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Preface

Nodal staging is an integral part of determining therapy and prognosis in most pri-
mary tumors, and the evaluation of lymph nodes involves accurate anatomical local-
ization followed by characterization. While there is an abundance of surgical
literature highlighting the distribution of regional lymph nodes in various primary
tumors, a comprehensive imaging text highlighting the anatomical nodal stations
and their involvement in various primary tumors is lacking. The current atlas
attempts to highlight nodal anatomy by way of color illustrations and color-coded
topographical depiction on cross-sectional imaging studies. We hope the content
will be useful and informative to a wide range of readers, filling the void in nodal
anatomy.

Boston, MA, USA Mukesh G. Harisinghani
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Head and Neck Lymph Node Anatomy

AnnT. Foran and Mukesh G. Harisinghani

Cancers of the head and neck—including cancers of the buccal cavity, head and
neck subset, larynx, pharynx, thyroid, salivary glands, and nose/nasal passages—
account for approximately 6% of all malignancies in the United States and accounted
for approximately 3% of new malignancy cases in 2020 [1]. Careful analysis of
nodes in the neck and knowledge of the various compartments are critical in the
assessment and staging of primary head and neck malignancies. Regardless of the
site of the primary tumor, the presence of a single metastatic lymph node in either
the ipsilateral or the contralateral side of the neck reduces the 5-year survival rate by
about 50%. The risk of cervical metastasis depends on the site of origin of the pri-
mary tumor [2].

1.1 Classification

The classification of cervical lymph nodes is complicated by the use of several dif-
ferent systems and the rather loose intermixing of specific names for a particular
node from one system to another [3]. Of the approximately 800 lymph nodes in the
body, about 300 are located in the neck. Thus, between one-fifth and one-sixth of all
the nodes in the body are located in either side of the neck, making development of
a classification system very complex [4].

A.T. Foran
Department of Radiology, Beaumont Hospital, Dublin, Ireland
e-mail: foranat@tcd.ie

M. G. Harisinghani ()

Department of Radiology, Massachusetts General Hospital, Harvard Medical School,
Boston, MA, USA

e-mail: mharisinghani @mgh.harvard.edu

© Springer Nature Switzerland AG 2021 1
M. G. Harisinghani (ed.), Atlas of Lymph Node Anatomy,
https://doi.org/10.1007/978-3-030-80899-0_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80899-0_1&domain=pdf
https://doi.org/10.1007/978-3-030-80899-0_1#DOI
mailto:foranat@tcd.ie
mailto:mharisinghani@mgh.harvard.edu

2 A.T.Foran and M. G. Harisinghani

For nearly four decades, the most commonly used classification for the cervical
lymph nodes was that developed by Rouviere in 1938 who described the “collar”
(including occipital, mastoid, parotid, facial, retropharyngeal, submaxillary, sub-
mental, and sublingual nodes), anterior, and lateral cervical groups. The direction of
nodal classification changed from that of a pure anatomic study to a nodal mapping
guide for selecting the most appropriate surgical procedure among the various types
of neck dissections [5].

In 1981, Shah et al. [6] suggested that the anatomically based terminology be
replaced with a simpler classification based on levels. Since then, a number of
classifications have been proposed that use such level, region, or zone terminol-
ogy. In the past few decades, the simple level-wise classification (see Tables 1.1
and 1.2; Figs. 1.1 and 1.2) has been in use widely [7]. This system of division of
neck nodes was supported by American Head and Neck Society and neck clas-
sification project [2]. However, it did not recommend adding additional levels
and stated that the nodes involving regions outside the VI levels should be
referred to by the name of their specific nodal group (e.g., retropharyngeal/perip-
arotid nodes).

The ad hoc committee of the neck classification project introduced the concept
of sublevels in the neck nodes, as the nodes in a particular zone in a level had differ-
ent risk of metastatic involvement compared to the other zones in the same level [2].

Table 1.1 Numeric classification system of cervical nodes

Level Location

1 Submandibular and submental nodes (all nodes in floor of mouth)

1T Internal jugular chain (or deep cervical chain) nodes; nodes about internal jugular vein
from skull base to hyoid bone (same level as carotid bifurcation)

I Nodes about internal jugular vein from hyoid bone to cricoid cartilage (same level that
omohyoid muscle crosses internal jugular chain)

v Infraomohyoid nodes about internal jugular vein between cricoid cartilage and
supradavicular fossa

v Posterior triangle nodes (deep to sternocleidomastoid muscle)

VI Nodes related to thyroid gland

VII  Nodes in tracheoesophageal groove, about esophagus extending down to superior
mediastinum.

Table 1.2 Levels and sublevels of cervical lymph nodes with their anatomical boundaries

Level Superior Inferior Anterior (medial) Posterior (lateral)
IA Symphysis of Body of hyoid Anterior belly of Anterior belly of
mandible contralateral digastric ipsilateral digastric
muscle muscle

1B Body of mandible  Posterior belly of Anterior belly of Stylohyoid muscle
muscle digastric muscle

ITIA  Skull base Horizontal plane  Stylohyoid muscle Vertical plane defined
defined by the by the spinal accessory
inferior body of nerve

the hyoid bone



1 Head and Neck Lymph Node Anatomy

Table 1.2 (continued)

Level Superior Inferior Anterior (medial) Posterior (lateral)

IIB  Skull base Horizontal plane  Vertical plane defined Lateral border of the
defined by the by the spinal sternocleidomastoid
inferior body of  accessory nerve muscle
the hyoid bone

I Horizontal plane Horizontal plane Lateral border of the  Lateral border of the

defined by inferior  defined by the sternohyoid muscle  sternocleidomastoid or

body of hyoid inferior border of sensory branches of
the cricoid cervical plexus
cartilage

v Horizontal plane Clavicle Lateral border of the  Lateral border of the

defined by the sternohyoid muscle  sternocleidomastoid or
inferior border of sensory branches of
the cricoid cartilage cervical plexus

VA Apex of the Horizontal plane  Posterior border of ~ Anterior border of the

convergence of the  defined by the the trapezius muscle
sternocleidomastoid lower border of  sternocleidomastoid
and trapezius the cricoid muscle or sensory
muscles cartilage branches of cervical
plexus
VB  Horizontal plane Clavicle Posterior border of Anterior border of the
defined by the the trapezius muscle
lower border of the sternocleidomastoid
cricoid cartilage muscle or sensory
branches of cervical
plexus

VI Hyoid bone Suprasternal Common carotid Common carotid artery

artery

a b \

Jugular fossa |

Lower borderof
the hyoid

‘N-\"

Lower margin
of the cricoid cartilage

Posterior boundary

of the submandibular gland

%

W =

—

...‘

Top of the
manubrium

Fig. 1.1 (a) Important anatomical landmarks in the neck dividing the region into nodal levels. (b)
Individual nodal groups are depicted (refer to color scheme)
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Fig. 1.2 Level IB submandibular (left) and level IA submental group of nodes (right)

1.2  Criteria for Enlargement

The size criteria for the cervical lymph nodes has been proposed as short axis diam-
eter greater than 11 mm in jugulodigastric and greater than 10 mm in all other cervi-
cal nodes [8]. At the time of this writing, the criteria to define cervical
lymphadenopathy are (1) a discrete mass greater than 1.0-1.5 cm; (2) an ill-defined
mass in a lymph node area; (3) multiple nodes of 6-15 mm; and (4) obliteration of
tissue planes around vessels in a nonirradiated neck. A nodal mass with central low
density is specifically indicative of tumor necrosis [7, 9—11].
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1.2.1 Level I: Submental (IA) and Submandibular (IB)

1.2.1.1 Metastatic Involvement

These nodes contain metastatic disease when the primary site is lip, buccal mucosa,
anterior nasal cavity, and soft tissue of cheek (see Table 1.3; Figs. 1.3 and 1.4). It is
important to distinguish between level IA and IB, as IA is likely to contain meta-
static disease associated with floor of mouth, lower lip, ventral tongue, and anterior
nasal cavity tumors [12], whereas lesions from oral cavity subsite are likely to
spread to level IB, II, and III. In the 1990 study by Candela et al. [13], level I metas-
tases were frequent in oral cavity tumors, with a mean prevalence of 30.1%. The
corresponding figure for oropharyngeal cancer was 10.3% largely because of the
high prevalence in N+ disease [13].

Table 1.3 Summary of cervical lymph node involvement in various primaries

Lymph nodes commonly Not so commonly
Site of primary carcinoma involved involved
Oral portion of tongue I I, 11T
Floor of mouth LI
Anterior faucial pillar-retromolar I, II, 11T
trigone
Soft palate 1T
Nasopharynx 1L, II1, IV A\
Oropharynx ILIII v
Tonsillar fossa I 1L, III, TV \
Hypopharynx IL 1101, IV v
Base of tongue 1L, II1, IV A\
Supraglottic larynx IL 111, IV
Thyroid VI II-V if V is clinically +

Stomach and testis v
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Fig. 1.3 (a) Sagittal
CECT scans showing an
enlarged level TA
(submental) node in this
patient with lymphoma.
The node is outlined in (b)
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Fig. 1.4 (a) Coronal
CECT scans showing an
enlarged Level IB
(submandibular) node in
this patient with
lymphoma. The node is
outlined in (b)
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1.2.1.2 Unusual Site of Metastasis

They do not form part of the primary drainage pathway of nasopharyngeal carcino-
mas but may be the sole site of tumor recurrence after radiotherapy. This is thought
to be due to fibrosis of the lymphatic vessels in the irradiated regions resulting in
diversion of lymph drainage to the submental nodes [14].

1.2.2 Levelll

Internal jugular chain lymph nodes (see Fig. 1.5) are frequently divided into ITA
(see Fig. 1.6) and IIB by spinal accessory nerve [2]. As the nerve cannot be identi-
fied on the CT scan, the Brussels guidelines used a criteria from radiological point
of view proposed by Som et al. [15], which takes the posterior edge of the internal
jugular vein (IJV) for subdivisions between levels ITA and IIB (see Figs. 1.7 and 1.8).

Fig. 1.5 Internal jugular
chain of lymph nodes
(level II). These nodes can
be further divided into ITA
and IIB by spinal
accessory nerve. The red
color represents branches
of external carotid artery
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Fig. 1.6 (a) Axial CECT showing enlarged IIA level nodes. Note central hypodensity in these
nodes which represent necrosis. The node is outlined in (b)

Fig. 1.7 (a) Axial CECT showing enlarged level II nodes. These are further divided into IIA and
IIB based on the posterior edge of internal jugular vein. The nodes are outlined in (b)
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Fig. 1.8 (a) Axial CECT showing single level IIA and multiple level IIB nodes. The nodes are
outlined in (b)

1.2.2.1 Metastatic Involvement

Level I1 is arbitrarily divided into IIA and IIB by spinal accessory nerve. They drain
lymph from oral cavity, nasal cavity, nasopharynx, oropharynx, hypopharynx, lar-
ynx, and parotid gland (see Figs. 1.9 and 1.10).

The first draining lymph node station of supraglottic carcinomas is located in
level ITA. Metastatic nodal involvement in papillary thyroid carcinoma is not
uncommon especially of level IIB nodes. Neck dissection should include the
level IIB lymph node whenever level IIA lymph node metastasis is found. Level
IIB dissection is probably unnecessary when level IIA lymph nodes are unin-
volved because the incidence of metastasis to level IIB is low if level IIA is not
involved [16].
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Fig. 1.9 (a) Axial CECT showing bilateral enlarged level II nodes in this patient with poorly dif-
ferentiated right pyriform sinus carcinoma. The tumor and the nodes are outlined in (b)
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Fig. 1.10 (a) Axial CECT showing bilateral enlarged level II nodes in this patient with squamous
cell carcinoma of the supraglottic larynx and enlarged level II nodes. Sagittal image shows necrotic
level ITIA node. The tumor and the nodes are outlined in (b)
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1.2.2.2 Unusual Site of Metastasis
Intraparotid lymph nodes may be involved by lymphoma or metastatic spread from
tumors of the scalp and face region [17].

1.2.3 Levellll

Level III nodes drain lymph from the oral cavity, nasopharynx, oropharynx, hypo-
pharynx, and larynx and can harbor metastatic spread from primaries located at
these locations [2] (see Figs. 1.11, 1.12, and 1.13). Skip metastasis from carcinoma
of the tongue is not unusual in this group [18].

Fig. 1.11 (a) Enlarged right-sided level III nodes seen on axial CECT. The nodes are out-
lined in (b)
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Fig. 1.12 (a) Enlarged
bilateral level III nodes
seen on axial CECT. The
nodes are outlined in (b)
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Fig. 1.13 (a) Hyoid bone
as anatomical landmark
separating enlarged level
IIA node (superiorly) and
level III node (inferiorly)
on this coronal CECT. Part
of the inferior body of
hyoid bone is seen medial
to these nodes. The nodes
are outlined in (b)
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1.2.4 Level IV

These groups of lymph nodes drain the following sites: hypopharynx, thyroid, cer-
vical esophagus, and larynx. The classical Virchow node hails from this group.
Involvement of level V nodes precedes their involvement in thyroid malignancies
(see Figs. 1.14, 1.15, 1.16, and 1.17) [2, 19]. These nodes accompany level III nodes
in skip metastasis from carcinoma of the tongue [18]. Involvement of Virchow node
in carcinoma of the stomach is attributed to the predominant drainage by thoracic
duct and partial filtration by Virchow node. This is considered as an ominous sign
and changes the staging of carcinoma stomach to stage [V/M1b [20]. Level IV can
be an unusual site of testicular metastasis [21].

Fig. 1.14 (a) Axial CECT demonstrates an enlarged necrotic level IV node abutting the internal
carotid artery in this patient with oropharyngeal carcinoma. The tumor and the node are out-
lined in (b)
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Fig. 1.15 (a) Multiple
bilateral enlarged level IV
and VB nodes noted on
this axial CECT in this
patient with lymphoma.
The nodes are outlined

in (b)
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Fig. 1.16 (a) Coronal
CECT image showing
enlarged bilateral level IV
and level VI nodes, which
are outlined in (b)
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Fig.1.17 (a) Axial CECT
in this patient with
lymphoma showing
enlarged right-sided level
IV node, which is outlined
in (b)
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1.2.5 LevelV (A +B)

Lymphatics from nasopharynx and cutaneous tissue of posterior scalp and neck
drain in to group V. Level VA (see Fig. 1.18) primarily contains nodes along the
spinal accessory nerve, and level VB contains transverse cervical and supraclavicu-
lar nodes (see Fig. 1.19).

Metastatic involvement of this group alone is seen in a small subset of patients
but occurs commonly if groups I to IV harbor the tumor spread. Level VB (see
Fig. 1.20) is known to be associated with primary tumor located in the thyroid gland
[5]. Involvement of level VB is an ominous sign in aerodigestive tract malignancies.
Level VB nodes should be carefully identified and differentiated from Virchow
nodes [2].

Fig. 1.18 Coronal (a) and axial (b) CECT image showing an enlarged necrotic level VA node
noted at the convergence of trapezius and sternocleidomastoid muscles, which forms superior mar-
gin for this group. The nodes are outlined on (¢, d)
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Fig. 1.19 (a) Enlarged
supraclavicular nodes
noted on this axial CECT
image. Involvement of
these nodes is considered
as a bad prognostic sign in
aerodigestive tract
malignancies. The nodes
are depicted in (b)
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Fig. 1.20 (a) Axial CECT
image showing an enlarged
level VB node with central
necrosis and peripheral
enhancement. The node is
depicted in (b)

1.2.6 LevelVI

Pre- and paratracheal (see Fig. 1.21), precricoid, and perithyroid lymph nodes con-
stitute this group and drain lymph from thyroid gland, glottic/subglottic larynx,
apex of pyriform sinus, and cervical esophagus [13].

The facial, mastoid occipital, and retropharyngeal nodes (see Fig. 1.22) are not
included in the level system and are designated by their names if they are enlarged.
The American Academy Otolaryngology—Head and Neck Surgery (AAO-HNS)
believes that level VII (see Table 1.1) should be included in mediastinal nodal
groups instead of cervical nodes. Facial nodal group is a blanket term applied for
nodes at mandibular, buccinators, infraorbital, retrozygomatic, and malar nodes.
These nodes are rarely identified, and their metastatic involvement is seen in naso-
pharyngeal and epidermal malignancies [17].

Medial and lateral retropharyngeal nodes may be involved in pharyngeal and
sinonasal, thyroid and cervical, esophageal primaries and are considered abnormal
if larger than 5 mm [22, 23].

Occipital, facial, and mastoid groups of nodes are not included in the level sys-
tem (Fig. 1.23).
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Fig. 1.21 (a) Axial CECT
showing an enlarged level
VI node in left paratracheal
location, which is outlined
in (b)

Fig. 1.22 Anatomical
location of level VI nodes
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Fig. 1.23 Occipital,
facial, and mastoid groups
of nodes are depicted.
These nodes are not
included in the level
system
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Chest Lymph Node Anatomy 2

AnnT. Foran and Mukesh G. Harisinghani

2.1 Mediastinal Lymph Nodes

In 2009, a new lung cancer lymph node map was proposed by the International
Association for the Study of Lung Cancer (IASLC) to reconcile the difference
between the Naruke [1] and the Mountain—Dresler—American Thoracic Society
(ATS) [2] maps and redefine the definitions of the anatomical boundaries of each
lymph node station [3].

2.2  Supraclavicular Nodes 1

1R and 1L. Low cervical, supraclavicular, and sternal notch nodes (see Figs. 2.1,
2.2,2.3,24,and 2.5).

Upper border: Lower margin of cricoid cartilage.

Lower border: Clavicles bilaterally and, in the midline, the upper border of the
manubrium; IR designates right-sided nodes; 1L designates left-sided nodes in
this region.

For lymph node station 1, the midline of the trachea serves as the border between
IR and 1L.
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Fig. 2.1 (a, b) Axial CT scan through the lung apices shows enlarged left supraclavicular lymph
node (blue)

Fig. 2.2 (a, b) Axial CT scan through the lung apices shows enlarged left supraclavicular lymph
node (blue)

Fig. 2.3 (a, b) Axial CT scan through the lung apices shows enlarged left supraclavicular lymph
node (blue)
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Fig. 2.4 (a, b) Axial CT scan through the lung apices shows enlarged left supraclavicular lymph
node (blue)

4 ..0
e 0 A° e
o

Fig. 2.5 Schematic diagram showing the anatomic locations of the low cervical, supraclavicular,
and sternal notch node stations, which together comprise the supraclavicular lymph nodes

2.3  Superior Mediastinal Nodes 2-4

2R. Upper paratracheal. Includes nodes extending to the left lateral border of the
trachea.

Upper border: Apex of the right lung and pleural space and in the midline, the
upper border of the manubrium.

Lower border: Intersection of caudal margin of innominate vein with the trachea.

2L. Upper paratracheal.

Upper border: Apex of the left lung and pleural space and in the midline, the
upper border of the manubrium.

Lower border: Superior border of the aortic arch (see Figs. 2.6 and 2.7).

3A. Prevascular (see Figs. 2.8, 2.9, and 2.10).

On the right:

Upper border: Apex of chest.

Lower border: Level of carina.

Anterior border: Posterior aspect of sternum.

Posterior border: Anterior border of superior vena cava.

On the left:

Upper border: Apex of chest.

Lower border: Level of carina.

Anterior border: Posterior aspect of sternum.
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Posterior border: Left carotid artery.

3P. Retrotracheal (see Fig. 2.11).

Upper border: Apex of chest.

Lower border: Carina.

4R. Lower paratracheal. Includes right paratracheal nodes, and pretracheal
nodes extending to the left lateral border of trachea (see Figs. 2.12, 2.13, and 2.14).

Upper border: Intersection of caudal margin of innominate vein with the trachea.

Lower border: Lower border of azygos vein.

4L. Lower paratracheal. Includes nodes to the left of the left lateral border of the
trachea, medial to the ligamentum arteriosum.

Upper border: Upper margins of the aortic arch.

Lower border: Upper rim of the left main pulmonary artery.

Fig. 2.6 (a, b) Axial CT scan showing an enlarged right upper paratracheal lymph node (green)

Fig.2.7 Schematic p— _ —
illustration showing
anatomic locations for
paratracheal lymph nodes

;
l
‘(.
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Fig.2.8 (a, b) Contrast-enhanced axial CT scan shows an enlarged lymph node in the prevascular
space on the left side, anterior to the arch of aorta (red)

Fig.2.9 (a, b) Contrast-enhanced axial CT scan shows an enlarged lymph node in the prevascular
area on the left side, anterior to the descending aorta (red)
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Fig.2.10 Schematic
illustration shows the
anatomic location of
prevascular group of lymph
nodes
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Fig.2.11 Schematic illustration shows the anatomic location
and distribution of retrotracheal group of lymph nodes
(dark red)

Fig. 2.12 (a, b) Axial contrast-enhanced CT image through the upper thorax shows an enlarged
right-sided upper paratracheal lymph node (green)
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Fig. 2.13 (a, b) Coronal reformatted CT scan image of the same patient shows enlarged sternal
notchl lymph node (green)

Fig. 2.14 (a, b) Axial contrast-enhanced CT scan through upper thorax shows an enlarged left
lower paratracheal lymph node abutting the left lateral wall of the trachea (green)
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24 Aortic Nodes 5-6

5. Subaortic. Lymph nodes lateral to the ligamentum arteriosum (see Fig. 2.15).
Upper border: The lower border of the aortic arch.
Lower border: Upper rim of the left main pulmonary artery.
6. Para-aortic. Lymph nodes anterior and lateral to the ascending aorta and aor-
tic arch (see Figs. 2.16 and 2.17).
Upper border: A line tangential to the upper border of the aortic arch.
Lower border: The lower border of the aortic arch.

