Aortic division into iliac vessels – – – Vertebral bodies

17 Anterior pancreaticoduo-
denal nodes

Plane through superior border of 
the head of pancreas

Plane through lower border of 
the head of pancreas 

Intestine Superior (1st) and descend-
ing (2nd) part of duodenum

Intestine Head of pancreas

18 Nodes along the inferior 
margin of the pancreas

Plane through superior border of 
the body of pancreas

Caudal limit of the body and tail 
of pancreas

– – Head and tail of 
pancreas

Abdominal aorta, 
left kidney and left 
suprarenal gland

20

110

111

112

Nodes in the esophageal 
hiatus of the diaphragm
Paraesophageal nodes in 
the lower thorax
Supradiaphragmatic 
nodes
Posterior mediastinal 
nodes

Carina Esophageal hiatus of the 
diaphragm

– Right: lung (superiorly), in-
ferior vena cava (inferiorly) 
Left: left pulmonary hilum 
(superiorly), thoracic and 
abdominal aorta (inferiorly)

Bronchi (superi-
orly), heart and 
liver (inferiorly)

Vertebral bodies

a Station 19 (infradiaphragmatic lymph nodes) has been considered together with station 3 (lymph nodes along the lesser curvature)
b Station 15 (nodes along the middle colic vessels) has been considered together with station 14 (nodes along the superior mesenteric vessels)
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Color legend

4  rIght pArAC ArdIAl nodes (1)
4  left pArAC ArdIAl nodes (2)
4   nodes Along lesser gAstrIC CurvAture (3) 

And nodes Along the left gAstrIC Artery 
(7)

4   nodes Along the greAter gAstrIC CurvA-
ture (4)

4  suprApylorIC nodes (5)
4  InfrApylorIC nodes (6)
4   nodes Along the Common hepAtIC Artery 

(8) And nodes In the hepAtoduodenAl lIgA-
ment (12)

4  CelIAC nodes (9)
4  nodes At the splenIC hIlum (10)
4  nodes Along the splenIC Artery (11)
4   posterIor pAnCreAtICoduodenAl  

nodes (13)
4   nodes Along the superIor mesenterIC ves-

sels (14)
4   nodes Around the ABdomInAl AortA (16)
4   AnterIor pAnCreAtICoduodenAl nodes (17)
4   nodes Along the InferIor mArgIn of the 

pAnCreAs (18)
4   perIesophAgeAl nodes: nodes In the 

esophAgeAl hIAtus of the dIAphrAgm (20),  
pArAesophAgeAl nodes In the lower tho-
rAx (110),  
suprAdIAphrAgmAtIC nodes (111), And pos-
terIor medIAstInAl nodes (112)

AnAtomICAl referenCe poInts

 1 – desCendIng AortA

 2 – esophAgus

 3 – lIver

 4 – InferIor venA CAvA

 5 – left dIAphrAgmAtIC Crus

 6 – spleen

 7 – stomACh

 8 – CArdIA

 9 – 10th thorACIC verteBrA

10 – vessels of the splenIC hIlum

11 – CelIAC trunk

12 – pylorIC regIon of the stomACh

13 – splenIC Artery

14 – pAnCreAs

15 – 11th thorACIC verteBrA

16 – gAllBlAdder

17 – hepAtIC flexure of the AsCendIng Colon

18 – Body of pAnCreAs

19 – tAIl of pAnCreAs

20 – duodenum

21 – Isthmus of pAnCreAs

22 – heAd of pAnCreAs

23 – superIor mesenterIC Artery

24 – AsCendIng Colon

25 – 12th thorACIC verteBrA

26 – BIfurCAtIon of the ABdomInAl AortA
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Figs. 8.1, 8.2 

4  PERIESOPHAGEAL NODES: NODES IN 
THE ESOPHAGEAL HIATUS OF THE 
 DIAPHRAGM (20),  
PARAESOPHAGEAL NODES IN THE LOWER 
THORAX (110),  
SUPRADIAPHRAGMATIC NODES (111) AND 
POSTERIOR MEDIASTINAL NODES (112)

