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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
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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)



78 A. Shakur et al.

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.



82 A. Shakur et al.

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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