Fig. 2.15 (a) Schematic
illustration shows the
anatomic location of
subaortic lymph nodes. (b,
¢) Axial contrast-enhanced
CT scan image of the
thorax shows an enlarged
subaortic lymph node
(purple)
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Fig.2.16 Schematic
illustration shows the
anatomic location for
paraaortic group of lymph
nodes

Fig.2.17 Schematic
illustration shows the
anatomic locations of the
para-aortic and retroaortic
group of lymph nodes
using color coding scheme

2.5 Inferior Mediastinal Nodes 7-9

7. Subcarinal (see Fig. 2.18).

Upper border: The carina of the trachea.

Lower border: The upper border of the lower lobe bronchus on the left; the lower
border of the bronchus intermedius on the right.

8. Paraesophageal. Lymph nodes adjacent to the wall of the esophagus and to the
right or left of the midline, excluding subcarinal nodes (see Figs. 2.19, 2.20, 2.21,
and 2.22).

Upper border: The upper border of the lower lobe bronchus on the left; the lower
border of the bronchus intermedius on the right.

Lower border: The diaphragm.



2 Chest Lymph Node Anatomy 37

9. Pulmonary ligament. Lymph nodes lying within the pulmonary ligament (see
Fig. 2.23).

Upper border: The inferior pulmonary vein.

Lower border: The diaphragm.

Fig.2.18 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged subcarinal group
of lymph nodes (green)

Fig. 2.19 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged paraesophageal
group of lymph nodes (purple)

Fig. 2.20 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged paraesophageal
group of lymph nodes (purple)



38 A.T.Foran and M. G. Harisinghani

Fig. 2.21 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged paraesophageal
group of lymph nodes (purple)

Fig.2.22 Schematic
illustration shows the
anatomic location and
distribution of the
paraesophageal group of
lymph nodes using
color-coding scheme
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Fig.2.23 (a) Schematic illustration shows the anatomic location and distribution of lymph nodes
lying within the pulmonary ligament (green). These are seen interspersed between the paraesopha-
geal group of lymph nodes (violet). (b, ¢) Axial contrast-enhanced CT scan of the thorax shows an
enlarged right-sided pulmonary ligament lymph (green)

2.6 Hilar, Lobar, and (Sub)Segmental Nodes 10-14

These are all N1 nodes:

10. Hilar. Includes lymph nodes immediately adjacent to the mainstem bronchus
and hilar vessels, including the proximal portions of the pulmonary veins and the
main pulmonary artery (see Fig. 2.24).

Upper border: The lower rim of the azygos vein on the right; upper rim of the
pulmonary artery on the left.

Lower border: Interlobar region bilaterally.

11. Interlobar. Between the origin of the lobar bronchi (see Fig. 2.25).



40

A.T.Foran and M. G. Harisinghani

11R: on the right, which is subdivided into stations:

11Rs: Between the upper lobe bronchus and bronchus intermedius on the right.
11Ri: Between the middle and lower lobe bronchus on the right.
11L: on the left

12. Lobar. Adjacent to the lobar bronchi (see Fig. 2.26).

12R: on the right

12L: on the left

13. Segmental. Adjacent to the segmental bronchi.

13R: on the right

13L: on the left

14. Subsegmental. Adjacent to the subsegmental bronchi.

14R: on the right

14L: on the left

Fig. 2.24 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged right hilar group
of lymph nodes (orange). (¢, d) Axial contrast-enhanced CT scan of the thorax shows enlarged left
hilar group of lymph nodes (orange)
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Fig. 2.25 (a) Schematic illustration shows the anatomic location and distribution of the hilar and
interlobar group of lymph node. (b, ¢) An axial CT scan image of the thorax shows an enlarged
right interlobar lymph node (orange)

Fig. 2.26 (a) Schematic illustration shows the anatomic location and distribution of the lobar,
segmental, and subsegmental group of lymph nodes using color-coding scheme. (b, ¢) Axial CT
scan of the thorax shows an enlarged right segmental lymph node (blue). (d, e) Axial CT scan of
the thorax shows enlarged right subsegmental lymph node (blue)
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2.7 Malignant Causes of Enlargement

A study was performed to look at the appearance of the lymph node at CT to improve
specificity for detecting malignant nodes in bronchogenic carcinoma. The four
parameters evaluated were as follows: (1) node location, (2) homogenicity, (3) bor-
der delineation, and (4) delineation by fat. Twenty-one of 54 carcinoma patients had
pathologically malignant nodes.. CT showed enlarged lymph nodes (>1 cm) in 20
of these (true-positive rate, 96%), but also in 13 of the 33 patients with pathologi-
cally benign lymph nodes (false-positive rate, 39%). A combination of all four CT
parameters reduced the false-positive rate from 39% to 21% and decreased the true-
positive rate from 96% to 86% [4].

The most common cause of malignant lymph node enlargement in the mediasti-
num is lung cancer. It has been reported that 20-25% of clinical stage I disease have
mediastinal lymph node disease [5-7].

In patients with esophageal cancer, location of mediastinal lymph nodes depend
on the location of the primary tumor. Thoracic mediastinal lymph nodes were
involved in 19.44% of patients with upper thoracic esophageal carcinoma; in 34.7%
of patients with middle thoracic esophageal carcinomas; and in 34.1% of patients
with lower thoracic esophageal carcinoma [8].

Another cause of thoracic lymphadenopthy is lymphoma, in which mediastinal
lymph node involvement is more frequent than hilar, which is usually asymmetrical
and accompanied by mediastinal involvement [9] (see Figs. 2.27, 2.28, 2.29, 2.30,
2.31, and 2.32).

Lymphoma tends to expand along or around rather than invade existing struc-
tures. In Hodgkin’s disease, upwards of 85% of patients have intrathoracic involve-
ment on CT, compared with approximately 50% with non-Hodgkin’s lymphoma [9,
10]. Hodgkin’s disease tends to spread contiguously between lymph node groups,
while non-Hodgkin’s lymphoma more frequently involves atypical lymph node
sites, such as posterior mediastinal and anterior diaphragmatic nodes [9, 10].

Intrathoracic lymph node metastases from extrathoracic carcinomas are infre-
quent. They were detected on chest radiograph in 25 of 1071 patients (2.3%) by
McLoud and colleagues [11]. The primary malignancies included eight tumors of
the head and neck, 12 genitourinary malignancies, three carcinomas of the breast,
and two malignant lymphomas. The most frequently detected lymph node group
was the right paratracheal 4R and 2R (60%).

Mabon and Libshitz [12] analyzed 50 mediastinal metastases of infradiaphrag-
matic malignancies on computed tomodensitography, a technique allowing a better
visualization of all nodal groups in the mediastinum. Several lymph node stations
were commonly involved, and only one single station was involved in only 6%.
Besides a majority of genitourinary malignancies (kidney, 25; testis, 7; prostate, 4;
ovary, 3; bladder, 2), they also observed metastases from carcinoma of the colon or
rectum in 6 and stomach in 3. Libson and colleagues [13] reported 12 cases of medi-
astinal metastases in 19,994 patients (1%) with carcinomas of the stomach, pan-
creas, colon, and rectum.
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In a recent study on the role of surgery in intrathoracic lymph node metastases
from extrathoracic carcinoma [14], 26 of 565 patients with mediastinal lymph node
enlargement had a history of extrathoracic carcinoma (breast, 7; kidney, 5; testis, 3;
prostate, 2; bladder, 1; head and neck, 3; thyroid gland, 2; rectum, 1; intestine, 1;
melanoma, 1).

Fig. 2.27 (a, b) Axial positron emission tomography (PET) scan of the thorax shows fluoro-
deoxy-glucose (FDG) avid uptake by mediastinal lymph nodes in a case of lymphoma (green)

Fig. 2.28 (a, b) Axial PET scan of the thorax shows FDG avid uptake by mediastinal lymph
nodes in a case of lymphoma (green)

-

Fig. 2.29 (a, b) Axial PET scan of the thorax shows FDG avid uptake by mediastinal lymph
nodes in a case of lymphoma (green)
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Fig. 2.30 (a, b) Axial PET scan of the thorax shows FDG avid uptake by mediastinal lymph
nodes in a case of lymphoma (green)

-

Fig. 2.31 (a, b) Axial PET scan of the thorax shows FDG avid uptake by mediastinal lymph
nodes in a case of lymphoma (purple)

Fig. 2.32 (a, b) Axial PET scan of the thorax shows FDG avid uptake by mediastinal lymph
nodes in a case of lymphoma (purple)
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2.8 Axillary Lymph Nodes

Axillary lymph nodes are divided into five groups according to their afferent vessels
and respective relationships with the vascular structures of the axilla [15] (see
Figs. 2.33,2.34, and 2.35).

Fig. 2.33 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged axillary group of
lymph nodes (yellow)

Fig.2.34 Schematic
illustration shows different
subgroups of the axillary
lymph nodes using a
color-coding scheme
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Fig.2.35 Schematic
illustration shows different
subgroups of the axillary
lymph nodes using a
color-coding scheme

2.8.1 Lateral or Brachial Group

Nodes situated to the inferomedial side of the axillary vein.

Afferent vessels: Drain the lymph from the superficial and deep compartments of
upper lymph, except for the superficial vessels of the arm that run along the
cephalic vein.

Efferent vessels: Most terminate in the central or apical groups, whereas others
pass into the supraclavicular nodes.

2.8.2 Anterior or Pectoral Group

Nodes located behind the pectoralis major muscle and along the lower border of the
pectoralis minor, forming a chain along and behind the lateral thoracic vessels.
Afferent vessels: From the skin and muscles of the anterior and lateral walls of
the trunk above the umbilicus, and the lateral parts of the breast.
Efferent vessels: Extend to the central and apical groups of axillary nodes.
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2.8.3 Posterior or Subscapular Group

Nodes arranged in a chain that follows the subscapular vessels in the groove that
separates the teres minor and subscapularis muscles.

Afferent vessels: Collect the lymph nodes arising from the muscles and skin of
the back and from the scapular area down to the iliac crest.

Efferent vessels: Drain into the central and apical lymph nodes.

2.8.4 Central Group

Located in the central part of the adipose tissue of the axilla between the preceding
chains that progressively converge toward them.
Efferent vessels: Extend into the apical group.

2.8.5 Apical Group

Nodes that occupy the apex of the axilla, behind the upper portion of the pectoralis
minor and partly above this muscle. The majority of these nodes rest on the infero-
medial side of the proximal part of the axillary vein, in close contact with the upper
digitations of serratus anterior.

Afferent vessels: From all other axillary nodes; they also drain some superficial
vessels running along the cephalic vein.

Efferent vessels: The efferent vessels of this group unite to form the subclavian
trunk, which finally opens into the right lymphatic duct on the right side or into the
thoracic duct on the left side.

The inferior border of the pectoralis major and the inferolateral and superome-
dial edges of the pectoralis minor can be used as anatomical landmarks to separate
the inferior (I), middle (IT), and superior (III) levels of the axillary space. Narrowing
progressively, these levels contain the anterior (pectoral), lateral (brachial), poste-
rior (subscapular), and central groups of nodes (level I), and then the central and
apical groups (levels II and III).

2.8.6 Malignant Causes of Enlargement

The most common cause of malignant axillary lymph node enlargement is breast
cancer. The relationship between the tumor diameter and the probability of nodal
involvement in all tumor sizes appears linear. For patients with cancer 5 cm or
greater, 71.1% are expected to have at least one node involved [16]. Other common
causes include lymphoma and malignant melanoma.

Rare causes would include basal cell carcinoma [17] and ovarian cancer [18].



48 A.T.Foran and M. G. Harisinghani

2.9 Chest Wall Nodes

2.9.1 Internal Mammary (Internal Thoracic or
Parasternal) Nodes

These nodes lie at the anterior ends of the intercostal spaces, along the internal
mammary (internal thoracic) vessels (see Figs. 2.36 and 2.37).

Afferent vessels: These nodes receive lymphatic drainage from the anterior dia-
phragmatic nodes, anterosuperior portions of the liver, medial part of the breasts,
and deeper structures of the anterior chest and upper anterior abdominal wall.

Efferent vessels: May empty into the right lymphatic duct, the thoracic duct, or
the inferior deep cervical nodes [19].

Fig.2.36 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged left internal mam-
mary lymph nodes (pink)

Fig.2.37 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged left internal mam-
mary lymph nodes (pink)
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2.9.2 Malignant Causes of Enlargement

One of the commonest causes of internal mammary lymph node enlargement is
breast cancer. In a study on patients undergoing free flap breast reconstruction, 43
patients had internal mammary lymph node sampling and six patients had positive
lymph nodes [20].

2.9.3 Posterior Intercostal Nodes

These nodes are located near the heads and necks of the posterior ribs.
Afferent vessels: They receive lymphatic drainage from the posterolateral inter-
costal spaces, posterolateral breasts, parietal pleura, vertebrae, and spinal muscles.
Efferent vessels: From the upper intercostal spaces end in the thoracic duct on
the left, and in one of the lymphatic ducts on the right. Those from the lower four to
seven intercostal spaces unite to form a common trunk, which empties into the tho-
racic duct or cisterna chyli [19].

2.9.4 Juxtavertebral (Pre-vertebral or Paravertebral) Nodes

These lie along the anterior and lateral aspects of the vertebral bodies, most com-
mon from T8 to T12. They communicate with posterior mediastinal lymph nodes
and the posterior intercostal nodes, and similarly drain to the right lymphatic duct
or thoracic duct [19].

2,9.5 Diaphragmatic Nodes

They are located on or just above the thoracic surface of the diaphragm and are
divided into three groups [21].

2.9.6 Anterior (Pre-pericardial or Cardiophrenic) Group

These are located anterior to the pericardium, posterior to the xiphoid process, and
in the right and left cardiophrenic fat (see Figs. 2.38, 2.39, 2.40, and 2.41).

Afferent vessels: From the anterior part of the diaphragm and its pleura, and the
anterosuperior portion of the liver.

Efferent vessels: They drain to the internal mammary nodes alongside the xiphoid
and can provide a route for retrograde spread of breast cancer to the liver via lym-
phatics of the rectus abdominis muscle when the upper internal thoracic trunks are
blocked.
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Fig.2.38 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged pericardial lymph
node in a case of hepatocellular carcinoma (green)

Fig. 2.39 (a, b) Sagittal reformatted CT scan of the thorax and upper abdomen shows enlarged
pericardial lymph node in a case of hepatocellular carcinoma (green)

Fig.2.40 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged anterior diaphrag-
matic lymph node (orange)
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Fig.2.41 (a, b) Axial contrast-enhanced CT scan of the thorax shows enlarged anterior diaphrag-
matic lymph node in a case of sarcoidosis (orange)

2,9.7 Middle (Juxtaphrenic or Lateral) Group

This group receives lymph from the central diaphragm and from the convex surface
of the liver on the right.

2.9.8 Posterior (Retrocrural) Group

These nodes lie behind diaphragmatic crura and anterior to the spine.

Afferent vessels: Lymph from the posterior part of the diaphragm.

Efferent vessels: They communicate with the posterior mediastinal and para-
aortic nodes in the upper abdomen.

Figure 2.42 represents the schematic illustration of all major groups of lymph
nodes in the chest using a color-coding scheme. The color coding is also depicted
on Fig. 2.43.
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Fig.2.42 Schematic
illustration shows all major
groups of lymph nodes in
the chest using a color-
coding scheme

Fig.2.43 Diagram
showing the color-coding
scheme used to identify
various groups of lymph
nodes in the chest
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Abdominal Lymph Node Anatomy 3

Amreen Shakur, Aileen O’Shea,
and Mukesh G. Harisinghani

Lymph node metastasis is frequently seen in most primary abdominal malignant
tumors. The tumor cells enter lymphatic vessels and travel to the lymph nodes along
lymphatic drainage pathways. The lymphatic vessels and lymph nodes generally
accompany the blood vessels supplying or draining the organs. They are all located
in the subperitoneal space within the ligaments, mesentery, mesocolon, and extra
peritoneum. Metastasis to the lymph nodes generally follows the nodal station in a
stepwise direction—that is, from the primary tumor to the nodal station that is clos-
est to the primary tumor and then progresses farther away but within the lymphatic
drainage pathways. Metastasis to a nodal station that is farther from the primary
tumor without involving the nodal station close to the primary tumor (“skip” metas-
tasis) is rare. The key to understanding the pathways of lymphatic drainage of each
individual organ is to understand the ligamentous, mesenteric, and peritoneal attach-
ments and the vascular supply of that organ [1].

The benefits of understanding the pathways of lymphatic drainage of each indi-
vidual organ are threefold. First, when the site of the primary tumor is known, it
allows identification of the expected first landing site for nodal metastases by fol-
lowing the vascular supply to that organ [2, 3]. Second, when the primary site of
tumor is not clinically known, identifying abnormal nodes in certain locations
allows tracking the arterial supply or venous drainage in that region to the primary
organ. Third, it also allows identification of the expected site of recurrent disease or
nodal metastasis or the pattern of disease progression after treatment by looking at
the nodal station beyond the treated site. The location of drainage pattern of abdom-
inal lymphatics is outlined in Table 3.1.

The accuracy for characterizing malignant lymph nodes based on size criteria
(Table 3.2) is low and has been described in published reports.
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Normal-sized lymph nodes can be malignant, and enlarged lymph nodes can be
nonmalignant (see Fig. 3.1) [6-8]. Newer imaging technology involving novel MRI
lymphotropic contrast agents such as ferumoxtran-10 and ferumoxytol has shown to
be superior in discriminating the two [9]. These nanoparticles target the reticuloen-
dothelial system and are carried into lymph nodes by macrophages and cause a
prolonged shortening of both T2 and T2*. Normal lymph nodes contain large num-
bers of macrophages, whereas in metastatic nodes, there is a relative absence result-
ing in signal hyperintensity on MR [10].

The use of PET-CT is well established in certain cancer subtypes. For example,
in esophageal and anal cancers, it is an important tool in the diagnostic workup. In
colorectal cancer and to a lesser degree in localized gastric and pancreatic cancers,
PET-CT is helpful in detecting distant metastases [11-13].
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Fig. 3.1 (a, b) Axial CT image in a patient with cirrhosis shows a prominent portocaval lymph
node (blue)

3.1 Lymphatic Spread of Malignancies
3.1.1 Liver

Hepatocellular carcinoma (HCC) is the most common primary visceral malignancy
[14]. Lymph node metastases (LNM) are rare and generally associated with poor prog-
nosis in hepatocellular carcinoma (see Fig. 3.2). The median survival time of patients
with single and multiple LNM after surgery was 52 and 14 months, respectively [15].

Table 3.4 outlines the regional lymph nodes for hepatocellular carcinoma. There
are several potential pathways for tumor spread, including superficial and deep
pathways, below and above the diaphragm. The superficial lymphatic network (see
Fig. 3.3) is extensive and is located beneath Glisson’s capsule. The drainage of
superficial lymphatics can be classified into three major groups:

1. Through the hepatoduodenal and gastrohepatic ligament pathway, it is the most
common distribution of lymph node metastasis.

2. The diaphragmatic lymphatic plexus is another important pathway of drainage
because a large portion of the liver is in contact with the diaphragm either directly
at the bare area or indirectly through the coronary and triangular ligaments.
However, nodal metastasis through this pathway is often overlooked.

3. The rare pathway for nodal metastasis is along the falciform ligament to the deep
superior epigastric node in the anterior abdominal wall along the deep superior
epigastric artery below the xiphoid cartilage.

The deep lymphatic network follows the portal veins, drains into the lymph
nodes at the hilum of the liver, the hepatic lymph nodes, then to the nodes in the
hepatoduodenal ligament. The nodes in the hepatoduodenal ligament can be sepa-
rated into two major chains: the hepatic artery chain and posterior periportal chain
(see Figs. 3.4 and 3.5). The hepatic artery chain follows the common hepatic artery
to the node at the celiac axis and then into the cisterna chyli. The posterior periportal
chain is located posterior to the portal vein in the hepatoduodenal ligament (see
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Fig. 3.6). It drains into the retropancreatic nodes and the aortocaval node (see
Fig. 3.7) and then into the cisterna chyli and the thoracic duct [1].