1 – DESCENDING AORTA 
2 – ESOPHAGUS

8.2

8.1
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Figs. 8.3, 8.4 

4  PERIESOPHAGEAL NODES: NODES IN 
THE ESOPHAGEAL HIATUS OF THE 
 DIAPHRAGM (20),  
PARAESOPHAGEAL NODES IN THE LOWER 
THORAX (110), 
SUPRADIAPHRAGMATIC NODES (111) AND-
POSTERIOR MEDIASTINAL NODES (112)

1 – DESCENDING AORTA 
2 – ESOPHAGUS 
3 – LIVER

8.4

8.3



A Guide for  Del ineat ion of  Lymph Nodal  Cl in ical  Target  Volume in  R adiat ion Therapy

118

Figs. 8.5, 8.6 

4  PERIESOPHAGEAL NODES: NODES IN 
THE ESOPHAGEAL HIATUS OF THE 
 DIAPHRAGM (20),  
PARAESOPHAGEAL NODES IN THE LOWER 
THORAX (110), 
SUPRADIAPHRAGMATIC NODES (111) AND-
POSTERIOR MEDIASTINAL NODES (112)

1 – DESCENDING AORTA 
2 – ESOPHAGUS 
3 – LIVER 
4 – INFERIOR VENA CAVA

8.6

8.5
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Figs. 8.7, 8.8 

4  NODES ALONG THE LESSER GASTRIC 
CURVATURE (3) AND NODES ALONG THE 
LEFT GASTRIC ARTERY (7)

4  NODES ALONG THE GREATER GASTRIC 
CURVATURE (4)

4  PERIESOPHAGEAL NODES: NODES IN 
THE ESOPHAGEAL HIATUS OF THE 
 DIAPHRAGM (20),  
PARAESOPHAGEAL NODES IN THE LOWER 
THORAX (110), 
SUPRADIAPHRAGMATIC NODES (111) AND-
POSTERIOR MEDIASTINAL NODES (112)

1 – DESCENDING AORTA 
2 – ESOPHAGUS 
3 – LIVER 
4 – INFERIOR VENA CAVA 
5 – LEFT DIAPHRAGMATIC CRUS 
6 – SPLEEN 
7 – STOMACH

8.8

8.7
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Figs. 8.9, 8.10 

4 RIGHT PARACARDIAL NODES (1)
4 LEFT PARACARDIAL NODES (2)
4  NODES ALONG THE LESSER GASTRIC 

CURVATURE (3) AND NODES ALONG THE 
LEFT GASTRIC ARTERY (7)

4  NODES ALONG THE GREATER GASTRIC 
CURVATURE (4)

4  PERIESOPHAGEAL NODES: NODES IN 
THE ESOPHAGEAL HIATUS OF THE 
 DIAPHRAGM (20),   
PARAESOPHAGEAL NODES IN THE LOWER 
THORAX (110), 
SUPRADIAPHRAGMATIC NODES (111) AND-
POSTERIOR MEDIASTINAL NODES (112)

1 – DESCENDING AORTA 
2 – ESOPHAGUS 
3 – LIVER 
4 – INFERIOR VENA CAVA 
5 – LEFT DIAPHRAGMATIC CRUS 
6 – SPLEEN 
7 – STOMACH 
8 – CARDIA 
9 – 10TH THORACIC VERTEBRA

8.10

8.9
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Figs. 8.11, 8.12 

4 RIGHT PARACARDIAL NODES (1)
4 LEFT PARACARDIAL NODES (2)
4  NODES ALONG THE LESSER GASTRIC 

CURVATURE (3) AND NODES ALONG THE 
LEFT GASTRIC ARTERY (7)