Tables 3.3 and 3.4 list the N staging for hepatocellular carcinoma and the regional
lymph nodes for hepatocellular carcinoma. Nodal metastases have been identified
as the main risk factor in the overall survival in patients with HCC with extrahepatic
metastases, with an overall survival of nearly 3 months without treatment [16, 17].
Surgical management provides the best long-term survival; however, only approxi-
mately 20% of patients are surgical candidates at diagnosis [18]. Regional lymph
node involvement is a contraindication for resection and no consensus has yet been
reached on the treatment strategy for LNM from HCC. Long-term survival can be
expected after selective lymphadenectomy, especially in patients with a single
LNM. On the other hand, efficacy of selective lymphadenectomy for multiple LNM
seemed equivocal due to its advanced and systemic nature of the disease [3].
Nonsurgical therapies aiming to achieve local control for patients ineligible for
curative therapy include transarterial chemoembolization (TACE). External beam
radiation therapy (EBRT) has been limited to the palliation of HCC metastases asso-
ciated with distressing symptoms [19]. Radiofrequency ablation, although often
used with curative intent for the primary tumor has also shown to be beneficial in
treating HCC oligometastases [17, 20].

Fig.3.2 (a, b) Axial CT image in a patient with hepatoma shows a metastatic low-density porto-
caval lymph node (blue)

Table 3.2 Size criteria for detecting abdominal malignant lymph nodes [5]

Location Short axis nodal diameter (mm)
Retrocrural >6
Paracardiac >8
Mediastinal >10
Gastrohepatic ligament >8
Upper paraaortic >9
Portacaval >10
Portahepatis >7

Lower paraaortic >11
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Fig. 3.3 Superficial pathways of lymphatic drainage for the liver. The anterior diaphragmatic
nodes consist of the lateral anterior diaphragmatic group and the medial group, which includes the
pericardiac nodes and the subxiphoid nodes behind the xiphoid cartilage. The nodes in the falci-
form ligament drain into the anterior abdominal wall along the superficial epigastric and deep
epigastric lymph nodes. The epigastric and the subxiphoid nodes drain into the internal mam-
mary nodes

Fig.3.4 (a, b) Axial CT image in a patient with hepatocellular carcinoma shows enlarged hyper-
vascular nodes (green) in the periportal locations
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Fig.3.5 (a, b) Axial CT image in a patient with hepatoma shows enlarged nodes in the periportal
(green) and peripancreatic location causing secondary biliary obstruction

Fig. 3.6 Deep pathways
of lymphatic drainage for
the liver. The deep
pathways follow the
hepatic veins to the inferior
vena cava nodes and the
juxtaphrenic nodes that
follow along the phrenic
nerve. The pathways that
follow the portal vein drain
into the hepatic hilar nodes
and the nodes in the
hepatoduodenal ligament,
which then drain into the
celiac node and the
cisterna chyli




64

A. Shakur et al.

Fig. 3.7 Axial CT image
in a patient with
cholangiocarcinoma shows
enlarged prepancreatic
(yellow) and
retroperitoneal lymph
nodes (red)

Table 3.3 N-stage classification for hepatocellular carcinoma

Stage
NX
NO
N1

Findings

Regional nodes cannot be assessed
No regional nodal metastasis
Metastasis in regional lymph nodes

Table 3.4 Regional lymph nodes for hepatocellular carcinoma [7]

Hepatocellular carcinoma
Hepatoduodenal ligament
Caval lymph nodes
Hepatic artery
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3.1.2 Stomach

Gastric cancer is the third most common gastrointestinal malignancy [7]. Lymph
node metastasis in gastric cancer is common, and the incidence increases with
advanced stages of tumor invasion [21].

The lymphatic drainage of the stomach consists of intrinsic and extrinsic systems
(see Fig. 3.8). The intrinsic system includes intramural submucosal and subserosal
networks and the extrinsic system forms lymphatic vessels outside the stomach and
generally follows the course of the arteries in various peritoneal ligaments around
the stomach. These lymphatic vessels drain into the lymph nodes at nodal stations
in the corresponding ligaments and drain into the central collecting nodes at the root
of the celiac axis and the superior mesenteric artery [1].

Tables 3.5 and 3.6 list the nodal staging for gastric carcinoma and the regional
draining lymph nodes. The extent of nodal metastasis as defined by pathologic stag-
ing on surgical specimens has been used as prognostic indicators based on the num-
ber of positive nodes. However, the nodal groups described in this section are based
on anatomic locations according to the Japanese Classification of Gastric
Cancer (JCGC).

The JCGC classified the nodes into three groups (see Fig. 3.9):

e Group 1 are lymph nodes around the stomach including the left cardiac, right
cardiac, greater and lesser curvature, and supra- and infrapyloric nodes. Resection
of these nodes is defined as D1 category (see Fig. 3.10).

e Group 2 are lymph nodes away from the perigastric lymph nodes. They include
the left gastric, common hepatic, splenic artery, splenic hilum, proper hepatic,
and celiac nodes. Resection of nodes in group 1 and group 2 is defined as D2
category.

e Group 3 are lymph nodes in the hepatoduodenal ligament, posterior pancreas,
root of the mesentery, paraesophageal, and diaphragmatic nodes. Resection of
the three nodal groups and paraaortic nodes is defined as D3 category.
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Fig.3.8 Lymphatic
drainage pathways for the
stomach

Table 3.5 N-stage classification for gastric cancer

Stage Findings

NX Regional lymph node(s) cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in 1-6 regional lymph nodes

N2 Metastasis in 7—15 regional lymph nodes

N3 Metastasis in more than 15 regional lymph
nodes

Table 3.6 Regional lymph nodes for gastric cancer [7]

Gastric cancer

Greater curvature of stomach
Greater curvature

Greater omental
Gastroduodenal
Gastroepiploic

Pyloric

Pancreaticoduodenal lymph nodes
Pancreatic and splenic area
Pancreaticolienal
Peripancreatic

Splenic

Lesser curvature of stomach
Lesser curvature

Lesser omental

Left gastric
Cardio-esophageal

Common hepatic
Hepatoduodenal ligament
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Fig. 3.9 The JCGC classification for perigastric lymph nodes. Group I: I right cardial nodes, 2
left cardial nodes, 3 nodes along the lesser curvature, 4 nodes along the greater curvature, 5 supra-
pyloric nodes, 6 infrapyloric nodes. Group 2: 7 nodes along the left gastric artery, 8§ nodes along
the common hepatic artery, 9 nodes around the celiac axis, /0 nodes at the splenic hilus, // nodes
along the splenic artery. Group 3: 12 nodes in the hepatoduodenale ligament, /3 nodes at the pos-
terior aspect of the pancreas head, /4 nodes at the root of the mesenterium, /5 nodes in the meso-
colon of the transverse colon, /6 paraaortic nodes

Fig.3.10 (a, b) Axial CT image in a patient with gastric carcinoma shows enlarged gastrohepatic
lymph nodes (orange) along the lesser curvature

3.1.3 Paraesophageal and Paracardiac Nodes

The lymph from the distal esophagus and the cardiac orifice of the stomach drains
to the paraesophageal lymph nodes around the esophagus above the diaphragm and
the paracardiac nodes below the diaphragm. They can spread upward along the
esophagus to the mediastinal lymph nodes and along the thoracic duct to the left or
right supraclavicular nodes or downward along the esophageal branches of the left
gastric artery to the left gastric nodes and the celiac nodes (see Fig. 3.11) [1].
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Fig.3.11 (a—c) Axial CT image in a patient with esophageal cancer shows enlarged celiac lymph
node (yellow). The node shows FDG activity on a PET scan

3.1.4 Nodal Metastases in the Gastrohepatic Ligament

Tumors arising from the area of the stomach along the lesser curvature and the
esophagogastric junction, supplied by the left gastric artery, generally metastasize
to the lymph nodes in the gastrohepatic ligament (see Fig. 3.12). The primary nodal
group (group 1) consists of nodes along the left and right gastric artery anastomosis
along the lesser curvature. Group 2 nodes include the nodes along the left gastric
artery and vein in the gastropancreatic fold that drain toward the nodes at the celiac
axis. Tumors arising from the area of the stomach in the distribution of the right
gastric artery along the lesser curvature of the gastric antrum drain into the perigas-
tric nodes and the suprapyloric nodes near the pylorus (group 1). They then drain
into the nodes at the common hepatic artery (group 2), from where the right gastric
artery originates or the area where the right gastric vein drains into the portal vein.
From these nodes, drainage continues along the hepatic artery toward the celiac axis
(group 2). The lymphatic anastomoses in the gastrohepatic ligament along the lesser
curvature form the alternate drainage pathways for the tumors arising from this
region. Less commonly they are involved in pancreatic cancer due to retrograde
tumor extension from the celiac nodes [1].
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Fig.3.12 (a, b) Coronal reformatted CT image in a patient with stomach cancer show prominent
gastrohepatic ligament lymph nodes (orange)

3.1.5 Nodal Metastases in the Gastrosplenic Ligament

Lymphatic drainage of tumors at the posterior wall and the greater curvature of the
gastric fundus spreads to the perigastric nodes (group 1) in the superior segment of
the gastrosplenic ligament, then follows along the branches of the short gastric
artery to the nodes at the hilum of the spleen (group 2). The tumors from the greater
curvature of the body of the stomach also spread to the perigastric nodes (group 1)
and then advance along the left gastroepiploic vessels and drain into the lymph
nodes in the splenic hilum (group 2). From the splenic hilum, they may spread to the
nodes along the splenic artery to the nodes at the celiac axis (group 2). In addition,
the tumors from the posterior wall of the gastric fundus and upper segment of the
body may drain along the posterior gastric artery to the nodes along the splenic
artery that are known as the suprapancreatic nodes or the nodes in the splenorenal
ligament and then to the nodes at the celiac axis [1].

3.1.6 Nodal Metastases in the Gastrocolic Ligament

Primary tumors involving the greater curvature of the antrum of the stomach in the
distribution of the right gastroepiploic artery spread to the perigastric nodes (group
1) accompanying the right gastroepiploic vessels that course along the greater cur-
vature of the stomach. They drain into the nodes at the gastrocolic trunk (group 2)
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(see Fig. 3.13) or the nodes at the origin of the right gastroepiploic artery and the
nodes along the gastroduodenal artery (the subpyloric or infrapyloric node). From
there, they may proceed to the celiac axis or the root of the superior mesenteric
artery [1].

Fig.3.13 (a, b) Coronal reformatted CT image in a patient with stomach cancer shows prominent
gastrocolic ligament lymph nodes (orange)
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3.1.7 Inferior Phrenic Nodal Pathways

Tumors involving the esophagogastric junction or the gastric cardia may invade the
diaphragm as they penetrate beyond its wall. The lymphatic drainage of the perito-
neal surface of the diaphragm is via the nodes along the inferior phrenic artery and
veins that course along the left crus of the diaphragm toward the celiac axis or the
left renal vein [1].

CT is the most widely recommended method for preoperative staging of gastric
cancer with sensitivities for lymph node staging ranging from approximately 63%
to 92% [22]. The presence of lymph node metastases precludes endoscopic resec-
tion in cases of T1 tumor that would otherwise be eligible [23]. Involvement of
regional nodes also affects the extent of lymphadenectomy and the need for chemo-
therapy. Group one nodal involvement implies subserosal spread of disease and
excludes patients from laparascopic gastrectomy [23, 24].

The variable nodal drainage pattern with skip metastases and the presence of
metastatic disease in normal-sized nodes, however, continue to be challenging [24].
The accuracy of MRI is considered to be inferior to CT for examining LN involve-
ment but may be more accurate than CT for nonnodal metastatic disease [25].
Further diagnostic imaging via 18 F-fluoro-deoxy-D-glucose (FDG) PET is not a
replacement for CT in gastric cancer cases but can complement CT for staging and
prognostic information [26].

3.1.8 Small Intestine

The three most common malignant tumors of the small intestine are lymphoma,
adenocarcinoma, and carcinoid tumor. The path of regional nodal metastasis fol-
lows the vessels of the involved segment to the root of the superior mesentery artery
(SMA) (see Fig. 3.14) near the head of the pancreas and to the extra peritoneum [1].

Fig.3.14 (a, b) Axial CT image in a patient with lymphoma shows enlarged, clustered mesenteric
root lymph nodes (red)
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3.1.9 Appendix

Similar to the small intestine, carcinoid tumor, noncarcinoid epithelial tumor, and
lymphoma are the three most common tumors of the appendix. Lymph node metas-
tasis is rare in the tumors of the appendix. Generally, nodal metastasis follows the
ileocolic vessels along the root of the mesentery to the origin of the SMA and the
paraaortic region [1].

3.1.10 Colorectal

Colorectal adenocarcinoma is the third most common cancer and the third most
common cause of cancer deaths [7]. Lymph node metastasis is one of the most
important prognostic factors in the TNM classification—defining the number of
positive nodes in stepwise incremental groups—that correlates with poorer outcome
(Table 3.7) (see Fig. 3.15) [1]. Patients with node-negative disease have 5-year sur-
vival rates of 70-80% compared to 30-60% in those with node-positive disease [27].

Accurate identification of abnormal lymph nodes is important as it aids in preopera-
tive planning of the extent of surgery. Patients with T1-T?2 rectal tumors can be treated
with resection alone. If there are nodal metastases (or if the tumor is T3), neoadjuvant
treatment is required. It also helps in identifying regions of possible recurrence in treated
cases, in the clinical setting of increasing carcinoembryonic antigen levels [3, 28, 29].

Table 3.8 lists regional lymph nodes for colorectal cancer. Lymph from the wall
of the large intestine and rectum drains into the lymph nodes accompanying the
arteries and veins of the corresponding colon and rectum [2, 3]. The nodes can be
classified according to the location as follows (see Fig. 3.16).

e The epicolic nodes accompanying the vasa recta outside the wall

e The paracolic nodes along the marginal vessels

e The intermediate mesocolic nodes along the ileocolic, right colic, middle colic,
left ascending and descending colic, left colic, and sigmoidal arteries

» The principal nodes at the gastrocolic trunk, the origin of the middle colic artery,
and the origin of the inferior mesenteric artery

Cecum and ascending colon. The lymphatic drainage is via the epicolic nodes and
the paracolic nodes, which are seen in proximity with the marginal vessels along the
mesocolic side of the colon. From the paracolic nodes (see Fig. 3.17), lymphatic
drainage follows the vessels in the ileocolic (see Fig. 3.18) and right colic mesen-
tery, where the intermediate nodal group is located and drains into the principal
nodes at the root of the SMA.
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Transverse colon. The lymphatic drainage is from the epicolic nodes and the para-
colic nodes (along the marginal vessels) to the intermediate nodal group situated
along the middle colic vessels and then into the principal node at the root of the
SMA (see Fig. 3.19).

Left side of colon and upper rectum. The lymphatic drainage is from the epicolic
and the paracolic (along the marginal vessels) group to the intermediate mesocolic
nodes including the left colic nodes and then to the principal inferior mesenteric
artery (IMA) nodes (see Fig. 3.20).

Lower rectum. There are two different lymphatic pathways: one is along the supe-
rior hemorrhoidal vessels toward the mesorectum (see Figs. 3.21, 3.22, 3.23, and
3.24) and mesocolon; the other is the lateral route, along the middle and inferior
hemorrhoidal vessels toward the hypogastric and obturator nodes and then to the
paraaortic nodes (see Figs. 3.25 and 3.26).

Anus. Anal tumors usually spread to the superficial inguinal nodes and then to the
deep inguinal nodes along the common femoral vessels. From here they ascend to
the external iliac, common iliac, and paraaortic groups (see Figs. 3.27 and 3.28).
Table 3.9 demonstrates the most recent TNM staging for anal carcinoma.

A key pathologic characteristic in determining the stage of disease in colon can-
cer is the status of the draining lymph nodes [30]. The criteria for distance between
tumor and mesorectal fascia in case of T3 tumors also apply for mesorectal nodes
lying within the mesorectal fat (see Fig. 3.29). Nodes are more than 3 mm in size,
whereas tumor deposits are smaller. If lymph nodes are involved with tumor (stage
[T disease), 5-fluorouracil-based adjuvant therapy improves survival [31]. However,
for node-negative disease (stage II disease), the benefits of adjuvant chemotherapy
are not well established.

MRI with the use of ultrasmall superparamagnetic iron oxide (USPIO) contrast
agents has been shown to increase the diagnostic specificity of the nodal assessment
compared to size and morphology on conventional MRI. This is of particular value
in identifying patients with node-negative disease who are being considered for
local excision surgery [32].

Because of the nonspecificity on anatomic imaging, additional imaging studies
and aspiration biopsy are frequently used to establish the diagnosis of metastatic
disease before treatment decision. In primary rectal cancer, PET-CT has been shown
to be useful in identifying patients achieving complete response to chemoradio-
therapy. It has the potential to identify patients who would benefit from surveillance
rather than radical resection [33].
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Table 3.7 N-stage classification for colorectal cancer

Stage Findings

NX Regional nodes cannot be assessed

N1 Metastasis in one to three regional lymph nodes
N2 Metastasis in four or more regional lymph nodes

Fig.3.15 (a, b) Axial CT image in a patient with primary colon cancer shows an enlarged celiac
lymph node (yellow)

Table 3.8 Regional lymph nodes for colorectal cancer [7]

Colorectal cancer
Pericolic/perirectal

Ileocolic

Right colic

Middle colic

Left colic

Inferior mesenteric artery
Superior rectal (hemorrhoidal)
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Fig.3.16 Lymphatic
drainage pathways for the
colon

Fig. 3.17 (a, b) Coronal T2-weighted image in a patient with ascending colon adenocarcinoma
with metastatic pericolic lymph node (red)
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Fig. 3.18 (a, b) Coronal reformatted CT image in a patient with cecal cancer shows prominent
ileocolic lymph node (red)

Fig.3.19 (a, b) Axial CT image in a patient with malignancy in the transverse colon shows peri-
colonic (red), mesenteric (yellow), and left periaortic (green) lymph nodes
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Fig. 3.20 (a, b) Axial oblique T2-weighted images in a patient with rectal cancer shows meta-
static inferior mesenteric lymph node (blue)

Fig. 3.21 (a, b) Axial CT image in a patient with primary rectal cancer shows an enlarged left
perirectal lymph node (blue)

Fig. 3.22 (a, b) Axial CT image in a patient with rectal cancer showing metastatic perirectal
lymph nodes (blue)
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Fig.3.23 (a, b) Axial T2-weighted image (left) and Apparent Diffusion Coefficient (ADC) map
(right) of a patient with rectal cancer showing metastatic perirectal lymph nodes (blue) with
restricted diffusion and dark signal on ADC

Fig. 3.24 Fused axial
PET-CT image shows FDG
avid metastatic left
perirectal lymph node
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Fig. 3.25 (a, b) Axial CT image in a patient with rectal cancer (not shown) shows metastatic
retrocaval (purple) and left periaortic lymph node (green)

Fig.3.26 Coronal
reformatted CT image in a
patient with primary
colonic mucinous
adenocarcinoma shows
calcified metastatic left
periaortic lymph nodes
(arrows)

Fig.3.27 (a, b) Axial CT image in a patient with anal cancer shows metastatic left inguinal lymph
node (blue)
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Fig. 3.28 (a, b) Axial T2-weighted image in a patient with anal cancer shows metastatic left
external iliac lymph node (purple)

Table 3.9 Regional lymph nodes for anal carcinoma

Stage Findings

NO No regional lymph node metastasis

N1 Metastasis in regional lymph node(s)

Nla Metastases in inguinal, mesorectal, and/or internal iliac nodes

Nl1b Metastases in external iliac nodes

Nlc Metastases in external iliac and in inguinal, mesorectal, and/or internal iliac nodes

Fig. 3.29 (a, b) Axial T2-weighted image in a patient with rectal cancer shows heterogenous
metastatic perirectal lymph node (blue)
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3.2 Retroperitoneal Lymph Nodes
3.2.1 Renal, Upper Urothelial, and Adrenal Malignancies

Lymphatics draining the kidney are derived from three plexuses: one beneath the
renal capsule, the second around the renal tubules, and the third in the perirenal fat.
These plexuses drain into lymphatic trunks that run from the renal hilum along the
renal vein to the paraaortic nodes, which then drain into the cisterna chyli and pre-
dominantly the left supraclavicular nodes via the thoracic duct. The lymphatic
drainage for the proximal ureters is to the paraaortic nodes in the region of the renal
vessels and gonadal artery. The middle ureteral lymphatics drain to the common
iliac nodes and the lower ureteral lymphatics to the external and internal iliac nodes.
All the iliac nodes drain to the paraaortic nodes, cisterna chyli, and predominantly
the left supraclavicular nodes via the thoracic duct. The adrenal lymphatics drain to
the paraaortic nodes [1].

3.2.2 Lymphatic Spread of Malignancies

3.2.2.1 Renal Tumor

Renal tumors account for 3% of all cancer cases and deaths [34]; the majority of
these are renal cell carcinomas. Lymph node status is a strong prognostic indicator
in patients with kidney cancer [35, 36] with 5-year disease-specific survival for
patients with node-positive disease reported between 21% and 38% [1, 2, 37].
Patients without lymph node involvement however (NO) have a 5-year estimated
survival of greater than 50% [38].

Lymphatic spread of renal cell carcinomas (RCC) is initially to regional lymph
nodes. These include nodes along the renal arteries from the renal hilum to the para-
aortic nodes at this level (see Fig. 3.30). The presence of lymph node involvement
in RCC doubles a patient’s risk of distant metastasis [3]. Ten to fifteen percent of
patients have regional nodal involvement without distant spread. Lymphatic spread
may continue above or below the level of the renal hilum, with subsequent spread to
the cisterna chyli and to the left supraclavicular nodes via the thoracic duct.
Occasionally, there is spread from these nodes to the mediastinum and pulmonary
hilar nodes [1].

Table 3.9 lists the N-Stage classification for kidney cancer. Diagnosis of patho-
logic lymph nodes is problematic, as approximately 50% of enlarged regional nodes
are hyperplastic [39]. Criteria currently used for suspect nodes are those 1 cm or
more in short axis and loss of oval shape and fatty hilus. Clustering of three or more
nodes in the regional area is also suggestive of metastatic spread.
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Fig. 3.30 (a, b) Axial CT image in a patient with left nephrectomy for renal cell cancer shows
enlarged aortocaval (red) lymph node with biopsy-proven recurrent RCC

3.2.2.2 Urothelial Tumors

Periureteral extension from ureteral transitional cell carcinoma (TCC) is secondary
to growth through the ureteral wall and involvement of the extensive lymphatic
drainage. The sites of regional lymphatic spread are dependent on the location of the
tumor. The paraaortic nodes are involved initially in the renal pelvic and upper ure-
teral tumors (see Fig. 3.31). If the origin is from the middle ureter, metastases are to
the common iliac nodes, whereas lower ureteral tumors involve the internal and
external nodes initially. The iliac nodes drain into the paraaortic nodes. Lymphatics
within the wall of the ureter allow for direct extension within the wall [1].
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Fig. 3.31 (a, b) Axial post gadolinium-enhanced T1-weighted image shows metastatic left peri-
aortic lymph nodes (red) in a patient with left transitional cell carcinoma

3.2.2.3 Adrenal Tumors

Primary malignant tumors of the adrenal gland arise from the cortex as adrenocorti-
cal carcinomas or from the medulla as pheochromocytomas or in the spectrum of
the neuroblastoma ganglioneuroma complex. Most of these tumors spread by lym-
phatic spread to the paraaortic lymph nodes [1].

3.3 Pancreatic Cancer

Pancreatic cancer is the second most common gastrointestinal malignancy and is the
fifth leading cause of cancer-related death. The majority of cases are ductal adeno-
carcinomas (exocrine ductal epithelium, 95% of cases). Up to two-thirds may be
located in the head of the pancreas. Lymph node metastases are common in pancre-
atic and duodenal cancer and they carry a poor prognosis [40, 41].

3.3.1 Lymphatic Spread and Nodal Metastasis

Lymphatic drainage of the head of the pancreas is different from that of the body
and tail (Tables 3.10 and 3.11; see Fig. 3.32).

The head of the pancreas and the duodenum share similar drainage pathways by
following arteries around the head of the pancreas [41, 42]. They can be divided into
three major routes: the gastroduodenal, the inferior pancreaticoduodenal, and the
dorsal pancreatic:

1. Around the head of the pancreas, multiple lymph nodes can be found between
the pancreas and duodenum above and below the root of the transverse mesoco-
lon and anterior and posterior to the head of the pancreas. Although many names
are used for these nodes such as the inferior and superior pancreaticoduodenal
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nodes (see Fig. 3.33), they can be designated peripancreatic nodes (see Fig. 3.34).
The gastroduodenal route collects lymphatics from the anterior pancreaticoduo-
denal nodes (see Figs. 3.35, 3.36, and 3.37), which drain lymphatics along the
anterior surface of the pancreas, and the posterior pancreaticoduodenal nodes,
which follow the bile duct along the posterior pancreaticoduodenal vein to the
posterior periportal node.

2. The inferior pancreaticoduodenal route also receives lymphatic drainage from
the anterior and posterior pancreaticoduodenal nodes by following the inferior
pancreaticoduodenal artery to the superior mesenteric artery node. Occasionally,
they may also drain into the node at the proximal jejunal mesentery.

3. The dorsal pancreatic route is uncommon. It collects lymphatics along the medial
border of the head of the pancreas and follows the branch of the dorsal pancreatic
artery to the superior mesenteric artery or celiac node. The lymphatic drainage of
the body and tail of the pancreas follows the dorsal pancreatic artery, the splenic
artery, and vein to the celiac lymph node.

The lymphatic drainage of the body and tail of the pancreas follows the dorsal
pancreatic artery, the splenic artery, and vein to the celiac lymph node. The nodal
staging for pancreatic cancer based on American Joint Committee on Cancer
(AJCC) criteria is listed in Tables 3.12 and 3.13. Table 3.14 lists the regional lymph
nodes for pancreatic cancer.

Preoperative imaging studies, using the size of the nodes as diagnostic criteria,
are not accurate for the diagnosis of nodal metastasis. Normal-sized lymph nodes
may harbor micrometastases, whereas enlarged nodes are often reactive [43].
Because of the lack of accuracy, peripancreatic lymph nodes and the nodes along
the gastroduodenal artery and inferior pancreaticoduodenal artery are included in
radiation field, and they are routinely resected at the time of pancreaticoduodenec-
tomy. However, it is important to note when an abnormal node, such as one with low
density and/or irregular border, is detected beyond the usual drainage basin and
outside the routine surgical or radiation field, such as in the proximal jejunal mes-
entery or at the base of the transverse mesocolon, as these can be the sites of recur-
rent disease [1].

Currently, the only potentially curative therapy for pancreatic carcinoma is com-
plete surgical resection; however, only 5-20% of patients have potentially resectable
disease at the time of diagnosis [44]. With regard to nodal staging, the distinction of
regional versus extraregional nodes is crucial to identify. Abnormal nodes that are in
the surgical bed are considered nodal metastasis and are generally not a contraindica-
tion to surgery. If, however, they are confirmed at surgery, adjuvant chemotherapy is
indicated [45]. For cancers in the pancreatic head/neck, this includes lymph nodes
along the celiac axis and in the peripancreatic and periportal regions, and for cancers
in the body/tail, this includes lymph nodes along the common hepatic artery (CHA),
celiac axis, splenic artery, and splenic hilum. Involved nodes outside the surgical bed
are considered distant metastases and surgery is contraindicated [45].

For patients with suspected cancer recurrence, PET/CT has been shown to
improve the diagnostic accuracy, especially in patients with elevated tumor markers
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but equivocal CT findings [46]. PET-CT also has a potential use for radiotherapy
treatment planning by more accurately depicting the burden of gross tumor volume
compared to CT alone [47].

Table 3.10 N-stage classification for renal cancer

Stage Findings

NX Regional nodes cannot be assessed

NO No regional nodal metastases

N1 Metastases in a single regional lymph node

N2 Metastasis in more than one regional lymph
node

Table 3.11 Lymph node groups in tumors of the pancreatic head, body, and tail

Lymph node station

group Tumor of head Tumor of body/tail

1 13a, 13b, 17a, 17b 8a, 8p, 10, 11p, 11d, 18

2 6, 8a, 8p, 12a, 12b, 12p, 14p, 14d 7,9, 14p, 14d, 15

3 1,2,3,4,5,7,9,10, 11p, 11d, 15, 5, 6, 12a, 12b, 12p, 13a, 13b, 17a,
16a2, 16bl, 18 17b, 16a2, 16b1

Fig. 3.32 Lymph node
stations according to the
classification of pancreatic
carcinoma proposed by the
Japan Pancreas Society
(see Table 3.11)
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Fig.3.33 (a, b) Axial CT image in a patient with metastatic sarcoma with multiple metastases to
the pancreas (arrows) and to the superior pancreaticoduodenal lymph node (blue)

Fig. 3.34 (a, b) Axial CT image in a patient with primary pancreatic adenocarcinoma shows
metastatic retropancreatic lymph node (blue)

Fig.3.35 Axial CT image
in a patient with healed
tuberculosis shows a
calcified lymph node in
superior
pancreaticoduodenal
location
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Fig.3.36 (a, b) Axial T2-weighted image in a patient with pancreatitis shows an enlarged supe-
rior pancreaticoduodenal lymph node (blue)

Fig.3.37 (a, b) Coronal reformatted image in a patient with primary pancreatic adenocarcinoma
(not shown) shows a prominent inferior pancreaticoduodenal lymph node (blue)

Table 3.12 Lymph node stations in pancreatic carcinoma as proposed by the Japan
Pancreas Society

Station Name

1 Right cardial lymph nodes

2 Left cardial lymph nodes

3 Lymph nodes along the lesser curvature of the stomach
4 Lymph nodes along the greater curvature of the stomach
5 Suprapyloric lymph nodes

6 Infrapyloric lymph nodes

7 Lymph nodes along the left gastric artery

8a Lymph nodes in the anterosuperior group along the common hepatic artery
8p Lymph nodes in the posterior group along the common hepatic artery
9 Lymph nodes around the celiac artery

10 Lymph nodes at the splenic hilum
11p Lymph nodes along the proximal splenic artery

(continued)
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Table 3.12 (continued)

Station Name

11d
12a
12p
12b
13a

13b
14p
14d
15
16
16al
16b1

16b2
17a

17b
18

Lymph nodes along the distal splenic artery

Lymph nodes along the hepatic artery

Lymph nodes along the portal vein

Lymph nodes along the bile duct

Lymph nodes on the posterior aspect of the superior portion of the head of the
pancreas

Lymph nodes on the posterior aspect of the inferior portion of the head of the pancreas
Lymph nodes on the proximal superior mesenteric artery

Lymph nodes along the distal superior mesenteric artery

Lymph nodes along the middle colic artery

Lymph nodes around the abdominal aorta

Lymph nodes around the aortic hiatus of the diaphragm

Lymph nodes around the abdominal aorta (from the superior margin of the celiac trunk
to the inferior margin of the inferior mesenteric artery)

Lymph nodes around the abdominal aorta (from the superior margin of the inferior
mesenteric artery to the aortic bifurcation)

Lymph nodes on the anterior surface of the superior portion of the head of the pancreas
Lymph nodes on the anterior surface of the inferior portion of the head of the pancreas
Lymph nodes along the inferior margin of the pancreas

Table 3.13 N-stage classification for pancreatic cancer

Stage
NX
NO
N1

Findings

Regional nodes cannot be assessed
No regional nodal metastases
Regional lymph node metastasis

Table 3.14 The regional lymph nodes for pancreatic cancer

Pancreatic cancer

Peripancreatic
Hepatic artery
Celiac axis

Pyloric

Splenic region
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Pelvic Lymph Node Anatomy 4

Amreen Shakur, Aileen O’Shea,
and Mukesh G. Harisinghani

A good basic understanding of the anatomy and nomenclature of the inguino-pelvic
nodal groups is essential for accurate staging of male and female urogenital pelvic
neoplasms. Lymph nodes are not only crucial for staging and management but also
important factors in prognosticating the disease.

4.1 Classification and Anatomical Location of Pelvic
Lymph Nodes

4.1.1 Common lliac Nodal Group

The common iliac nodal group consists of three subgroups: lateral, middle, and
medial (see Fig. 4.1). The lateral subgroup is an extension of the lateral chain of
external iliac nodes located lateral to the common iliac artery (see Figs. 4.2 and 4.3).
The medial subgroup occupies the triangular area bordered by both common iliac
arteries from the aortic bifurcation to the bifurcation of common iliac artery into
external and internal iliac arteries. Nodes at the sacral promontory are included in
this chain (see Fig. 4.4). The middle subgroup is located in the lumbosacral fossa
(the area bordered posteromedially by the lower lumbar or upper sacral vertebral
bodies, anterolaterally by the psoas muscle, and anteromedially by the common
iliac vessels) and between the common iliac artery and common iliac vein [1].
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Fig. 4.1 The paraaortic
nodes are outlined in deep
purple, green nodes are
common iliac, external
iliac nodes are light purple,
and internal iliac nodes are
blue. The common iliac
nodal group consists of
three chains: (1) the lateral
chain, which is located
lateral to the common iliac
artery and forms an
extension from the lateral
external iliac nodal chain;
(2) the medial chain, which
occupies the triangular area
bordered by both common
iliac arteries and includes
nodes at the sacral
promontory; and (3) the
middle chain, which
consists of nodes within
the lumbosacral fossa. The
relation of these nodes to
the common iliac vein is
also shown

Fig. 4.2 (a, b) Axial CT image shows bilateral common iliac lymph nodes (green)
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Fig. 4.4 Axial CT image
shows the node at the
sacral promontory (purple),
which is included in
medial subgroup of the
common iliac group

4.1.2 External lliac Nodal Group

The external iliac nodal group consists of three subgroups: lateral, middle, and
medial (see Figs. 4.5 and 4.6). The lateral subgroup includes nodes that are located
along the lateral aspect of the external iliac artery (see Fig. 4.7). The middle sub-
group comprises nodes located between the external iliac artery and the external
iliac vein (see Fig. 4.8). The medial subgroup contains nodes located medial and
posterior to the external iliac vein. The medial subgroups are also known as the
obturator nodes (see Figs. 4.9 and 4.10) [2].
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Fig. 4.5 External iliac
lymph nodes (purple).
Schematic shows the
external iliac nodal group
comprising the lateral
chain, positioned laterally
along the external iliac
artery; the middle chain,
situated between the
external iliac artery and
external iliac vein; and the
medial chain (also known
as obturator nodes),
positioned medial and
posterior to the external
iliac vein

Fig. 4.6 Axial contrast-
enhanced CT image shows
the three chains of the
external iliac nodal group.
These are, as depicted, the
lateral (big purple) chain,
the middle (small purple)
chain, and the medial (red)
chain
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Fig. 4.7 (a, b) Coronal T2-weighted image in a patient with rectal cancer showing enlarged left
external iliac lymph nodes (blue)

Fig. 4.9 (a, b) Axial CT image shows enlarged bilateral obturator lymph nodes (purple)
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Fig.4.10 (a—d) Axial and coronal reformatted CT images show enlarged right obturator (purple)
and left internal iliac (blue) lymph nodes
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4.1.3 Internal lliac (Hypogastric) Nodal Group

The internal iliac nodal group, also known as the hypogastric nodal group, consists
of several nodal chains accompanying each of the visceral branches of the internal
iliac artery (see Figs. 4.11 and 4.12). Among the nodes of this group, the junctional
nodes are located at the junction between the internal and external iliac nodal
groups [2].

Fig.4.11 The light purple
nodes are external iliac,
blue are internal iliac,
green are common iliac,
and deep purple are
paraaortic nodes.
Schematic shows the
chains of internal iliac
lymph nodes that
accompany the visceral
branches of the internal
iliac vessels. The central
location of the sacral nodes
within the pelvis and the
position of the junctional
nodes between the internal
and external iliac arteries
are clearly visible
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Fig.4.12 (a, b) Axial CT (right) and axial T2-weighted MR images (left) shows a prominent left
internal iliac lymph node (blue) nestled anterior to the internal iliac vessels

4.1.4 Inguinal Nodes

This group consists of superficial inguinal and deep inguinal nodes (see Fig. 4.13).
The superficial inguinal nodes, which are located in the subcutaneous tissue anterior
to the inguinal ligament, accompany the superficial femoral vein and the saphenous
vein (see Figs. 4.14, 4.15, and 4.16). The sentinel nodes for the superficial subgroup
are those situated at the saphenofemoral junction, where the great saphenous vein
drains into the common femoral vein.

The deep inguinal nodes are those located along the common femoral vessels
(see Fig. 4.17). The anatomical landmarks that mark the boundary between the deep
inguinal nodes and the medial chain of the external iliac nodes are the inguinal liga-
ment and the origins of the inferior epigastric and circumflex iliac vessels [2].
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Deep iliac circumflex artery

Superficial illiac
circumflex artery

Inferior epigastric artery

Superficial
inguinal nodes

Deep inguinal nodes

Saphenofemoral node

Fig.4.13 Inguinal lymph nodes. Schematic shows the locations of the superficial and deep ingui-
nal nodes in relation to the common femoral artery, common femoral vein, and saphenous vein.
The sentinel nodes in the superficial inguinal group are those located at the saphenofemoral
junction

Fig.4.14 (a, b) Axial CT image shows an enlarged left inguinal lymph node (yellow)
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Fig.4.15 Axial CT image
shows the locations of the
superficial inguinal nodes
(yellow)

Fig. 4.16 (a, b) Axial T2-weighted MR image (left image) and Apparent Diffusion Coefficient
(ADC) map (right image) show presence of an enlarged left inguinal node (yellow) showing
restricted diffusion and dark on ADC map (arrow)



4 Pelvic Lymph Node Anatomy 103

Fig. 4.17 (a, b) Axial CT and PET-CT-fused images show FDG avid right inguinal lymph node
(yellow) in a patient with vulvar cancer

4.1.5 Perivisceral Nodes

These nodes are seen adjacent to the pelvic organs and are regional nodes for the
respective organ adjacent to which they lie:

e Perirectal, within the mesorectal fat (see Fig. 4.18), drain along the superior
hemorrhoidal vessels into the inferior mesenteric vessel nodal group

* Perivesical, around the urinary bladder

* Periprostatic, adjacent to the prostate gland
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Fig. 4.18 (a, b) Axial CT image in a patient with prostate cancer shows metastatic perirectal
lymph node (yellow)

4.2  Criteria for Diagnosing Abnormal Lymph Nodes
4.2.1 Size

Multiple studies have been performed to decide the cutoff size for distinguishing
normal from abnormal nodes; however, this will vary dependent on the site and type
of underlying tumor [3]. Typically, 15 mm short axis diameter is applied to the
inguinal lymph nodes, 10 mm for the iliac nodes, and 6—10 mm to most other pelvic
lymph nodes [3]. However, between 21% and 74% of lymph nodes that are not
enlarged by size criteria are in fact malignant. Functional imaging techniques
including PET-CT, diffusion-weighted MRI (DW-MRI), and even MRI with the use
of ultrasmall superparamagnetic iron oxides (USPIO) have an increasingly impor-
tant role in identifying smaller involved nodes by differences in their metabolic and
physiological profile [3].

PET-CT detects positron annihilation events and the subsequent emission of two
high-energy photons [4]. FDG, a glucose analog, is the most commonly used tracer,
as many malignancies demonstrate an increase in glucose metabolism. FDG will
enter the metabolically active cells, however cannot diffuse out and will therefore be
visualized. However PET-CT yields many false-negative (due to hypometabolic
tumors) and false-positive results (due to infection, inflammation, physiological
uptake), so its use in early-stage cancer is somewhat limited. PET-CT is generally
reserved for the initial assessment of some advanced cancers (cervical) and sus-
pected recurrent disease [3, 4].

USPIOs are targeted contrast agents for the reticuloendothelial system and have
T2 shortening effects [3]. Therefore, normal lymph nodes will show low T2 signal
post contrast, whereas nodes that have tumor infiltration will be hyperintense to sur-
rounding tissue. Although the sensitivity and specificity of this technique have been
shown to superior to conventional MRI, there are various practical limitations for its
routine use in lymph node evaluation in current clinical practice [3, 5].
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4.2.2 Shape and Margin

Ovoid lymph nodes with a fatty central hilum favor a benign etiology. Nodes with a
higher short-axis to long-axis ratio (i.e., rounded nodes) are more likely to be malig-
nant [3, 4]. It has also been shown that nodes with an irregular margin are more
likely to be metastatic [6].

4.2.3 Internal Architecture

Heterogeneous signal intensity of the node on T2-weighted magnetic resonance
(MR) images has been shown to indicate malignant infiltration. Similarly, the pres-
ence of central low density on computed tomography (CT), suggestive of necrosis,
is also seen in metastases.

Improved resolution at ultrasound can also be helpful in discerning tumor nodal
architecture, particularly in inguinal lymph nodes. Features that favor a malignant
etiology include eccentric thickening of the cortex, inhomogeneity of the internal
structure, and loss of the echogenic hilum [7].

The internal architecture can also be characteristic of the primary tumor type;
mucinous primary ovarian and bladder tumors can be associated with subtle calcifi-
cation within metastatic lymph nodes. Cervical and non-seminiomatous germ-cell
tumors may demonstrate cystic metastatic nodes due to necrosis [3, 4].

4.2.4 Nodal Staging

It is important to note whether the nodes involved are regional or nonregional for the
particular organ as lymphatic pathways and N staging vary for different tumor ori-
gins. A positive nonregional node upstages the disease to M-metastatic node, stage
IV, and changes the management completely. Table 4.1 illustrates the regional and
nonregional lymph nodes for common pelvic malignancies.
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4.3  Gynecologic Malignancies

Lymph nodes, either locoregional or distant, are common sites of metastatic disease
in gynecologic tumor, and the nodal status is the single most important prognostic
factor in most gynecologic malignancies. Surgical treatment is aimed at removing
the primary tumor and adequately staging of the regional lymph nodes. In vulvar,
vaginal, and early-stage cervical cancers, sentinel node mapping/biopsies have the
potential to provide useful information on nodal status and may allow avoidance of
radical lymphadenectomies [8].