4  NODES ALONG THE GREATER GASTRIC 
CURVATURE (4)

1 – DESCENDING AORTA 
3 – LIVER 
4 – INFERIOR VENA CAVA 
6 – SPLEEN 
7 – STOMACH 
8 – CARDIA

8.12

8.11
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Figs. 8.13, 8.14

4  NODES ALONG THE LESSER GASTRIC 
CURVATURE (3) AND NODES ALONG THE 
LEFT GASTRIC ARTERY (7)

4  NODES ALONG THE GREATER GASTRIC 
CURVATURE (4)

4  NODES ALONG THE COMMON HEPATIC 
ARTERY (8) AND NODES IN THE HEPATODUO-
DENAL LIGAMENT (12)

4  CELIAC NODES (9). 
4 NODES AT THE SPLENIC HILUM (10)
4  NODES AROUND THE ABDOMINAL AORTA 

(16)

 1 – DESCENDING AORTA 
 3 – LIVER 
 4 – INFERIOR VENA CAVA 
 6 – SPLEEN 
 7 – STOMACH 
10 – VESSELS OF THE SPLENIC HILUM 
11 – CELIAC TRUNK

8.14

8.13
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Figs. 8.15, 8.16 

4 SUPRAPYLORIC NODES (5)
4  NODES ALONG THE COMMON HEPATIC 

ARTERY (8) AND NODES IN THE HEPATODUO-
DENAL LIGAMENT (12)

4 NODES AT THE SPLENIC HILUM (10)
4 NODES ALONG THE SPLENIC ARTERY (11)
4  NODES AROUND THE ABDOMINAL AORTA 

(16)
4  NODES ALONG THE INFERIOR MARGIN 

OF THE PANCREAS (18)

 1 – DESCENDING AORTA 
 3 – LIVER 
 4 – INFERIOR VENA CAVA 
 6 – SPLEEN 
10 – VESSELS OF THE SPLENIC HILUM 
12 – PYLORIC REGION OF THE STOMACH 
13 – SPLENIC ARTERY 
14 – PANCREAS 
15 – 11TH THORACIC VERTEBRA

8.16

8.15
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Figs. 8.17, 8.18 

4 SUPRAPYLORIC NODES (5)
4  NODES ALONG THE COMMON HEPATIC 

ARTERY (8) AND NODES IN THE HEPATODUO-
DENAL LIGAMENT (12)

4  NODES AT THE SPLENIC HILUM (10) 
4 NODES ALONG THE SPLENIC ARTERY (11)
4  NODES AROUND THE ABDOMINAL AORTA 

(16). 
5  NODES ALONG THE INFERIOR MARGIN 

OF THE PANCREAS (18)

 1 – DESCENDING AORTA 
 3 – LIVER 
 4 – INFERIOR VENA CAVA 
 6 – SPLEEN 
10 – VESSELS OF THE SPLENIC HILUM 
12 – PYLORIC REGION OF THE STOMACH 
13 – SPLENIC ARTERY 
14 – PANCREAS 
16 – GALLBLADDER 
17 –  HEPATIC FLEXURE OF THE ASCENDING 

COLON 
18 – BODY OF PANCREAS 
19 – TAIL OF PANCREAS 
20 – DUODENUM

8.18

8.17
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Figs. 8.19, 8.20 

4 INFRAPYLORIC NODES (6)
4 NODES AT THE SPLENIC HILUM (10)
4  NODES ALONG THE SUPERIOR MESENTERIC 

VESSELS (14)
4  NODES AROUND THE ABDOMINAL AORTA 

(16)
4  ANTERIOR PANCREATICODUODENAL NODES 

(17)
4  NODES ALONG THE INFERIOR MARGIN 

OF THE PANCREAS (18)

 1 – DESCENDING AORTA 
 3 – LIVER 
 4 – INFERIOR VENA CAVA 
 6 – SPLEEN 
16 – GALLBLADDER 
18 – BODY OF PANCREAS 
19 – TAIL OF PANCREAS 
20 – DUODENUM 
21 – ISTHMUS OF PANCREAS 
22 – HEAD OF PANCREAS 
23 – SUPERIOR MESENTERIC ARTERY

8.20

8.19
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Figs. 8.21, 8.22 

4 INFRAPYLORIC NODES (6)
4  POSTERIOR PANCREATICODUODENAL NODES 

(13)
4  NODES ALONG THE SUPERIOR MESENTERIC 

VESSELS (14)
4  NODES AROUND THE ABDOMINAL AORTA 

(16)
4  ANTERIOR PANCREATICODUODENAL NODES 

(17)
4  NODES ALONG THE INFERIOR MARGIN 

OF THE PANCREAS (18). 