4.3.1 Pattern of Lymphatic Drainage of the Female Pelvis

Superficial and deep inguinal nodes receive drainage from the vulva and lower
vagina. The upper vagina, cervix, and lower uterine body drain laterally to the broad
ligament, obturator, internal and external iliac nodes and posteriorly to the sacral
nodes. The upper uterine body primary drains to the iliac nodes. The ovaries and
fallopian tubes drain along the ovarian artery to the paraaortic nodes, with the lower
uterine drainage, or along the round ligament. Less frequently drainage from the
upper uterine body is to the iliac nodes and inguinal nodes (Table 4.2).

Cephalic to the pelvis, the nodal drainage is to the bilateral paraaortic nodes to
the cisterna chyli at the L2 level to the right of the abdominal aorta (see Fig. 4.19).
Lymphatic drainage proceeds through the aortic hiatus within the thoracic duct,
with the next nodal station in the supraclavicular region [1].

Table 4.2 Pelvic lymphatic drainage of genital structures

Nodes Pelvic structures drained

Inguinal Vulva, lower vagina (ovary, fallopian tube,
uterus rare)

Sacral Upper vagina, cervix

Internal iliac Upper vagina, cervix, lower uterine body
(vulva rare)

External iliac Upper vagina, cervix, upper uterine body,
inguinal nodes

Common iliac Internal iliac nodes, external iliac nodes

Paraaortic Ovary, fallopian tube, uterus, common iliac

nodes
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Fig.4.19 Patterns of
lymphatic drainage of the
female pelvis. Arrows from
vulva and vaginal region
show lateral spread to
superficial and deep
inguinal nodes on either
side and sometimes
directly to iliac nodes.
Arrows from cervix and
upper vagina show
pathway of spread to
parametrial, obturator, and
external iliac nodes and
along the uterosacral
ligament to sacral nodes.
Arrows from ovary and
fallopian tubes drain show
their pathway of spread to
paraaortic nodes

4.3.2 Lymphatic Spread of Malignancies

4.3.2.1 Vulva
Although an uncommon gynecologic malignancy, 10-25% of patients in early-
stage disease have node involvement [9]. In vulvar cancer, the 5-year survival rate
of a node-negative patient is approximately 90%, whereas patients with nodal dis-
ease have a 5-year survival rate of 50% [10]. The size and number of involved nodes
also correlate with prognosis. The 5-year survival rate decreased from 36% in
patients with three or four affected nodes to 0% in patients with seven or more
affected nodes [4].

Superficial inguinal nodes are the most common site of spread (see Fig. 4.20).

The perineum, clitoris, and anterior labia minora tend to drain bilaterally so
tumors here can metastasize initially to the deep or superficial inguinal nodes [1].
The lateral vulva, however, drains predominantly to the ipsilateral groin nodes (see
Fig. 4.21); therefore, it is rare for contralateral node involvement in early tumors.
Also in the absence of ipsilateral groin node involvement, contralateral groin or
deep pelvic involvement is unusual.

Nodal status markedly affects overall staging. In patients with vulvar cancer,
nodal spread occurs in regional inguinal and femoral lymph nodes, whereas



4 Pelvic Lymph Node Anatomy 109

metastases to deep pelvic nodes such as the internal or external iliac nodes are con-
sidered distant metastases. Unilateral regional nodal spread constitutes N1 disease
(overall stage III), whereas bilateral regional nodal spread represents N2 disease
(overall stage IV). Table 4.3 outlines the N-stage classification system for vul-
var cancer.

Routine cross-sectional imaging relies on size and morphology has minimal
impact on the nodal staging of vulvar cancer [11]. Ultrasound combined with fine-
needle aspiration (FNA) is an alternative imaging technique to assess inguinal
lymph nodes with sensitivity and specificity values up to 93% and 100%, respec-
tively [12].

If there are clearly positive lymph nodes on imaging, radiation therapy to these
nodes can be initiated and lymphadenectomy can be avoided. Conversely, in the
absence of suspicious lymph nodes on imaging, sentinel node biopsies can be per-
formed, which can obviate the need for an extensive nodal dissection, thereby
reducing morbidity [4, 13].

Although PET-CT currently has a limited role in the local staging of vulvar can-
cer, it can be used to assess the response of hypermetabolic groin lymph nodes to
radiation prior to groin dissection. Additionally, PET-CT can identify metastatic
nodal disease to allow more definitive chemoradiation in contrast to extensive groin
dissection [14].

Fig. 4.20 (a-d) Axial contrast-enhanced T1-weighted MR image (a) shows the vulva cancer
(pink). The upper level of axial contrast-enhanced MRI images (¢, d) shows metastatic superficial
inguinal node (yellow)
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Fig.4.21 Lymphatic drainage of the vulva

Table 4.3 N-stage classification for vulvar cancer

Stage Findings

NX Regional nodes cannot be assessed

NO No regional nodal metastasis

N1 Metastasis in unilateral regional lymph nodes

N2 Metastasis in bilateral regional lymph nodes
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4.3.2.2 Vagina

Like vulvar tumors, vaginal carcinomas are rare, accounting for fewer than 3% of
gynecologic malignancies [15]. It is more common for the vagina to be a site of
metastasis especially from direct extension from extragenital sites, such as the rec-
tum, bladder, or other genital sites such as cervix or endometrium [1].

Vaginal cancer commonly involves lymph nodes even in early-stage disease,
with reported rates 6-14% for stage I and 26-32% for stage II disease [16]. Nodal
metastases follow the lymphatic drainage pathways from the vagina. Usually,
tumors of the lower third of the vagina involve inguinal nodes (see Fig. 4.22);
tumors of the vaginal vault involve the hypogastric and obturator nodes; and tumors
of the posterior wall involve the gluteal nodes.

Nodal metastasis affects the management of vaginal cancer. The American Joint
Committee on Cancer staging system classifies metastasis to regional lymph nodes
as stage III. Stage I-II vaginal tumors are treated with external beam radiation ther-
apy (EBRT) targeted to the primary lesion, as well as to the expected lymphatic
drainage sites of the tumor (inguinal and/or lateral pelvic nodes) (see Fig. 4.23). For
stage III or IVA tumors, radiation therapy, including node-directed EBRT, is stan-
dard [15]. Table 4.4 outlines the N-stage classification system for vaginal cancer.

Although cross-sectional imaging has limited value, 18F-fluoro-deoxy-D-
glucose (FDG)-PET scanning can be used to stage lymph nodes in these patients.

Fig.4.22 (a, b) Axial contrast-enhanced T1-weighted MR image show the metastatic right ingui-
nal node (yellow) in the patient with vaginal cancer
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Fig.4.23 Lymphatic drainage of the vagina

Table 4.4 N-stage classification for vaginal, cervical, endometrial, ovarian cancer

Stage Findings
NX Regional nodes cannot be assessed
NO No regional nodal metastasis

N1 Metastasis in regional lymph nodes
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4.3.2.3 Uterus
The uterus is located in the lower pelvis, anterior to the rectum and posterior to the
urinary bladder. It is divisible by the internal os into two regions, the cervix and body.

4.4 Invasive Cervical Cancer

Lymph node involvement is a poor prognostic indicator in cervical cancer patients
and the risk of pelvic lymph node involvement increases with increasing tumor size
[4]. The 5-year survival rate drops to 71% from 85% in those patients with pelvic
nodal metastases versus no nodal metastases. Those with paraaortic nodes have a
20-45% 5-year survival [17].

Lymphatic spread within the subperitoneal space occurs from the cervical lym-
phatic plexus to the lower uterine segment to three groups of draining lymphatics.
The upper lymphatics follow the uterine artery, cross the uterus, and drain to the
upper internal iliac (hypogastric) nodes. The middle lymphatics drain to the obtura-
tor nodes (see Figs. 4.24, 4.25, and 4.26). The lower lymphatics drain to the superior
and inferior gluteal nodes. All groups drain cephalad to the common iliac nodes and
paraaortic nodes [18]. Supraclavicular node involvement is frequent and represents
nodal spread from the paraaortic nodes to the cisterna chyli via the thoracic duct.

The accurate identification of lymph node involvement is crucial as this will
determine whether to administer concurrent pelvic radiation therapy and adjuvant
chemotherapy. However, accurate clinical assessment of lymph nodes remains chal-
lenging and lymphadenectomy is currently the standard of practice. The use of
USPIO-enhanced MRI has demonstrated better accuracy in detecting nodal metas-
tases, compared to conventional imaging; however, practical limitations prevent its
routine use in current clinical practice [3, 4].

As there is usually an orderly pattern of nodal progression cephalad, the use of
sentinel lymph node biopsies may play an important role for early-stage cervical
cancer [19]. This technique has been shown to accurately depict lymph node status
with detection rates of up to 94% with blue dye and 96% with radiotracer [4, 20]
thereby reducing the need for unnecessary lymphadenectomies [4, 19].

The use of PET-CT is well established both in the initial staging of advanced
cervical cancer and in the management of recurrent disease [19, 21]. However, the
value of PET-CT in early-stage disease is questionable.
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Fig.4.24 (a, b) Axial T2-weighted (left image) and ADC images (right image) showing bilateral
metastatic obturator lymph nodes (purple) showing restricted diffusion in a patient with cervi-
cal cancer
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Fig. 4.25 (a—d) Axial T2-weighted MR image shows the cervical cancer (pink). Axial contrast-
enhanced CT image in the same patient (¢, d) shows the enlarged metastatic left external iliac
lymph node (red)

Fig.4.26 (a, b) Reformatted coronal CT image shows metastatic left external iliac node (purple)
in a patient with cervical cancer
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4,5 Cancer of the Uterine Body

Cancer of the uterine body is the most common gynecologic malignancy. Ninety
percent of endometrial cancers arise from the epithelial lining. Retroperitoneal
nodal involvement is a prognostic indicator. In endometrial carcinoma, the 5-year
survival rate of a patient with more than one positive node is 55% [22].

Subperitoneal spread via the lymphatics follows several routes. The fundus and
superior portion of the uterus drain with the ovarian vessels and lymphatics to the
upper abdominal paraaortic nodes. Isolated metastases can occur in paraaortic
lymph nodes, particularly the left paraaortic lymph nodes at the level of the renal
hilum which have also been shown to be a separate predictor of poor outcome [4].
The middle and lower regions drain through the broad ligament along uterine ves-
sels to the internal and external iliac nodes (see Figs. 4.27, 4.28, 4.29, and 4.30).
Occasionally, disease spreads to the superficial inguinal nodes by lymphatics along
the round ligament; these are considered to be nonregional (M1) [4] (see Fig. 4.31).
Laterality of nodal involvement does not affect the disease classification.

MRI, although excellent at evaluating the depth of myometrial invasion, is less
accurate in diagnosing lymph node involvement (sensitivities 50%, specificities
90%) [4]. PET-CT is reserved for the re-staging of patients with suspected recurrent
disease and for the detection of distant metastases in advanced stage tumors [4].
Emerging techniques including hybrid PET-MR and sentinel lymph node sampling
show promise for the future management of endometrial cancer.

Fig.4.27 Lymphatic
drainage of the cervix
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Fig. 4.28 (a, b) Oblique coronal MR image showing metastatic left external iliac lymph node
(purple) in a patient with endometrial cancer

Fig. 4.29 (a, b) Axial CT image shows bilateral external iliac metastatic nodes (purple) in a
patient with endometrial cancer
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Fig. 4.30 (a, b) Axial T2-weighted image (left) and ADC map (right) showing metastatic left
external iliac lymph node (red)
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Fig.4.31 Patterns of
lymphatic dissemination of
endometrial cancer

4.6 Fallopian Tube

The lymphatics of the fallopian tubes accompany the ovarian lymphatics to the
paraaortic nodes in the upper abdomen. There is drainage along the uterine vessels
in the broad ligament to the iliac nodes.

Patterns of lymphatic spread are similar to ovarian cancer. There is a high pro-
pensity for lymphatic spread to the paraaortic nodes and pelvic nodes.

4.7 Ovary

In ovarian cancer, confirmed nodal metastases upstages a patient to a higher stage
(stage IIIC) regardless of tumor extent. Patients with lower stage ovarian cancers
have 5-year survival rates of 57-89%, whereas the survival rate of patients with
stage III ovarian cancer is only 34% [23].

Lymphatic spread of ovarian tumors is along three routes. The most frequent
route is the lymphatics along the ovarian vessels to the paraaortic lymph nodes (see
Figs. 4.32 and 4.33). The second in frequency is along the ovarian branches from
the uterine vessels to the broad ligament and parametria and then to the external
iliac nodes, obturator nodes, and common iliac nodes. The least frequent lymphatic
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spread is along the lymphatics of the round ligament to the superficial and deep
inguinal nodes; involvement of which upstages to IVB (FIGO) [4] (see Fig. 4.34).

Multidetector computed tomography (MDCT) is unable to detect cancer in
normal-sized nodes and cannot discriminate reactive nodes from metastases. CT
criteria for nodal disease are based on size (i.e., | cm or more in short axis being
abnormal). Unfortunately, this has a sensitivity of 40-50% and a specificity of
85-95% [24]. Nodal necrosis and clusters of small lymph nodes along expected
drainage routes may indicate metastases [25].

The combined interpretation of DWI with conventional MRI sequences has an
increasing role in mapping the extent of disease and quantifying its early treatment
response [26]. Disease involvement of certain sites can preclude patients from sur-
gical intervention. For example, involvement of the small bowel mesenteric root,
involved lymph nodes superior to the celiac axis, pleural infiltration, pelvic sidewall
invasion, and bladder trigone involvement are considered indicative of potential
nonresectability [27].

Although there is no role for PET-CT in preoperative staging for ovarian cancer,
the use of PET-CT for the evaluation of suspected recurrent ovarian disease is well
established, particularly in the setting of rising tumor markers [13]. In posttreatment
monitoring, it is crucial to be aware of the surgical/medical interventions as this can
alter the path of nodal spread. More uncommon pathways such as the gonadal, mes-
enteric, and inferior phrenic pathways should be properly scrutinized [4].

Fig.4.32 (a, b) Axial CT image in a patient with ovarian cancer shows metastatic aortocaval (red)
and left periaortic lymph node (purple)
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Fig. 4.33 (a—c) Axial CT and fused PET-CT images in a patient with ovarian cancer showing
FDG avid metastatic left periaortic lymph node (purple)

Fig. 4.34 Lymphatic
drainage of the ovary
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4.8 Male Urogenital Pelvic Malignancies

Male urogenital pelvic cancers commonly spread to iliopelvic or retroperitoneal
lymph nodes by following pathways of normal lymphatic drainage from the pelvic
organs. The most likely pathway of nodal spread (superficial inguinal, pelvic, or
paraaortic) depends on the location of the primary tumor and whether surgery or
other therapy has disrupted normal lymphatic drainage from the tumor site.
Knowledge of both factors is essential for accurate disease staging.

4.8.1 Superficial Inguinal Pathway

The superficial inguinal pathway is the primary route of metastasis from perineal
tumors, including penile cancer (see Fig. 4.35). The saphenofemoral junction node
is the sentinel node along this pathway (see Fig. 4.36); from that node, metastatic
tumor cells may ascend to the deep inguinal and external iliac nodes [28].

Fig.4.35 (a, b) Axial contrast-enhanced T1-weighted MR image showing metastatic right ingui-
nal lymph node (yellow) in a patient with penile cancer
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Fig.4.36 Superficial
inguinal lymphatic
drainage pathway.
Schematic shows the
location of the
saphenofemoral junction
nodes, sentinel nodes for
the superficial inguinal
pathway, along which
metastatic tumor cells from
the penis can ascend
toward the deep inguinal
and external iliac nodes

Inguinal
ligament

Saphenofemoral node

4.8.2 Pelvic Pathways

Pelvic tumors may metastasize along four pelvic lymphatic drainage pathways (see
Fig. 4.37): (1) the anterior pelvic route, which drains lymph from the anterior wall
of the bladder along the obliterated umbilical artery to the internal iliac (hypogas-
tric) nodes; (2) the lateral route, which drains lymph from the pelvic organs to the
medial chain of the external iliac nodal group (a characteristic route of spread from
carcinomas at the lateral aspect of the bladder and from prostate adenocarcinomas);
(3) the internal iliac (hypogastric) route, which drains lymph from most of the pel-
vic organs along the visceral branches of the internal iliac lymphatic ducts to the
junctional nodes located at the junction between the internal and external iliac ves-
sels; and (4) the presacral route, which includes the lymphatic plexus anterior to the
sacrum and coccyx and extending upward to the common iliac nodes (see Fig. 4.38).
Late-stage tumors of lower pelvic organs such as the prostate may spread to the
presacral space either via the perirectal lymphatics or by direct extension [28].
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Fig.4.37 Schematics show pelvic pathways of nodal metastasis: (a) by the anterior route (arrows),
lymph drains from the anterior wall of the bladder along the obliterated umbilical artery to the
internal iliac or hypogastric nodes; (b) by the lateral route (small arrow), lymph drains from the
pelvic organs to the external iliac (purple) nodes; by the internal iliac or hypogastric route (big
arrow), it drains along the visceral branches of the internal iliac vessels to the junctional nodes; and
by the presacral route, it drains through the lymphatic plexus anterior to the sacrum and coccyx

Fig. 4.38 (a, b) Coronal reformatted CT image shows ascending metastatic lymph nodes.
Adenopathy is seen in common iliac (green arrow) and left periaortic (purple arrow) lymph nodes
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4.8.3 Paraaortic Pathway

Metastases from testicular carcinoma spread commonly through the paraaortic
pathway (see Fig. 4.39), a route that bypasses the pelvic lymph nodes. The lym-
phatic vessels of the testis follow the gonadal blood vessels. At the inguinal ring the
lymphatic vessels continue upward along the gonadal blood vessels, anterior to the
psoas muscle, ending in the paraaortic and paracaval nodes at the renal hilum (see
Fig. 4.40). From these nodes, metastatic disease may spread downward in a retro-
grade fashion toward the aortic bifurcation [28].

Fig.4.39 Schematic
shows the paraaortic
pathway of metastasis
(arrows), by which
malignant cells from
testicular tumors can
proceed upward through
lymphatic ducts that follow
the gonadal vessels to
nodes at the renal hilum,
completely bypassing the
pelvic nodes

Fig. 4.40 (a, b) Axial CT image shows retroperitoneal nodal group. These are, as depicted, the
retrocaval (red) chain, aortocaval (yellow), pre-aortic (green), and left periaortic chain (purple)
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4.8.4 Modified Posttherapeutic Pathways

Knowledge about any previous treatment of the primary tumor is important because
surgery, chemotherapy, and radiation therapy may modify the pattern of nodal dis-
ease. Nodal dissemination follows a different pathway when normal lymphatic
drainage has been disrupted by nodal dissection or therapeutic irradiation, as often
occurs in the treatment of germ-cell tumors of the testis. Pelvic nodes are not usu-
ally involved in testicular cancer unless scrotal surgery or retroperitoneal nodal dis-
section has taken place. After radical cystectomy for bladder cancer, metastatic
disease is seen more frequently in the common iliac and paraaortic nodes than in the
expected nodal chains. Similarly, after therapeutic irradiation of the prostate or radi-
cal prostatectomy, recurrent disease usually is seen in extrapelvic nodes [28].

4.8.5 Pathways of Nodal Spread in Urogenital
Pelvic Malignancies

Urogenital tumors usually spread first to regional lymph nodes (Table 4.5). The
specific nodal groups most likely to be affected by metastatic disease vary accord-
ing to the location of the primary tumor (prostate, penis, testis, or bladder). In the
TNM classification system, regional nodal metastases are categorized as N lesions,
and metastases to lymph nodes outside the regional groups are categorized as M
lesions.

Table 4.5 N-stage classification for penile cancer

Stage Findings

NX Regional nodes cannot be assessed

NO No regional nodal metastasis

N1 Metastasis in single superficial inguinal lymph node

N2 Metastasis in multiple and/or bilateral superficial inguinal
lymph nodes

N3 Metastasis in deep inguinal or pelvic lymph nodes
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4.8.6 Prostate Cancer

Prostate cancer is the most common cancer and second leading cause of cancer
death in men. At radical prostatectomy, nodal involvement is found in 5-10% of
patients with prostate carcinoma. The 5-year relative survival rate for patients with
a single nodal metastasis is 75-80%, whereas that for patients with multiple nodal
metastases is only 20-30% [28].

Prostate cancers spread via the pelvic lymphatic drainage pathways (see
Fig. 4.41). The main route of drainage from the prostate gland is the lateral route,
for which the sentinel nodes are the obturator nodes (see Figs. 4.42 and 4.43)
(medial chain of the external iliac nodal group). From there, the tumor may spread
to the middle and lateral chains of the external iliac nodes (see Fig. 4.44). The sec-
ond most common route of drainage is the internal iliac (hypogastric) route, via the
lymph nodes positioned along the visceral branches of the internal iliac (hypogas-
tric) vessels (see Fig. 4.45). For this route, the sentinel nodes are the junctional
nodes located at the junction of the internal and external iliac vessels.

Some lymphatic drainage occurs along an anterior route, via lymph nodes located
anterior to the urinary bladder. From these nodes, metastases can spread to the inter-
nal iliac nodes. There is also a presacral route anterior to the sacrum and the coccyx
(see Fig. 4.46); via this route, prostate cancer may metastasize to the perirectal
lymphatic plexus, subsequently ascending to the lateral sacral nodes and those at the
sacral promontory (medial chain of the common iliac nodes) [2, 29]. In patients
with a primary tumor that affects only one lobe of the prostate, nodal metastases
tend to be ipsilateral [30].

In the characterization of nodal metastases from prostate cancer, the regional
lymph nodes are the pelvic nodes located below the bifurcation of the common iliac
arteries (see Fig. 4.47): the internal iliac nodes (including the sacral nodes) and the
external iliac nodes (including the obturator nodes) (Table 4.6). The laterality of
nodal metastases (i.e., whether they are bi- or unilateral, left- or right-sided) does
not affect their categorization as N lesions (Table 4.7). However, metastases to com-
mon iliac nodes are categorized as M1 lesions (see Fig. 4.48) [3].

Efficacy data for MR imaging and CT in the evaluation of lymph node metasta-
ses are similar. However, neither modality allows reliable detection of small nodal
metastases, with reported accuracy ranging from 67% to 93% and sensitivity rang-
ing from 27% to 75% [31].

The use of FDG-PET-CT in the initial staging of prostate cancer is limited as
most prostate cancers do not use the glycolic pathway in their metabolism. The
close proximity of the prostate to bladder and the high urinary excretion of 8F also
pose an added challenge. Alternative radiotracers have been extensively evaluated
to have an established role for the assessment of biochemical recurrence [3, 32].

Phospholipid precursors such as 'C-choline have been widely used in detecting
localized prostate cancer as well as metastases and recent meta-analyses have dem-
onstrated a pooled sensitivity and specificity of 89% [32]. 18-Fluciclovine, a syn-
thetic amino acid which is preferentially taken up by prostate cancer cells transporter,
has been shown to have a pooled sensitivity and specificity of 87% and 66% [32,
33]. PSMA is highly overexpressed in prostate cancer cells as a transmembrane
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protein. The radiotracer Ga-68 PSMA, a PMSA inhibitor, has a reported sensitivity
and specificity of 86% for the prediction of extra-prostatic metastatic disease per-
formed in cases of biochemical recurrence, on a per-patient basis [3, 32]. Current
NCCN guidelines recommend the use of 11C-Choline or F-18-fluciclovine PET-CT
in the context of rising biochemical markers [34].

High-resolution MR imaging with ultrasmall superparamagnetic iron oxide
(USPIO) nanoparticles shows considerable promise for improving the detection of
lymph node metastases that are occult at CT or standard MR imaging [35].

Bladder

Prostate

Fig. 4.41 Schematic shows common pathways of metastasis from prostate cancer. The obturator
nodes in the external iliac (purple) nodal group are the lateral route (yellow arrows), and the junc-
tional nodes in the internal iliac (blue) nodal group are the hypogastric route (green arrows). Nodal
metastases to the common iliac chain are considered distant metastases
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Fig.4.42 (a, b) Axial CT
image show bilateral
metastatic obturator lymph
nodes (purple) in a patient
with prostate cancer
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Fig.4.43 (a, b) Oblique
sagittal T2-weighted MR
image shows metastatic
obturator lymph node
(purple) in a patient with
prostate cancer
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Fig.4.44 (a, b) Axial CT
image shows metastatic
right external iliac lymph
node (purple) in a patient
with prostate cancer
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Fig. 4.45 (a, b) Axial
T2-weighted MR image
showing metastatic left
internal iliac node (blue) in
a patient with prostate
cancer
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Fig.4.46 (a,b) Axial CT
image showing metastatic
presacral lymph node
(green) in a patient with
prostate cancer
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Fig.4.47 (a, b) Axial CT
image showing metastatic
right common iliac lymph
node (green) in a patient
with prostate cancer

Table 4.6 N-stage classification for testicular cancer

Stage
NX
NO
N1

N2

N3

Findings

Regional nodes cannot be assessed

No regional nodal metastasis

Metastasis in node or nodal mass <2 cm in greatest
dimension; <5 nodes involved

Metastasis in node or nodal mass >2 cm but <5 cm or >5
nodes involved, each <5 cm

Metastasis in lymph node or nodal mass >5 cm in greatest
dimension
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Table 4.7 N-stage classification for bladder cancer

Stage Findings

NX Regional nodes cannot be assessed

NO No regional nodal metastasis

NI Single node metastasis <2 cm in greatest dimension

N2 Single node metastasis 2—5 cm or multiple node metastasis
<5 cm in greatest dimension

N3 Metastasis in a single nodal >5 cm in greatest dimension

Fig. 4.48 (a, b) Axial CT images in a patient with prostate cancer showing progressive nodal
enlargement with time. The earlier time point (left image) shows a small right common iliac lymph
node (green) progressively enlarging over 6 months (right image)

4.8.7 Penile Cancer

Penile carcinoma accounts for <10% of all male malignancies [36]. At the time of
presentation, up to 96% of patients with penile cancer will have palpable inguinal
lymph nodes (see Fig. 4.49) and 45% will have nodal metastases. Among those with
only one or two involved nodes, the 5-year survival rate is 82—88%, whereas it drops
to 7-50% among those with more than two [37].

Lymph from the penis has multiple drainage routes. The external pudendal path-
way drains the skin of the penis and perineum to the nodes at the saphenofemoral
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venous junction; the deep inguinal pathway drains the glans penis to the deep ingui-
nal and external iliac nodes (see Fig. 4.49); and the internal iliac pathway drains the
erectile tissue to the internal iliac nodes [1]. Lymphatic drainage of the penile ure-
thra is to the internal iliac group of lymph nodes via inguinal lymphatics (see
Fig. 4.50).

Penile cancers commonly metastasize to lymph nodes along the superficial
inguinal pathway (see Fig. 4.51). The saphenofemoral junction node is the sentinel
node for this group of cancers. From there, metastatic tumor cells may ascend
toward the deep inguinal nodes. Metastases to the external iliac nodes also may
occur via a secondary pathway; however, direct (so-called skip) metastases to this
nodal group are rare. Nodal dissemination of penile cancer is frequently bilateral
because of the complex lymphatic network and lateral crossover of lymphatic ducts
at the base of the penis. Periprostatic and peri-seminal vesicle lymph nodes are
rarely involved [19].

In patients with penile cancer, metastases to superficial inguinal, deep inguinal,
internal iliac, or external iliac (including obturator) nodes are categorized as N
lesions (regional nodal metastases) (see Table 4.5), whereas metastases to common
iliac nodes are categorized as M1 lesions (nonregional nodal metastases) (see
Table 4.1).

Although the capacity of CT and MR imaging to depict small lymph node metas-
tases is limited, these modalities have an advantage over clinical examination in that
they allow the assessment of nonpalpable deep pelvic and retroperitoneal nodes [38].

The use of PET CT has been shown to add value when managing patients with
clinically palpable, enlarged inguinal lymph nodes (sensitivity and specificity of up
to 96% and 100%, respectively) [3, 32]. Therefore, PET-CT can be helpful in iden-
tifying patients with large volume inguinal adenopathy who may benefit from neo-
adjuvant chemotherapy [3].
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Fig.4.49 (a, b) Coronal
reformatted CT image
shows metastatic right
external iliac lymph nodes
(purple) in a patient with
penile cancer
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Fig. 4.50 (a, b) Axial T2-weighted image (left image) and ADC map (right image) in a patient
with transitional cell cancer of urethra showing metastatic left inguinal node (yellow) with
restricted diffusion (arrow)



4 Pelvic Lymph Node Anatomy 139

Fig.4.51 Schematic
shows the most common
pathway of metastasis from
penile cancer: the
superficial inguinal
lymphatic drainage
pathway (green arrow).
The saphenofemoral
(orange) nodes are sentinel
nodes along this pathway.
Involvement of the
common iliac (green)
nodes is indicative of M1
disease

4.8.8 Testicular Cancer

Testicular cancer accounts for about 1% of all neoplasms in men [39, 40]. Testicular
cancer spreads more frequently through the lymphatic system than by local exten-
sion because the tunica albuginea forms a natural barrier to infiltration [1]. The
prognosis is generally good for patients with testicular cancer, even for those with
distant metastases, for whom the 5-year survival rate is more than 80% [29].
Testicular cancer spreads via the paraaortic pathway (see Fig. 4.52). Testicular
lymphatic drainage follows the testicular veins. For metastases from the right testis,
the sentinel nodes are those in the aortocaval chain at the level of the second lumbar
vertebral body (see Fig. 4.53). For metastases from the left testis, the sentinel nodes
are usually those in the left paraaortic nodal group just below the left renal vein (see
Figs. 4.54 and 4.55). Some right-to-left crossover of lymphatic involvement may
occur, following the normal drainage pathway to the cisterna chyli and thoracic duct
(13% of cases); however, metastases in contralateral nodes alone (without involve-
ment of the ipsilateral nodes) are rare (<2% of cases). From the thoracic duct, a
tumor can spread to the left supraclavicular nodes and subsequently to the lungs.
Left-to-right crossover also can occur (20% of cases), but, as with right-to-left
crossover, the presence of contralateral nodal metastases without involvement of the
ipsilateral nodes is infrequent [29, 40, 41]. As the volume of the tumor increases, it
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Fig.4.52 Drawing shows
common routes of nodal
metastasis from testicular
cancer along the paraaortic
pathway. In metastases
from the right testis
(yellow arrow), the sentinel
nodes are in the aortocaval
chain at the level of the
second lumbar vertebral
body. In metastases from
the left testis (green
arrow), the sentinel nodes
are usually the left
paraaortic nodes located
just inferior to the left
renal vein
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Fig.4.53 (a, b) Axial CT
image shows metastatic
right paraaortic lymph
node (red) in a patient with
testicular cancer
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Fig.4.54 (a, b) Axial CT
image shows metastatic
left paraaortic lymph node
(purple) in a patient with
testicular cancer
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Fig. 4.55 Schematic
shows common routes of
metastasis from bladder
cancer along lymphatic
drainage pathways in the
pelvis. Cancers in the
bladder fundus metastasize
mainly via an anterior
route (yellow arrows),
whereas those in upper or
lower lateral parts of the
bladder can metastasize via
a lateral route (green
arrow) directly to the
external iliac (purple)
nodes. Cancer in the
bladder neck metastasizes
via the presacral route
(pink arrow)

may spread from the sentinel nodes to involve the common iliac, internal iliac, and
external iliac nodes. Tumors within the epididymis can spread directly to the exter-
nal iliac nodes. After orchiectomy, the pelvic and inguinal nodes should be assessed
as regional nodes because the normal lymphatic drainage pathways are disrupted by
surgery.

The importance of nodal metastasis is integral to the management of testicular
cancer. N stage (Table 4.6) subdivides overall stage II disease into IIA, IIB, and IIC
on the basis of the presence of N1, N2, and N3 disease, respectively. The maximum
node size is an important descriptor, rather than the minimum short-axis dimension
[3]. In patients with seminomas, stage IIA and IIB disease, including that in ipsilat-
eral iliac nodes, can be treated with infradiaphragmatic EBRT. For stage IIC (nodes
>5 cm) and III seminomas, systemic chemotherapy is advocated, with further man-
agement dependent on treatment response. For stage IIA or IIB nonseminomatous
germ-cell tumors, treatment options include chemotherapy followed by retroperito-
neal lymph node dissection. Stage IIC (nodes >5 cm) and III (including nonregional
nodal metastasis) nonseminomatous germ-cell tumors are primarily treated with
chemotherapy, with entry into clinical trials considered for stage IIIC disease [15].

Reported sensitivity and specificity of CT for the detection of nodal metastases
vary widely (65-96% and 85-100%, respectively) and may depend on the nodal
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size criterion used [42]. MR imaging of the abdomen and pelvis may not provide
any additional information beyond that obtained with CT [43].

Although PET-CT has a limited role in the primary staging of testicular cancer,
it has a validated role for the management of metastatic testicular seminoma, par-
ticularly when there is a residual mass greater than 3 cm following initial chemo-
therapy [3, 44]. PET-CT can determine the presence or absence of residual tumor to
guide the need for adjuvant chemotherapy. Due to the variable uptake of FDG by
nonseminomatous germ-cell tumors, PET CT cannot reliably distinguish between
necrosis/fibrosis and tumor so is not recommended for the surveillance of these
tumors [3].

4.8.9 Bladder Cancer

Bladder cancer is the sixth most prevalent malignancy in the United States [45]. A
major adverse prognostic feature is the presence of any nodal metastases. The 3-year
survival rate among patients with involvement of a solitary node is about 50%, but
the rate decreases to about 25% when multiple nodes are involved. By contrast, the
3-year survival rate among patients with no detectable nodal involvement is about
70% [46-48].

Bladder cancer commonly spreads via a pelvic pathway (see Fig. 4.56). The
specific route of nodal metastasis may vary according to the site of the primary
cancer. If the tumor is located in the fundus (i.e., the base or posterior wall) of the
bladder, the preferential sites of metastasis are the obturator and internal iliac nodes,
which are reached via an anterior route; tumors in the upper and lower lateral parts
of the bladder may directly metastasize to the external iliac nodes via a lateral route
(see Figs. 4.57, 4.58, and 4.59); and bladder neck cancers may metastasize via a
presacral route to the presacral nodes and, from there, to the common iliac nodes
[2, 29].

Nodal metastasis from bladder cancer most commonly occurs in the obturator
and internal iliac nodes. If these nodes are free of tumor, nodal metastasis to more
cranial node groups is extremely unlikely [34]. Four additional points should be
kept in mind when categorizing nodal metastases from bladder cancer: first, the
laterality of enlarged regional nodes does not affect their classification as N lesions
(Table 4.1). Second, the involvement of common iliac lymph nodes is considered
indicative of M1 disease (Table 4.1) (see Fig. 4.60). Third, the maximum diameter
(not the maximum short-axis diameter) of the largest regional node determines the
N classification (Table 4.7). Last, the presence of any nodal metastases is regarded
as an indicator of stage IV disease (Table 4.7).

In patients with bladder carcinoma, multidetector CT is the imaging technique of
choice for disease staging, although MR imaging is also useful for assessing local
invasion and detecting metastases to obturator and presacral nodes. By contrast,
FDG-PET is of limited value because the radiotracer is excreted into the urinary
bladder [1]. However PET-CT may have a role for the detection of nodal metastases
in muscle invasive bladder cancer, as well as assessing the response to neoadjuvant
therapy [19].
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Fig.4.56 (a,b) Axial CT
image shows metastatic
left paraaortic lymph node
(purple) in a patient with
testicular cancer
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Fig.4.57 (a, b) Axial CT
image in a patient with
bladder cancer shows
metastatic right external
iliac lymph node (purple)
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Fig. 4.58 (a, b) Axial CT
image in a patient with
bladder cancer shows
metastatic left external
iliac lymph node (purple)
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Fig.4.59 (a, b) Axial
T2-weighted gradient echo
image shows bilateral
external iliac lymph nodes
(purple) in a patient with
primary bladder cancer
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Fig. 4.60 (a, b) Coronal
T2-weighted MRI showing
ascending metastatic
adenopathy in a patient
with bladder cancer within
a diverticulum. Metastatic
nodes are seen in left
external iliac (purple) and
left common iliac lymph
nodes (green)
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Lymph Node Pathology 5

Rory K. Crotty

Lymph nodes are small secondary lymphoid organs which play a key role in two
important biological systems: the lymphatic system and the immune system. The
normal lymph node is a small soft bean-shaped organ covered by a fibrous capsule.
Approximately 500-600 lymph nodes can be found throughout the human body [1],
with the exception of the central nervous system, and are concentrated at strategic
sites which maximize the potential of identifying foreign antigens, such as at the
proximal ends of extremities [2].

Lymph nodes have a highly specialized internal architecture, reflecting their dual
functions. They are designed to allow for the passage of lymphatic fluid through the
node while maximizing its exposure to a mixture of specialized immune cells [3].
Lymph nodes form as specialized nodules of fibrovascular tissue, which grow into
and fill lymph sacs — areas of dilatation within lymphatic vessels [4, 5]. The archi-
tecture of the lymph node is maintained by a reticular meshwork of fibroblastic
reticular cells (FRCs), immunologically specialized myofibroblasts of mesenchy-
mal origin [6]. In addition to maintaining the structure of the node, FRCs play a key
role in regulating the hematolymphoid population of the node, providing scaffolds
along which lymphocytes and dendritic cells migrate, as well as forming conduits
which allow for the transport of soluble antigens and signaling molecules deep into
the lymph node [3, 7].

After lymph enters the lymph node via any of the afferent lymphatic vessels, it
drains into the subcapsular sinus of the node, and from there filters through the
sinuses of the node to leave in the efferent lymph vessel [2]. As the subcapsular
sinus is the point of entry for lymph-borne materials, nodal metastases are fre-
quently identified in the peripheral regions of the lymph node.
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Lymphocytes are the main hematopoietic cell present in lymph nodes, consisting
of B cells and the various subclasses of T cells, which interact constantly with each
other, with other hematopoietic cells in the lymph node, and with the stromal cells
[8]. However, in spite of their relative dominance, lymphocytes are nomads in the
lymph node, entering from the peripheral blood, homing to specially designated
compartments following chemokine gradients, and then leaving in the absence of an
appropriate stimulus to re-enter circulation [9]. This constant turnover of lympho-
cytes maximizes the supply of naive lymphocytes to the node. In conditions of
immunological stress, such as infection, the influx of lymphocytes is increased by
dilation of the lymph node arteriole [10].

The compartmentalization of the lymph node by cell population results in three
distinct regions, each with their own characteristic cellular population and function:
the superficial cortex, the deep cortex (or “paracortex”), and the medulla [11, 12].
Anatomically, these regions can be grouped together into functional lobules, which
vary in size and number per lymph node (Fig. 5.1) [2].

Fig.5.1 A normal lymph
node. SC superficial
cortex, with follicular
architecture, DC deep
cortex (paracortex), M
Medulla, Arrow Hilum of
lymph node, with efferent
lymphatic vessel and
vascular supply. *:
Thin-walled afferent
lymphatic vessel
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5.1 Superficial Cortex

The superficial cortex is the outermost part of the lymphoid lobule, and the first
region through which lymph travels after entering the subcapsular sinus. In clinical
practice, the superficial cortex is often referred to simply as the “cortex” of the
lymph node, with the corresponding deep cortex referred to as the “paracortex.” The
lymphoid population of the superficial cortex consists predominantly of B cells,
arranged in small primary follicles. The cortical tissue between the follicles is the
interfollicular cortex, which contains T cells. After entering the lymph node, B cells
home to primary follicles, following a chemokine gradient emitted by follicular
dendritic cells (FDCs) [13]. FDCs are specialized antigen-presenting cells which
capture and present antigen to B cells, and also serve to maintain the structure of the
follicle [14].

When stimulated by antigens presented by FDCs, the B cells within primary fol-
licles begin to proliferate rapidly. As the B cells proliferate, they create specialized
structures termed germinal centers within primary follicles, leading to the formation
of a secondary follicle [15, 16]. Germinal centers serve as transient, specialized
compartments within which the T-cell-dependent immune response occurs [17].
Inside the germinal centers, antigen-stimulated B cells proliferate and undergo
somatic hypermutation of their immunoglobulin genes, accompanied by switching
of the produced immunoglobulin from IgM or IgD to either IgG, IgA, or IgE [18—
21]. Following creation of a germinal center, non-proliferating B cells which were
present in the primary follicle are pushed aside and form a ring of concentric layers
of lymphocytes around the germinal center, referred to as the mantle zone.

Two main subtypes of proliferating B cell are present in the germinal center —
centrocytes and centroblasts [22]. Centroblasts are rapidly proliferating B cells,
with large, dark, round nuclei, whereas centrocytes have smaller, cleaved-appearing
nuclei. A maturing germinal center displays polarization, with centroblasts and cen-
trocytes clustered at opposite ends of the germinal center to form dark zones and
light zones, respectively. Successful B-cell maturation leads to the expression of
high-avidity antibodies on the B cell’s surface [20]. These cells may subsequently
serve as memory cells, or translocate to the medullary cords of the bone marrow to
develop into plasma cells. Cells which fail to mature successfully undergo apoptosis
and are ingested by so-called tingible-body macrophages, large macrophages con-
taining apoptotic nuclear debris. A subclass of T cells, termed follicular helper T
cells, play a critical role in supporting the germinal center reaction and plasmacytic
differentiation of B cells (Fig. 5.2) [23].
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Fig. 5.2 Structures of the superficial cortex. (a) An inconspicuous primary follicle (PF) adjacent
to a secondary follicle (SF) with a germinal center (GC). (b) A reactive germinal center, distin-
guishable by light microscopy into light (L) and dark (D) zones. Frequent mitoses (*) and tingible-
body macrophages (arrows) testify to rapid proliferation within the germinal center, more
prominent in the dark zone [22]

5.2 Deep Cortex (Paracortex)

More commonly referred to as the “paracortex” in clinical practice, the deep cortex
of the lymph node is predominantly populated by T cells. Similar to the interaction
between FDCs and B cells in the superficial cortex, antigens are presented to T cells
in the paracortex by interdigitating-type dendritic cells (IDCs). The deep cortical
structures of adjacent lobules may fuse and become functionally shared [2].