 1 – DESCENDING AORTA 
 3 – LIVER 
 4 – INFERIOR VENA CAVA 
 6 – SPLEEN 
16 – GALLBLADDER 
20 – DUODENUM 
22 – HEAD OF PANCREAS 
23 – SUPERIOR MESENTERIC ARTERY 
24 – ASCENDING COLON

8.22

8.21
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Figs. 8.23, 8.24 

4  POSTERIOR PANCREATICODUODENAL NODES 
(13)

4  NODES ALONG THE SUPERIOR MESENTERIC 
VESSELS (14)

4  NODES AROUND THE ABDOMINAL AORTA 
(16)

4  ANTERIOR PANCREATICODUODENAL NODES 
(17)

 1 – DESCENDING AORTA 
 3 – LIVER 
 4 – INFERIOR VENA CAVA 
 6 – SPLEEN 
16 – GALLBLADDER 
20 – DUODENUM 
22 – HEAD OF PANCREAS 
23 – SUPERIOR MESENTERIC ARTERY 
24 – ASCENDING COLON 
25 – 12TH THORACIC VERTEBRA

8.24

8.23
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Figs. 8.25, 8.26 

4  POSTERIOR PANCREATICODUODENAL NODES 
(13)

4  NODES ALONG THE SUPERIOR MESENTERIC 
VESSELS (14)

4  NODES AROUND THE ABDOMINAL AORTA 
(16)

4  ANTERIOR PANCREATICODUODENAL NODES 
(17)

 1 – DESCENDING AORTA 
 3 – LIVER 
 4 – INFERIOR VENA CAVA 
 6 – SPLEEN 
16 – GALLBLADDER 
20 – DUODENUM 
22 – HEAD OF PANCREAS 
23 – SUPERIOR MESENTERIC ARTERY

8.26

8.25
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Figs. 8.27, 8.28 

4  POSTERIOR PANCREATICODUODENAL NODES 
(13)

4  NODES AROUND THE ABDOMINAL AORTA 
(16)

4  ANTERIOR PANCREATICODUODENAL NODES 
(17)

 1 – DESCENDING AORTA 
 3 – LIVER
 4 – INFERIOR VENA CAVA 
16 – GALLBLADDER 
20 – DUODENUM 
22 – HEAD OF PANCREAS

8.28

8.27
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Figs. 8.29, 8.30 

4  POSTERIOR PANCREATICODUODENAL NODES 
(13)

4  NODES AROUND THE ABDOMINAL AORTA 
(16)

4  ANTERIOR PANCREATICODUODENAL NODES 
(17)

1 – DESCENDING AORTA 
3 – LIVER 
4 – INFERIOR VENA CAVA

8.30

8.29
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Figs. 8.31, 8.32 

4  NODES AROUND THE ABDOMINAL AORTA 
(16)

1 – DESCENDING AORTA 
4 – INFERIOR VENA CAVA

8.32

8.31



A Guide for  Del ineat ion of  Lymph Nodal  Cl in ical  Target  Volume in  R adiat ion Therapy