The deep cortex serves as an important branching point in the vascular supply of
the lymph node. After entering the lymph node through the medullary arterioles,
blood is carried throughout the deep and superficial cortex by progressively arboriz-
ing arterioles to capillary beds, before entering specialized vascular channels called
high endothelial venules (HEVs). HEVs are a key component of the deep cortex,
consisting of small blood vessels lined by plump specialized endothelial cells.
HEVs are the main site at which lymphocytes enter the lymph node from the sys-
temic circulation and control the type of cell, which may enter through the expres-
sion of adhesion molecules and chemokines in coordination with adjacent dendritic
cells (Fig. 5.3) [24-26].
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Fig. 5.3 The deep cortex (paracortex). (a) A low-power view of an expanded (reactive) deep cor-
tex. Unlike the superficial cortex, distinct lymphoid structures are not typically seen in the deep
cortex. Prominent germinal centers in the adjacent superficial cortex (arrow) demonstrate another
reactive change in the lymph node. (b) A high-endothelial venule (HEV), with dark blue lymphoid
cells visible crossing the endothelial lining to enter the lymph node from the peripheral
blood (arrow)

5.3 Medulla

The medulla is the third main component of the lymph node and the final region
through which lymph travels before exiting the node via the efferent lymphatic ves-
sel at the hilus. The hilus also serves as the site of entry and exit of the lymph node’s
blood supply, and thus the effective anchoring point of the lymphoid lobules. The
medulla can be divided into two main functional components: the medullary cords
and medullary sinuses [2].

The medullary cords consist of lymphocytes and plasma cells arranged in cords
and ribbons (see Fig. 5.4). Between the cords run the medullary sinuses, which are
lined by fibroblastic reticular cells and histiocytes. The sinuses carry lymph drain-
ing from the smaller sinuses of the deep cortex toward the efferent lymphatic vessel.
The sinuses are lined by fibroblastic reticular cells. The sinuses also contain histio-
cytes, which often cling to the lining, and remove cells, debris, and antigens from
the lymph as it flows through the sinus system. After the lymph has traversed the
various zones of the lobule, or circumvented the lobules through the transverse
sinuses, it exits the lymph node through the efferent lymphatic vessel [27].
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Fig. 5.4 The lymph node medulla. (a) The two main structures of the medulla are the medullary
sinuses (MS) through which lymph flows, accompanied by histiocytes and lymphocytes exiting the
node, and the medullary cords (MC), ribbon-like structures adjacent to the sinuses, containing
lymphocytes and plasma cells. (b) In reactive conditions, the sinuses (*) may become filled and
expanded by histiocytes, an appearance termed “sinus histiocytosis”

5.4 Lymph Node Pathology

As lymph nodes are at the crossroad of many different biological systems, they
frequently demonstrate pathologic changes. The following section reviews a set of
the most frequent changes observed in lymph nodes, divided into benign and malig-
nant conditions.

5.4.1 Reactive/Benign Conditions

Reactive follicular hyperplasia is one of the most common changes observed in lymph
nodes. It is characterized by an increase in the number of secondary follicles, typically
accompanied by germinal centers of increased size and variably irregular shapes
(Fig. 5.5). Follicular hyperplasia usually occurs in response to an unknown antigen
and demonstrates evidence of proliferation in the germinal center, with tingible-body
macrophages containing apoptotic cellular debris, well-defined polarization into dark
and light zones, and an elevated proliferative index [22]. Follicular hyperplasia may
be observed in conjunction with systemic disorders such as rheumatoid arthritis or
other conditions which lead to long-standing immunologic stimulation [28].

In contrast to reactive follicular hyperplasia, in which the superficial cortex is
expanded, paracortical hyperplasia is characterized by expansion of the deep cortex.
This process is similarly etiologically non-specific and may be seen in reaction to
viral infections, autoimmune processes, or nearby malignancies [29]. Prominent
paracortical hyperplasia may also be seen in lymph nodes draining regions of chron-
ically irritated skin, wherein the expanded T-cell population is accompanied by
increased histiocytes, IDCs, and Langerhans cells, a pattern of findings termed “der-
matopathic lymphadenitis™ [30].
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Sinus histiocytosis is a common and etiologically non-specific finding observed
in lymph nodes, which is caused by the filling and expansion of sinuses by histio-
cytes. It may often be observed in chronically irritated lymph nodes, especially
those of the mediastinum which are exposed to inhaled antigens, but may also be
seen in other contexts, such as in nodes draining tumors [22]. An increased quantity
of histiocytes may also be observed in lymph nodes draining prosthetic implants, or
in conditions such as histiocytic storage disorders, Whipple’s disease, or sinus his-
tiocytosis with massive lymphadenopathy (Rosai-Dorfman disease) [31-34].

Most non-reactive conditions do not limit themselves to a particular region of the
lymph node. For example, granulomatous diseases of the lymph node typically do
not display a zonal predilection. While a specific etiology or infectious agent is
often not identifiable in these cases, granuloma formation may be seen in response
to a wide variety of infections. Granulomatous disease is divided into non-necrotiz-
ing disease and necrotizing disease, depending on the presence of necrosis within
granulomas. One of the best-known diseases causing a non-necrotizing granuloma-
tous lymphadenitis is sarcoidosis, which is characterized by well-formed epithelioid
granulomas, often surrounded by a small rim of fibrosis. Necrotizing granulomatous
disease is typically associated with infection, with the most common causes being
mycobacterial or fungal infection. Bacterial infections, such as cat-scratch disease,
may also cause necrotizing granulomas (Fig. 5.6) [22].

Several diseases may lead to expansion of many compartments of the lymph
node. For example, IgG4-related disease may yield a fibro-inflammatory pseudotu-
mor, as at other anatomic locations, but may also present with a wide range of
hyperplastic changes in different compartments of the node [35]. Finally, several
disorders may display large areas of necrosis within the lymph node, such as
Kikuchi’s lymphadenitis, systemic lupus erythematosus, and viral lymphadenitis
[36]. Viral lymphadenitis may also yield diffuse changes in the lymph node paren-
chyma and prominent reactive changes in lymphoid cells, which may be challeng-
ing to differentiate from lymphoma.

[~
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Fig. 5.5 Reactive changes in the lymph node. (a) Reactive follicular hyperplasia is characterized
by an increased in number and size of follicles, often with irregular germinal center outlines. (b)
Reactive paracortical hyperplasia does not generate distinct structures, and it appears as a relative
increase in the prominence of the deep cortical (paracortical) compartment. The mottled appear-
ance of the deep cortex is due to the mixed inflammatory cell population



160 R. K. Crotty

Fig. 5.6 Granulomatous lymphadenitis. Non-necrotizing, well-formed epithelioid granulomas
are seen in sarcoidosis (a). With infectious etiologies (b), ill-defined foci of necrosis may be seen
in the center of granulomas (arrowhead). In this patient with tuberculosis, horseshoe-shaped
Langhans giant cells (arrow) are also present

5.4.2 Metastatic Disease

The presence of lymph node metastases is a key prognostic factor for many malig-
nancies, and it is a key indicator of tumor aggressiveness [37]. As such, it is also a
strong predictor of survival, and it is an important parameter used when determining
disease stage and treatment options [38]. While lymphatic spread is observed rela-
tively frequently in epithelial-derived malignancies (carcinomas), it is significantly
less common in mesenchymal-derived malignancies (sarcomas) [39].

The presence of lymph node metastases is evidence of a fascinating interaction
between the tumor and the lymphatic system. Tumor cells access small lymphatic
vessels, which are simple endothelial-lined tubes without protective smooth muscle
coats and only intermittent basement membranes [40], and from there travel through
the subsequent lymphatic chain to arrive first in the nearest lymph node (the sentinel
lymph node) [41], and then on through the subsequent nodes to re-enter the sys-
temic circulation [42]. However, it has long been understood that metastases require
an appropriate microenvironment to support them (the “seed and soil” theory, first
proposed in the late nineteenth century) [43, 44]. Recent work has shown the extent
to which the presence of an upstream tumor can modify downstream lymph nodes
to prepare for metastases, such as by tumor-driven stimulation of lymphangiogen-
esis to significantly increase the flow of lymph through a node [45-47], tumor cells
following chemokine signals to enter a lymph node [38, 48], and alteration of the
mRNA profiles expressed in lymphatic endothelial cells [49].

When lymphatic involvement is present, the tumor will typically metastasize to
a lymph node in a sequential fashion, first invading peritumoral lymphatics, and
then spreading from node to node along the lymphatic channel. Metastases are often
initially identified within or adjacent to the subcapsular sinus, the point of entry into
the lymph node. Tumors may demonstrate characteristic morphologic features of
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their primary tumors, such as the papillary growth pattern and intranuclear inclu-
sions of papillary thyroid carcinoma (Fig. 5.7), or the prominent cherry-red nucleoli
of melanoma. However, tumor metastases present within a lymph node may often
be poorly differentiated and challenging to diagnose on morphologic features alone.
In the absence of characteristic histologic features, immunohistochemistry is often
helpful in confirming the primary site of the tumor (see Table 5.1 for a list of
commonly-used immunostains in metastatic disease).

Fig.5.7 Metastatic disease involving lymph nodes. Identification of the primary location of meta-
static disease requires evaluation for characteristic histologic features. In this example (a and b),
the cellular morphology and architecture is characteristic of papillary thyroid carcinoma, with a
papillary growth pattern (arrow demonstrates a fibrovascular core within a papilla) and nuclear
clearing, grooves, and pseudoinclusions. Note the reactive follicular hyperplasia (arrowheads)
adjacent to the metastases (arrows) (a). Metastatic disease is often first identified in the subcapsular
sinus, where the malignant cells first enter the lymph node. In this example (c¢), the subcapsular
sinus (¥) is distended by metastatic breast carcinoma, with malignant cells floating in less involved
parts of the sinus (arrowhead). Immunohistochemistry may be helpful in identifying inconspicu-
ous metastases (d), with a pankeratin stain highlighting scattered metastatic breast carcinoma cells
(arrows)
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Table 5.1 Common immunohistochemical markers examined in lymph node metastases

Stain Significance if positive in metastatic tumor cells
Pankeratin Epithelial origin (carcinoma)

Cytokeratin 7 Upper gastrointestinal tract, breast, lung
Cytokeratin 20 Lower gastrointestinal tract (colon)

TTF1 Thyroid, lung (adenocarcinoma)

PAXS8 Miillerian tract, renal

CDX2 Gastrointestinal tract

P63 Urothelial, lung (squamous cell carcinoma)
NKX3.1 Prostate

PSA Prostate

PSAP Prostate

S100 Melanoma

MART-1/Melan-A Melanoma

HMB45 Melanoma

MiTF Melanoma

5.4.3 Hematolymphoid Neoplasia

As lymphoid organs, the lymph nodes may become also be involved by a wide
range of hematolymphoid neoplasms, especially lymphomas. Lymphomas may be
of B- or T-cell origin, with B-cell lymphomas further divided into Hodgkin lympho-
mas and non-Hodgkin lymphomas [50].

Hodgkin lymphomas are characterized by a combination of scattered malignant
B cells in a background of a prominent reactive inflammatory response, leading to
prominent lymphadenopathy. The two main categories of Hodgkin lymphoma are
classic Hodgkin lymphoma, further subclassified by the background inflammatory
component, and nodular lymphocyte predominant Hodgkin lymphoma (NLPHL).
Although NLPHL displays the same overall features as classical Hodgkin lym-
phoma, the malignant cells of NLPHL (LP cells) have a distinct genetic and immu-
nohistochemical profile from Reed-Sternberg cells — the malignant cells of classic
Hodgkin lymphoma (Fig. 5.8) [51].

Non-Hodgkin lymphomas consist of a diffuse infiltrate of abnormal neoplastic B
cells. Multiple distinct entities are defined based on cell morphology, genetic abnor-
malities, and immunophenotype (see Table 5.2 for a list of common immunostains
used in evaluating hematolymphoid tissue).

Common examples of low-grade NHLs include chronic lymphocytic leukemia/
small lymphocytic lymphoma (CLL/SLL), which leads to diffuse effacement of
lymph node architecture by small, mature lymphoid cells and occasional larger cells
(prolymphoblasts) with characteristic CD5 and CD23 positivity, or mantle cell lym-
phoma, whose small CD5-positive cells may mimic those are SLL, but are distin-
guished by MCL’s characteristic t(11;14)(q13;q32) translocation, which forces
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overexpression of cyclin D1 [52]. Overexpression of SOX11 is also observed in the
majority of mantle cell lymphomas [53].

Follicular lymphoma (FL) is another common NHL, characterized by a prolif-
eration of relatively uniform neoplastic follicles. In most cases of FL, the cells of the
neoplastic germinal center contain a t(14;18) rearrangement which places the anti-
apoptotic BCL2 gene under the /GH promoter, protecting the neoplastic cells from
apoptosis. Most cases of FL are low grade, but as the grade increases the absolute
and relative quantity of centroblasts in the follicles increases, and the follicular
architecture tends to give way to a diffuse growth pattern. The highest grade of FL.
overlaps with diffuse large B-cell lymphoma (Fig. 5.9).

More high-grade NHLs include Burkitt lymphoma (BL), which is a highly
aggressive B-cell lymphoma with three distinct clinical variants: endemic BL,
which occurs most commonly in equatorial Africa and is associated with Epstein-
Barr virus infection [54, 55]; sporadic BL, which occurs in immunocompetent
patients in developed countries; and immunodeficiency-associated BL, which is
most commonly identified in patients with HIV. Histologically, the different clinical
variants are indistinguishable, with a diffuse infiltrate of medium-sized lymphoid
cells demonstrating extremely high proliferative activity, and frequent macrophages
consuming apoptotic debris to yield a “starry sky” appearance [56]. Translocations
involving MYC are characteristic of BL, most commonly yielding a t(8;14) rear-
rangement (Fig. 5.10) [57].

Diffuse large B-cell lymphoma (DLBCL) is a biologically heterogeneous group
of aggressive B-cell lymphomas, and it is the most common NHL worldwide [58].
Histologically, DLBCL is defined by a diffuse infiltrate of neoplastic B cells with
large nuclei, with a wide variety of mutations and translocations described. Gene
expression profiling has traditionally allowed for subdivision of DLBCL into two
groups based on the resemblance of tumor cell profiles to germinal center B cells or
activated B cells [59], although recent work has led to the identification of at least
four different subtypes based on shared genomic abnormalities [60].

Other B-cell neoplasms which may involve lymph nodes include lymphoplasma-
cytic lymphomas or plasma cell neoplasms. T-cell and natural killer (NK)-cell neo-
plasms may similarly involve lymph nodes, but they are significantly less frequent
than those discussed above.
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Fig. 5.8 Classical Hodgkin lymphoma, nodular sclerosis subtype. (a) This variant of Hodgkin
lymphoma is characterized by nodules of inflammation surrounded by dense bands of fibrosis. (b)
Like other subtypes of classical Hodgkin lymphoma, the malignant cell in the nodular sclerosis
subtype is the Reed-Sternberg cell (arrow), with its characteristic binucleation and prominent
nucleoli. The Reed-Sternberg cell is a crippled B cell, which aberrantly expresses CD30 (¢) and
CD15 (d)

Table 5.2 Common hematolymphoid immunohistochemical markers examined in lymph nodes
(most common markers indicated by *)

Stain Indication

CDla Langerhans cell

CD2 T cell

CD3 T cell*

CD4 T cell (helper)

CD5 T cell

CD7 T cell

CD8 T cell (cytotoxic/suppressor)

CDI10 B cell (germinal center)

CDI15 Granulocytic cells, Reed-Sternberg cells
CD20 B cell*

CD21 B cell

CD30 Immunoblasts, Reed-Sternberg cells

CD45 All hematolymphoid cells (except plasma cells)
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Table 5.2 (continued)

Stain Indication

CD68 Histiocytes

CD117 Mast cells

CD138 Plasma cells

PAXS B cell®

BCL1 (Cyclin D1) Mantle cell lymphoma

BCL2 Follicular lymphoma

BCL6 B cell (germinal center)

Kappa light chain Assessing B- and plasma-cell clonality
Lambda light chain Assessing B- and plasma-cell clonality

Fig.5.9 Non-Hodgkin lymphoma. In this lymph node involved by small lymphocytic lymphoma
(a), the lymph node architecture is completely effaced by a monotonous infiltrate of small lym-
phoid cells, extending into the adjacent fibroadipose tissue (arrow). On high power (b), the cells
are small and bland, with occasional large cells (arrow). In diffuse large B-cell lymphoma, the
lymph node is similarly effaced (c), but the infiltrate consists of large pleomorphic lymphoid
cells (d)
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Fig. 5.10 Burkitt lymphoma, endemic subtype. From low power (a), Burkitt lymphoma forms a
dense sheet of cells. The monotonous infiltrate is broken up by tingible-body macrophages to
generate the characteristic “starry-sky” histologic picture. The tumor cells have an extremely high
proliferation index, accounting for the extensive tingible-body macrophages (b). Burkitt lym-
phoma is typically driven by rearrangements in c-MYC, overexpressed by IHC in this case (¢). In
situ hybridization for Epstein-Barr virus is strongly positive (d), consistent with endemic Burkitt
lymphoma

5.5 Note on Inmunohistochemistry

Immunohistochemical staining is a simple yet indispensable tool, which allows the
pathologist to evaluate expression of specific proteins in a cellular population of
interest. Immunohistochemistry (IHC) involves antibodies targeted at proteins pres-
ent in formalin-fixed paraffin-embedded tissue. After the primary antibody binds its
target antigen, a detection system is introduced to highlight the bound primary anti-
body. Various systems have been developed, but they all share the end goal of bring-
ing a chromogenic substrate into proximity of the primary antibody, followed by
activation of the substrate by an enzyme. The chromogen is then detectable by light
microscopy, demonstrating expression of the antigen of interest.
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By evaluating the immunohistochemical expression profile of a cell, it is possible
to subclassify the nature of the cell in far greater detail than by light microscopy
alone. This is especially important in lymphoid populations, where the histology of
the various subtypes of hematolymphoid cells overlaps to the extent that they are
histologically indistinguishable. B and T cells, for example, are identical by light
microscopy, but these may be quickly and confidently distinguished by their expres-
sion of B-cell markers, such as CD20, or T-cell markers, such as CD3. Table 5.1
includes a list of common immunohistochemical markers used in hematolymphoid
populations. Table 5.2 reviews commonly used stains when evaluating metastases.

References

1. Moore JE Jr, Bertram CD. Lymphatic system flows. Annu Rev Fluid Mech. 2018;50:459-82.

2. Willard-Mack CL. Normal structure, function, and histology of lymph nodes. Toxicol Pathol.
2006;34(5):409-24.

3. Fletcher AL, Malhotra D, Turley SJ. Lymph node stroma broaden the peripheral tolerance
paradigm. Trends Immunol. 2011;32(1):12-8.

4. Mebius RE. Organogenesis of lymphoid tissues. Nat Rev Immunol. 2003;3(4):292-303.

5. Eikelenboom P, et al. The histogenesis of lymph nodes in rat and rabbit. Anat Rec.
1978;190(2):201-15.

6. Kaldjian EP, et al. Spatial and molecular organization of lymph node T cell cortex: a labyrin-
thine cavity bounded by an epithelium-like monolayer of fibroblastic reticular cells anchored
to basement membrane-like extracellular matrix. Int Immunol. 2001;13(10):1243-53.

7. Malhotra D, et al. Transcriptional profiling of stroma from inflamed and resting lymph nodes
defines immunological hallmarks. Nat Immunol. 2012;13(5):499-510.

8. Garside P, et al. Visualization of specific B and T lymphocyte interactions in the lymph node.
Science. 1998;281(5373):96-9.

9. Young AJ. The physiology of lymphocyte migration through the single lymph node in vivo.
Semin Immunol. 1999;11(2):73-83.

10. Soderberg KA, et al. Innate control of adaptive immunity via remodeling of lymph node feed
arteriole. Proc Natl Acad Sci U S A. 2005;102(45):16315-20.

11. Haley P, et al. STP position paper: best practice guideline for the routine pathology evaluation
of the immune system. Toxicol Pathol. 2005;33(3):404—7. discussion 408

12. Elmore SA. Enhanced histopathology of the immune system: a review and update. Toxicol
Pathol. 2012;40(2):148-56.

13. Cyster JG. Chemokines and cell migration in secondary lymphoid organs. Science.
1999;286(5447):2098-102.

14. Bergtold A, et al. Cell surface recycling of internalized antigen permits dendritic cell priming
of B cells. Immunity. 2005;23(5):503-14.

15. Mesin L, Ersching J, Victora GD. Germinal center B cell dynamics. Immunity.
2016;45(3):471-82.

16. Victora GD, Nussenzweig MC. Germinal centers. Annu Rev Immunol. 2012;30:429-57.

17. De Silva NS, Klein U. Dynamics of B cells in germinal centres. Nat Rev Immunol.
2015;15(3):137-48.

18. Jacob J, et al. Intraclonal generation of antibody mutants in germinal centres. Nature.
1991;354(6352):389-92.

19. Gitlin AD, Shulman Z, Nussenzweig MC. Clonal selection in the germinal centre by regulated
proliferation and hypermutation. Nature. 2014;509(7502):637-40.

20. Ziegner M, Steinhauser G, Berek C. Development of antibody diversity in single germinal
centers: selective expansion of high-affinity variants. Eur J Immunol. 1994;24(10):2393-400.



168 R. K. Crotty

21. Berek C, Berger A, Apel M. Maturation of the immune response in germinal centers. Cell.
1991;67(6):1121-9.

22. Jaffe ES, editor. Hematopathology. 2nd ed. Philadelphia: Elsevier; 2017.

23. McHeyzer-Williams LJ, et al. Follicular helper T cells as cognate regulators of B cell immu-
nity. Curr Opin Immunol. 2009;21(3):266-73.

24. De Bruyn PP, Cho Y. Structure and function of high endothelial postcapillary venules in lym-
phocyte circulation. Curr Top Pathol. 1990;84(Pt 1):85-101.

25. Girard JP, Moussion C, Forster R. HEVs, lymphatics and homeostatic immune cell trafficking
in lymph nodes. Nat Rev Immunol. 2012;12(11):762-73.

26. Moussion C, Girard JP. Dendritic cells control lymphocyte entry to lymph nodes through high
endothelial venules. Nature. 2011;479(7374):542-6.

27. Sainte-Marie G, Peng FS, Belisle C. Overall architecture and pattern of lymph flow in the rat
lymph node. Am J Anat. 1982;164(4):275-309.

28. Kondratowicz GM, et al. Rheumatoid lymphadenopathy: a morphological and immunohisto-
chemical study. J Clin Pathol. 1990;43(2):106—13.

29. Weiss LM, O’Malley D. Benign lymphadenopathies. Mod Pathol. 2013;26(Suppl 1):S88-96.

30. Gould E, et al. Dermatopathic lymphadenitis. The spectrum and significance of its morpho-
logic features. Arch Pathol Lab Med. 1988;112(11):1145-50.

31. Gray MH, et al. Changes seen in lymph nodes draining the sites of large joint prostheses. Am
J Surg Pathol. 1989;13(12):1050-6.

32. Lee RE, Peters SP, Glew RH. Gaucher’s disease: clinical, morphologic, and pathogenetic con-
siderations. Pathol Annu. 1977;12(Pt 2):309-39.

33. Cai Y, Shi Z, Bai Y. Review of Rosai-Dorfman disease: new insights into the pathogenesis of
this rare disorder. Acta Haematol. 2017;138(1):14-23.

34. Lamberty J, et al. Whipple disease: light and electron microscopy study. Arch Pathol.
1974;98(5):325-30.

35. Stone JH, Zen Y, Deshpande V. [gG4-related disease. N Engl J Med. 2012;366(6):539-51.

36. Kuo TT. Kikuchi’s disease (histiocytic necrotizing lymphadenitis). A clinicopathologic study
of 79 cases with an analysis of histologic subtypes, immunohistology, and DNA ploidy. Am J
Surg Pathol. 1995;19(7):798-809.

37. Amin MB, et al. American joint commission on cancer cancer staging manual. 8th ed. Springer
International Publishing; 2017.

38. Das S, et al. Tumor cell entry into the lymph node is controlled by CCL1 chemokine expressed
by lymph node lymphatic sinuses. J Exp Med. 2013;210(8):1509-28.

39. Fong Y, et al. Lymph node metastasis from soft tissue sarcoma in adults. Analysis of data from
a prospective database of 1772 sarcoma patients. Ann Surg. 1993;217(1):72-7.

40. Schmid-Schonbein GW. Microlymphatics and lymph flow. Physiol Rev. 1990;70(4):987-1028.

41. Nathanson SD, Shah R, Rosso K. Sentinel lymph node metastases in cancer: causes, detection
and their role in disease progression. Semin Cell Dev Biol. 2015;38:106-16.

42. Ruddle NH. Lymphatic vessels and tertiary lymphoid organs. J Clin Invest. 2014;124(3):953-9.

43. Paget S. The distribution of secondary growths in cancer of the breast. 1889. Cancer Metastasis
Rev. 1989;8(2):98-101.

44. Peinado H, Lavotshkin S, Lyden D. The secreted factors responsible for pre-metastatic niche
formation: old sayings and new thoughts. Semin Cancer Biol. 2011;21(2):139-46.

45. Harrell MI, Iritani BM, Ruddell A. Tumor-induced sentinel lymph node lymphangiogenesis
and increased lymph flow precede melanoma metastasis. Am J Pathol. 2007;170(2):774-86.

46. Hirakawa S, et al. VEGF-A induces tumor and sentinel lymph node lymphangiogenesis and
promotes lymphatic metastasis. J] Exp Med. 2005;201(7):1089-99.

47. Hirakawa S, et al. VEGF-C-induced lymphangiogenesis in sentinel lymph nodes promotes
tumor metastasis to distant sites. Blood. 2007;109(3):1010-7.

48. Cabioglu N, et al. CCR7 and CXCR4 as novel biomarkers predicting axillary lymph node
metastasis in T1 breast cancer. Clin Cancer Res. 2005;11(16):5686-93.

49. Oliveira-Ferrer L, et al. Mechanisms of tumor-lymphatic interactions in invasive breast and
prostate carcinoma. Int J Mol Sci. 2020;21(2):602.



Lymph Node Pathology 169

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

Swerdlow SH, et al. WHO classification of tumours of haematopoietic and lymphoid tissues.
4th ed. Lyon: IARC; 2016. p. 421.

Brune V, et al. Origin and pathogenesis of nodular lymphocyte-predominant Hodgkin lym-
phoma as revealed by global gene expression analysis. J Exp Med. 2008;205(10):2251-68.
Jares P, Colomer D, Campo E. Molecular pathogenesis of mantle cell lymphoma. J Clin Invest.
2012;122(10):3416-23.

Ek S, et al. Nuclear expression of the non B-cell lineage Sox11 transcription factor identifies
mantle cell lymphoma. Blood. 2008;111(2):800-5.

Brady G, MacArthur GJ, Farrell PJ. Epstein-Barr virus and Burkitt lymphoma. J Clin Pathol.
2007;60(12):1397-402.

Kelly GL, Rickinson AB. Burkitt lymphoma: revisiting the pathogenesis of a virus-associated
malignancy. Hematology. 2007;2007(1):277-84.

Ferry JA. Burkitt’s lymphoma: clinicopathologic features and differential diagnosis.
Oncologist. 2006;11(4):375-83.

Dominguez-Sola D, Dalla-Favera R. Burkitt lymphoma: much more than MYC. Cancer Cell.
2012;22(2):141-2.

Li S, Young KH, Medeiros LJ. Diffuse large B-cell lymphoma. Pathology. 2018;50(1):74-87.
Alizadeh AA, et al. Distinct types of diffuse large B-cell lymphoma identified by gene expres-
sion profiling. Nature. 2000;403(6769):503—-11.

Schmitz R, et al. Genetics and pathogenesis of diffuse large B-cell lymphoma. N Engl J Med.
2018;378(15):1396-407.



Index

A Bladder cancer, 135, 144—-149

Abdominal lymphatics
accuracy, 55, 61
adrenal tumors, 83
appendix, 72
colorectal adenocarcinoma, 72-80 C
drainage pattern location, 55, 57-60 Celiac
gastrocolic ligament, 69, 70
gastrohepatic ligament, 68, 69

Breast cancer, 47
Burkitt lymphoma (BL), 163, 166

axis, 60, 65, 69

Centroblasts, 155
Cervical lymph nodes

gastrosplenic ligament, 69
inferior phrenic nodal pathways, 71
liver, 60-64
pancreatic cancer, 83—-87
lymph node stations, 85, 87-88
N-stage classification, 88
regional lymph nodes, 88
paracardiac nodes, 67, 68
paraesophageal lymph nodes, 67
renal tumors, 81, 82
renal, upper urothelial, and adrenal
malignancies, 81
small intestine, 71
stomach, 65-67
urothelial tumors, 82, 83
Anal carcinoma, 80
Anterior nasal cavity, 5
Aortic nodes, 35, 36
Axillary lymph nodes
anterior/pectoral group, 45, 46
apical group, 45-47
central group, 45-47
lateral/brachial group, 45, 46
malignant enlargement, 45-47
posterior/subscapular group, 45-47

B
Basal cell carcinoma, 47
B cell proliferation, 155

© Springer Nature Switzerland AG 2021

classification, 1-4

level I metastases, 5—10
level II metastases, 8, 10-13
level III metastases, 13—-15
level IV metastases, 16—-19
level V metastases, 20-22
level VI metastases, 22-24
nodal mass, 4

Chest lymph node

anterior group, 49-51

aortic nodes, 35, 36

axillary lymph nodes
anterior/pectoral group, 45, 46
apical group, 4547
central group, 45-47
lateral/brachial group, 45, 46
malignant enlargement, 45-47
posterior/subscapular group, 45—47

diaphragm, 49

hilar, 39, 40

inferior mediastinal nodes
paraesophageal, 36-38
pulmonary ligament, 37, 39
subcarinal, 36, 37

interlobar, 39-41

internal mammary vessels, 48

juxtavertebral nodes, 49

lobar, 40, 41

lower paratracheal, 30, 33, 34

malignant enlargement, 42, 43, 49

171

M. G. Harisinghani (ed.), Atlas of Lymph Node Anatomy,

https://doi.org/10.1007/978-3-030-80899-0


https://doi.org/10.1007/978-3-030-80899-0#DOI

172

Index

Cervical lymph nodes (cont.)
mediastinal lymph nodes, 27
middle group, 51
posterior group, 51, 52
posterior ribs, 49
prevascular, 29, 31, 32
retrotracheal, 30, 33
segmental bronchi, 40
subsegmental bronchi, 40
supraclavicular nodes, 27-29
upper paratracheal, 29, 30

Chronic lymphocytic leukemia/small

lymphocytic lymphoma
(CLL/SLL), 162

Classical Hodgkin lymphoma, 162, 164

Colorectal adenocarcinoma, 72—-80

Common iliac nodal group, 93-95

D
Deep cortex (paracortex), 156, 157
Deep inguinal nodes, 100
Dermatopathic lymphadenitis, 158
Diagnosing abnormal nodes
internal architecture, 105
nodal staging, 105, 106
shape and margin, 105
size, 104
Diffuse large B-cell lymphoma
(DLBCL), 163

E
External beam radiation therapy (EBRT), 61
External iliac nodal group, 95-98

F

Fallopian tube, 119

Fibroblastic reticular cells (FRCs), 153
Follicular dendritic cells (FDCs), 155
Follicular lymphoma (FL), 163

G
Gastric cancer, 65-67
Gastrocolic ligament, 69, 70
Gastrohepatic ligament, 68, 69
Gastrosplenic ligament, 69
Germinal centers, 155
Granulomatous lymphadenitis, 160
Gynecologic malignancies

lymphatic drainage, female pelvis,

107, 108
lymphatic spread
uterus, 113

vagina, 111, 112
vulva, 108-110

H

Hematolymphoid immunohistochemical
markers, 164—-165

Hematolymphoid neoplasia, 162, 163

Hepatocellular carcinoma (HCC), 60—64

Hodgkin lymphomas, 162

Hypogastric nodal group. See Internal iliac
nodal group

1

Immune system, 153

Immunohistochemical markers, 162

Immunohistochemistry (IHC), 166, 167

Immunostains, 162

Inguinal nodes, 100-103

Interdigitating-type dendritic cells (IDCs), 156

Internal iliac nodal group, 99, 100

International Association for the Study of
Lung Cancer (IASLC), 27

Intrathoracic lymph node metastases, 42-44

Invasive cervical cancer, 113-115

J

Japanese Classification of Gastric Cancer
(JCGO), 65, 66

L
Lung cancer, 42
Lymphatic drainage, female pelvis, 107, 108
Lymphatic spread
uterus, 113
vagina, 111, 112
vulva, 108-110
Lymphatic system, 153
Lymphoma, 42

M

Male urogenital pelvic cancers
bladder cancer, 135, 144-149
modified post-therapeutic

pathway, 126

nodal spread pathway, 126
para-aortic pathway, 125
pelvic pathway, 123, 124
penile cancer, 126, 135-139
prostate cancer, 127-135
superficial inguinal pathway, 122, 123
testicular cancer, 134, 139-144



Index

173

Medulla, 157, 158
Metastatic disease, 160, 161
Modified post-therapeutic pathway, 126

N

Nodal spread pathway, 126

Nodular lymphocyte predominant Hodgkin
lymphoma (NLPHL), 162

Non-Hodgkin lymphomas, 162, 165

Normal lymph node, 154

(0}
Ovarian cancer, 47
Ovary, 119-121

P
Pancreatic cancer, 83-87
lymph node stations, 85, 87-88
N-stage classification, 88
regional lymph nodes, 88
Papillary thyroid carcinoma, 10
Para-aortic nodes, 65, 66, 73
Para-aortic pathway, 125
Paracardiac nodes, 67, 68
Paraesophageal lymph nodes, 67
Pathology
cellular population and function
deep cortex (paracortex), 156
hematolymphoid neoplasia, 162, 163
metastatic disease, 160, 161
reactive follicular hyperplasia, 158, 159
Pelvic lymph nodes
classification and anatomical location
common iliac nodal group, 93-95
external iliac nodal group, 95-98
internal iliac nodal group, 99, 100
perivisceral nodes, 103, 104
superficial inguinal and deep inguinal
nodes, 100-103
diagnosing abnormal nodes
internal architecture, 105
nodal staging, 105, 106
shape and margin, 105
size, 104
fallopian tube, 119
gynecologic malignancies
lymphatic drainage, female pelvis,
107, 108
lymphatic spread, 108—113
invasive cervical cancer, 113115
male urogenital pelvic cancers

bladder cancer, 135, 144-149
modified post-therapeutic
pathway, 126
nodal spread pathway, 126
para-aortic pathway, 125
pelvic pathway, 123, 124
penile cancer, 126, 135-139
prostate cancer, 127-135
superficial inguinal pathway, 122, 123
testicular cancer, 134, 139-144
ovary, 119-121
uterine body, cancer of, 116-119
Pelvic pathway, 123, 124
Penile cancer, 126, 135-139
Perivisceral nodes, 103, 104
Prostate cancer, 127-135

R

Reactive follicular hyperplasia, 158, 159
Regional lymph nodes, 80

Renal cell carcinomas (RCC), 81

Renal tumors, 81, 82

Retropharyngeal node, 2, 22
Rosai-Dorfman disease, 159

S

Seed and soil theory, 160

Sinuses by histiocytes, 159

Spinal accessory nerve, 8, 10, 20
Superficial cortex, 155, 156
Superficial inguinal nodes, 100
Superficial inguinal pathway, 122, 123
Superior mesenteric artery, 65

T

Testicular cancer, 134, 139-144

Thoracic duct, 61, 67, 81

Tingible-body macrophages, 155
Transarterial chemoembolization (TACE), 61

U

Ureteral transitional cell carcinoma
(TCC), 82, 83

Uterine body, cancer of, 116—-119

Uterus, 113

\'%
Vagina, 111, 112
Vulva, 108-110



	Preface
	Acknowledgments
	Contents
	Contributors
	Contributors to the First Edition

	1: Head and Neck Lymph Node Anatomy
	1.1	 Classification
	1.2	 Criteria for Enlargement
	1.2.1	 Level I: Submental (IA) and Submandibular (IB)
	1.2.1.1	 Metastatic Involvement
	1.2.1.2	 Unusual Site of Metastasis

	1.2.2	 Level II
	1.2.2.1	 Metastatic Involvement
	1.2.2.2	 Unusual Site of Metastasis

	1.2.3	 Level III
	1.2.4	 Level IV
	1.2.5	 Level V (A + B)
	1.2.6	 Level VI

	References

	2: Chest Lymph Node Anatomy
	2.1	 Mediastinal Lymph Nodes
	2.2	 Supraclavicular Nodes 1
	2.3	 Superior Mediastinal Nodes 2–4
	2.4	 Aortic Nodes 5–6
	2.5	 Inferior Mediastinal Nodes 7–9
	2.6	 Hilar, Lobar, and (Sub)Segmental Nodes 10–14
	2.7	 Malignant Causes of Enlargement
	2.8	 Axillary Lymph Nodes
	2.8.1	 Lateral or Brachial Group
	2.8.2	 Anterior or Pectoral Group
	2.8.3	 Posterior or Subscapular Group
	2.8.4	 Central Group
	2.8.5	 Apical Group
	2.8.6	 Malignant Causes of Enlargement

	2.9	 Chest Wall Nodes
	2.9.1	 Internal Mammary (Internal Thoracic or Parasternal) Nodes
	2.9.2	 Malignant Causes of Enlargement
	2.9.3	 Posterior Intercostal Nodes
	2.9.4	 Juxtavertebral (Pre-vertebral or Paravertebral) Nodes
	2.9.5	 Diaphragmatic Nodes
	2.9.6	 Anterior (Pre-pericardial or Cardiophrenic) Group
	2.9.7	 Middle (Juxtaphrenic or Lateral) Group
	2.9.8	 Posterior (Retrocrural) Group

	References

	3: Abdominal Lymph Node Anatomy
	3.1	 Lymphatic Spread of Malignancies
	3.1.1	 Liver
	3.1.2	 Stomach
	3.1.3	 Paraesophageal and Paracardiac Nodes
	3.1.4	 Nodal Metastases in the Gastrohepatic Ligament
	3.1.5	 Nodal Metastases in the Gastrosplenic Ligament
	3.1.6	 Nodal Metastases in the Gastrocolic Ligament
	3.1.7	 Inferior Phrenic Nodal Pathways
	3.1.8	 Small Intestine
	3.1.9	 Appendix
	3.1.10	 Colorectal

	3.2	 Retroperitoneal Lymph Nodes
	3.2.1	 Renal, Upper Urothelial, and Adrenal Malignancies
	3.2.2	 Lymphatic Spread of Malignancies
	3.2.2.1	 Renal Tumor
	3.2.2.2	 Urothelial Tumors
	3.2.2.3	 Adrenal Tumors


	3.3	 Pancreatic Cancer
	3.3.1	 Lymphatic Spread and Nodal Metastasis

	References

	4: Pelvic Lymph Node Anatomy
	4.1	 Classification and Anatomical Location of Pelvic Lymph Nodes
	4.1.1	 Common Iliac Nodal Group
	4.1.2	 External Iliac Nodal Group
	4.1.3	 Internal Iliac (Hypogastric) Nodal Group
	4.1.4	 Inguinal Nodes
	4.1.5	 Perivisceral Nodes

	4.2	 Criteria for Diagnosing Abnormal Lymph Nodes
	4.2.1	 Size
	4.2.2	 Shape and Margin
	4.2.3	 Internal Architecture
	4.2.4	 Nodal Staging

	4.3	 Gynecologic Malignancies
	4.3.1	 Pattern of Lymphatic Drainage of the Female Pelvis
	4.3.2	 Lymphatic Spread of Malignancies
	4.3.2.1	 Vulva
	4.3.2.2	 Vagina
	4.3.2.3	 Uterus


	4.4	 Invasive Cervical Cancer
	4.5	 Cancer of the Uterine Body
	4.6	 Fallopian Tube
	4.7	 Ovary
	4.8	 Male Urogenital Pelvic Malignancies
	4.8.1	 Superficial Inguinal Pathway
	4.8.2	 Pelvic Pathways
	4.8.3	 Paraaortic Pathway
	4.8.4	 Modified Posttherapeutic Pathways
	4.8.5	 Pathways of Nodal Spread in Urogenital Pelvic Malignancies
	4.8.6	 Prostate Cancer
	4.8.7	 Penile Cancer
	4.8.8	 Testicular Cancer
	4.8.9	 Bladder Cancer

	References

	5: Lymph Node Pathology
	5.1	 Superficial Cortex
	5.2	 Deep Cortex (Paracortex)
	5.3	 Medulla
	5.4	 Lymph Node Pathology
	5.4.1	 Reactive/Benign Conditions
	5.4.2	 Metastatic Disease
	5.4.3	 Hematolymphoid Neoplasia

	5.5	 Note on Immunohistochemistry
	References

	Index