132

Figs. 8.33, 8.34 

4  NODES AROUND THE ABDOMINAL AORTA 
(16)

1 – DESCENDING AORTA 
4 – INFERIOR VENA CAVA

8.34

8.33
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Figs. 8.35, 8.36 

4  NODES AROUND THE ABDOMINAL AORTA 
(16) 

1 – DESCENDING AORTA 
4 – INFERIOR VENA CAVA

8.36

8.35
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Figs. 8.37, 8.38 

4  NODES AROUND THE ABDOMINAL AORTA 
(16) 

1 – DESCENDING AORTA 
4 – INFERIOR VENA CAVA

8.38

8.37
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Figs. 8.39, 8.40 

4  NODES AROUND THE ABDOMINAL AORTA 
(16) 

 1 – DESCENDING AORTA 
 4 – INFERIOR VENA CAVA 
26 – BIFURCATION OF THE ABDOMINAL AORTA

8.40

8.39
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Color legend

4  Common IlIAC nodes
4  InternAl IlIAC nodes
4  ex ternAl IlIAC nodes
4  presACrAl nodes
4  oBturAtor nodes
4  InguInAl nodes

AnAtomICAl referenCe poInts

 1 – rIght Common IlIAC veIn

 2 – rIght Common IlIAC Artery

 3 – left Common IlIAC veIn

 4 – left Common IlIAC Artery

 5 – psoAs musCle

 6 – rIght Common IlIAC Artery BIfurCAtIon

 7 – left Common IlIAC Artery BIfurCAtIon

 8 –  ConfluenCe of the rIght externAl And 
InternAl IlIAC veIns

 9 – left InternAl IlIAC Artery

10 – left externAl IlIAC Artery

11 – rIght externAl IlIAC veIn

12 – rIght InternAl IlIAC veIn

13 – rIght externAl IlIAC Artery

14 – rIght InternAl IlIAC Artery

15 – IlIAC musCle

16 –  ConfluenCe of the left externAl And In-
ternAl IlIAC veIns

17 – left externAl IlIAC veIn

18 – left InternAl IlIAC veIn

19 – IlIopsoAs musCle

20 – pIrIformIs musCle

21 – InternAl oBturAtor musCle

22 – sArtorIus musCle

23 – rIght femorAl veIn

24 – rIght femorAl Artery

25 – left femorAl veIn

26 – left femorAl Artery

27 – peC tIneAl musCle

28 – rIght deep femorAl Artery

29 – left deep femorAl Artery

30 – greAt sAphenous veIn

31 – AnAl verge
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Figs. 9.1, 9.2 

4 COMMON ILIAC NODES

1 – RIGHT COMMON ILIAC VEIN 
2 – RIGHT COMMON ILIAC ARTERY 
3 – LEFT COMMON ILIAC VEIN 
4 – LEFT COMMON ILIAC ARTERY 
5 – PSOAS MUSCLE

9.2

9.1
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Figs. 9.3, 9.4 

4 COMMON ILIAC NODES

1 – RIGHT COMMON ILIAC VEIN 
2 – RIGHT COMMON ILIAC ARTERY 
3 – LEFT COMMON ILIAC VEIN 
4 – LEFT COMMON ILIAC ARTERY 
5 – PSOAS MUSCLE

9.4

9.3
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Figs. 9.5, 9.6 

4 COMMON ILIAC NODES

1 – RIGHT COMMON ILIAC VEIN
2 – RIGHT COMMON ILIAC ARTERY 
3 – LEFT COMMON ILIAC VEIN 
4 – LEFT COMMON ILIAC ARTERY 
5 – PSOAS MUSCLE

9.6

9.5
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Figs. 9.7, 9.8 

4 COMMON ILIAC NODES

1 – RIGHT COMMON ILIAC VEIN 
2 – RIGHT COMMON ILIAC ARTERY 
3 – LEFT COMMON ILIAC VEIN 
4 – LEFT COMMON ILIAC ARTERY 
5 – PSOAS MUSCLE

9.8

9.7
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Figs. 9.9, 9.10 

4 COMMON ILIAC NODES

 1 – RIGHT COMMON ILIAC VEIN
 3 – LEFT COMMON ILIAC VEIN 
 5 – PSOAS MUSCLE 
 6 –  RIGHT COMMON ILIAC ARTERY 

BIFURCATION 
 7 – LEFT COMMON ILIAC ARTERY BIFURCATION 
 8 –  CONFLUENCE OF THE RIGHT EXTERNAL 

AND INTERNAL ILIAC VEINS 
 9 – LEFT INTERNAL ILIAC ARTERY 
10 – LEFT EXTERNAL ILIAC ARTERY

9.10

9.9
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Figs. 9.11, 9.12 

4  COMMON ILIAC NODES
4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 PRESACRAL NODES

 3 – LEFT COMMON ILIAC VEIN 
 5 – PSOAS MUSCLE 
 9 – LEFT INTERNAL ILIAC ARTERY 
10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
12 – RIGHT INTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
14 – RIGHT INTERNAL ILIAC ARTERY 
15 – ILIAC MUSCLE 
16 –  CONFLUENCE OF THE LEFT EXTERNAL AND 

INTERNAL ILIAC VEINS

9.12

9.11
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Figs. 9.13, 9.14 

4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 PRESACRAL NODES

 5 – PSOAS MUSCLE 
 9 – LEFT INTERNAL ILIAC ARTERY 
10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
12 – RIGHT INTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
14 – RIGHT INTERNAL ILIAC ARTERY 
15 – ILIAC MUSCLE 
17 – LEFT EXTERNAL ILIAC VEIN 
18 – LEFT INTERNAL ILIAC VEIN

9.14

9.13
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Figs. 9.15, 9.16 

4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 PRESACRAL NODES

 9 – LEFT INTERNAL ILIAC ARTERY 
10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
12 – RIGHT INTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
14 – RIGHT INTERNAL ILIAC ARTERY 
17 – LEFT EXTERNAL ILIAC VEIN 
18 – LEFT INTERNAL ILIAC VEIN 
19 – ILIOPSOAS MUSCLE

9.16

9.15
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Figs. 9.17, 9.18 

4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 PRESACRAL NODES

10 – LEFT EXTERNAL ILIAC ARTERY
11 – RIGHT EXTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
17 – LEFT EXTERNAL ILIAC VEIN 
19 – ILIOPSOAS MUSCLE 
20 – PIRIFORMIS MUSCLE

9.18

9.17
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Figs. 9.19, 9.20 

4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 PRESACRAL NODES

10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
17 – LEFT EXTERNAL ILIAC VEIN 
19 – ILIOPSOAS MUSCLE 
20 – PIRIFORMIS MUSCLE

9.20

9.19
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Figs. 9.21, 9.22 

4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 PRESACRAL NODES
4 OBTURATOR NODES

10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
17 – LEFT EXTERNAL ILIAC VEIN 
19 – ILIOPSOAS MUSCLE 
20 – PIRIFORMIS MUSCLE

9.22

9.21
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Figs. 9.23, 9.24 

4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 PRESACRAL NODES
4 OBTURATOR NODES

10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
17 – LEFT EXTERNAL ILIAC VEIN 
19 – ILIOPSOAS MUSCLE 
20 – PIRIFORMIS MUSCLE 
21 – INTERNAL OBTURATOR MUSCLE

9.24

9.23
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Figs. 9.25, 9.26 

4 INTERNAL ILIAC NODES
4 EXTERNAL ILIAC NODES
4 OBTURATOR NODES

10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
17 – LEFT EXTERNAL ILIAC VEIN 
19 – ILIOPSOAS MUSCLE 
21 – INTERNAL OBTURATOR MUSCLE 
22 – SARTORIUS MUSCLE

9.26

9.25
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Figs. 9.27, 9.28 

4 EXTERNAL ILIAC NODES
4 OBTURATOR NODES

10 – LEFT EXTERNAL ILIAC ARTERY 
11 – RIGHT EXTERNAL ILIAC VEIN 
13 – RIGHT EXTERNAL ILIAC ARTERY 
17 – LEFT EXTERNAL ILIAC VEIN 
19 – ILIOPSOAS MUSCLE 
21 – INTERNAL OBTURATOR MUSCLE 
22 – SARTORIUS MUSCLE

9.28

9.27
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Figs. 9.29, 9.30 

4 OBTURATOR NODES
4 INGUINAL NODES

19 – ILIOPSOAS MUSCLE 
21 – INTERNAL OBTURATOR MUSCLE 
22 – SARTORIUS MUSCLE 
23 – RIGHT FEMORAL VEIN 
24 – RIGHT FEMORAL ARTERY 
25 – LEFT FEMORAL VEIN 
26 – LEFT FEMORAL ARTERY

9.30

9.29
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Figs. 9.31, 9.32 

4 OBTURATOR NODES
4 INGUINAL NODES

19 – ILIOPSOAS MUSCLE 
22 – SARTORIUS MUSCLE 
23 – RIGHT FEMORAL VEIN 
24 – RIGHT FEMORAL ARTERY 
25 – LEFT FEMORAL VEIN 
26 – LEFT FEMORAL ARTERY 
27 – PECTINEAL MUSCLE

9.32

9.31
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Figs. 9.33, 9.34 

4 OBTURATOR NODES
4 INGUINAL NODES

19 – ILIOPSOAS MUSCLE 
22 – SARTORIUS MUSCLE 
23 – RIGHT FEMORAL VEIN 
24 – RIGHT FEMORAL ARTERY 
25 – LEFT FEMORAL VEIN 
26 – LEFT FEMORAL ARTERY 
27 – PECTINEAL MUSCLE

9.34

9.33
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Figs. 9.35, 9.36 

4 INGUINAL NODES

19 – ILIOPSOAS MUSCLE 
22 – SARTORIUS MUSCLE 
23 – RIGHT FEMORAL VEIN 
24 – RIGHT FEMORAL ARTERY 
25 – LEFT FEMORAL VEIN 
26 – LEFT FEMORAL ARTERY 
27 – PECTINEAL MUSCLE 
28 – RIGHT DEEP FEMORAL ARTERY 
30 – GREAT SAPHENOUS VEIN

9.36

9.35
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Figs. 9.37, 9.38 

4 INGUINAL NODES

19 – ILIOPSOAS MUSCLE 
22 – SARTORIUS MUSCLE 
23 – RIGHT FEMORAL VEIN 
24 – RIGHT FEMORAL ARTERY 
25 – LEFT FEMORAL VEIN 
26 – LEFT FEMORAL ARTERY 
27 – PECTINEAL MUSCLE 
28 – RIGHT DEEP FEMORAL ARTERY 
29 – LEFT DEEP FEMORAL ARTERY 
30 – GREAT SAPHENOUS VEIN

9.38

9.37
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Figs. 9.39, 9.40 

4 INGUINAL NODES

19 – ILIOPSOAS MUSCLE 
22 – SARTORIUS MUSCLE 
23 – RIGHT FEMORAL VEIN 
24 – RIGHT FEMORAL ARTERY 
25 – LEFT FEMORAL VEIN 
26 – LEFT FEMORAL ARTERY 
27 – PECTINEAL MUSCLE 
28 – RIGHT DEEP FEMORAL ARTERY 
29 – LEFT DEEP FEMORAL ARTERY 
30 – GREAT SAPHENOUS VEIN

9.40

9.39



A Guide for  Del ineat ion of  Lymph Nodal  Cl in ical  Target  Volume in  R adiat ion Therapy

160

Figs. 9.41, 9.42 

4 INGUINAL NODES

22 – SARTORIUS MUSCLE 
23 – RIGHT FEMORAL VEIN 
24 – RIGHT FEMORAL ARTERY 
25 – LEFT FEMORAL VEIN 
26 – LEFT FEMORAL ARTERY 
27 – PECTINEAL MUSCLE 
31 – ANAL VERGE

9.42

9.41
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10Digitally Reconstructed Radiographs (DRRs)
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