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Abstract

Accurate nodal staging is important for the management
of patients with abdominal and pelvic malignancies.
Local and nodal staging using cross-sectional imaging
can influence treatment planning. The measurement of
nodal size is still the most widely used criteria for dis-
criminating between benign and malignant nodes.
However, knowledge of the pathways of nodal spread,
the treatment history, and careful analysis of nodal
characteristics can improve nodal assessment. An
appreciation of normal structures that may simulate
nodal disease is also important. The potential for further
improving nodal staging accuracy by positron emission
tomography and magnetic resonance lymphography is
discussed.
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Cross-sectional computed tomoraphy (CT) and magnetic
resonance imaging (MRI) are the most widely used
imaging techniques for the assessment of nodal disease in
the patient with cancer. CT and MR examination enables
direct visualization of lymph nodes, allowing evaluation
of these nodes in relation to the primary tumor.

Nodal enlargement occurs as a nonspecific response
to a variety of disease. Not surprisingly, there is a sub-
stantial overlap in the size and appearances of lymph
nodes involved by benign and malignant diseases. Fur-
thermore, metastases not infrequently spread to nodes
that are not enlarged by conventional criteria [1]. Thus,
the keys to successful interpretation of cross-sectional
imaging for nodal diseases rely on a good understanding
of the disease entities, their pattern of nodal involvement,
and their characteristic features on imaging.

Correspondence to: D. M. Koh; email: dowmukoh@jicr.ac.uk

Normal lymph nodes in the abdomen
and pelvis

Lymph nodes within the retroperitoneum are named and
grouped according to their relation to the inferior vena
cava and the abdominal aorta: paracaval, precaval, ret-
rocaval, aortocaval, preaortic, and paraortic. These
nodes lie along the major lumbar lymphatic trunks,
which receive lymphatic drainage from the lower limbs
and the pelvis. In the pelvis, lymph nodes along the pelvis
sidewall can be divided into the following groups: com-
mon iliac, external iliac (including obturator), hypogas-
tric (along the internal iliac vessels), and presacral.
Lymphatics associated with these nodal groups drain
upward into the retroperitoneum. Lymphatics associated
with the pelvic viscera can also drain externally into the
inguinal nodes.

There are also lymph nodes associated with abdomi-
nal viscera. These are found along the distribution of the
coeliac axis, superior mesenteric artery, and inferior
mesenteric artery. Nodes related to the celiac axis include
those along the great and lesser curvatures of the stom-
ach, those at the portal hepatis, and pancreaticoduodenal
nodes. Mesenteric nodes are found between the layers of
the small bowel mesentery at the root of the superior
mesenteric artery. Using multidetector CT, normal nodes
in these locations may be identified, especially when the
images are viewed on a workstation. For example, mes-
enteric lymph nodes <5 mm in diameter are frequently
found in asymptomatic normal individuals (Fig. 1) using
multidetector CT [2]. The majority of these are found at
the mesenteric root, but some may be seen in the mes-
enteric periphery or within the right iliac fossa [2].
Lymph nodes can also be identified in the distribution of
the inferior mesenteric artery, within the sigmoid mes-
entery, and along the superior rectal vessels. Lymphatics
from the abdominal viscera ultimately drain into the
retroperitoneum and via the cisterna chyli into the tho-
rax.

On CT imaging, normal nodes are ovoid in shape and
are of soft tissue density. These can be clearly visualized
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Fig. 1.
teric nodes (arrows), normally measuring about 5 mm in
diameter, to be confidently detected.

The use of multidetector CT allows normal mesen-

by using thin-section or multidetector CT and viewing
the images on a workstation. A slice section thickness of
2-3 mm is ideal for nodal assessment and allows multi-
planar reformats. On MRI, nodes are typically isointense
to muscle on T1-weighted MRI and are isointense or
mildly hyperintense on T2-weighted MRI (Fig. 2). On
short-tau inversion recovery (STIR) sequence, nodes
appear very high in signal intensity, which can aid in
their identification. However, the choice of the MR
sequence for nodal identification and assessment varies
with the anatomical region and individual preference.
A combination of high—spatial resolution T1- and T2-
weighted sequences is usually employed. High—spatial
resolution, turbo-spin echo T2-weighted [3] and three-
dimensional (3D) T1-weighted MP-RAGE [4] sequences
have been found to be particularly useful in some in-
stances.

Until recently, the only widely accepted method of
discriminating between normal and pathological nodes is
based on nodal size. The maximum short-axis nodal
diameter is usually ascertained. However, the size of
normal nodes varies within anatomical location in the
body. In the abdomen, the upper limit of the maximum
short-axis diameter of normal nodes varies between 6
and 10 mm, increasing in size caudally [5, 6]. For
example, it is generally accepted that the upper limit in
the maximum short-axis diameter of a normal retrocru-
ral node is 6 mm and that of a retroperitoneal abdominal
node is 10 mm [7]. In the pelvis, normal nodes are usually
< 10 mm in diameter [7, 8]. The mean maximum short-
axis diameter of normal inguinal nodes varies between 4

and 6 mm but can measure up to 15 mm [5, 9]. The upper
limit of the mean maximum short-axis diameters of
nodes according to anatomical regions in the abdomen
and pelvis are summarized in Table 1 [5-8, 10-12].
However, there may be variations in the application of
these criteria to determine whether nodes are normal or
abnormal according to practice and tumor types.

Cross-sectional nodal imaging in the
patient with cancer

The presence of nodal metastases is an adverse prog-
nostic factor in patients with abdominal and pelvic
malignancy. The presence of nodal disease can alter
management decisions, which include the choice of sur-
gery, chemotherapy, and radiotherapy. Nodal disease is
frequently an independent poor prognostic factor in
patient survival. This has been shown to be true in gas-
tric, renal, colorectal, prostate, bladder, cervical, endo-
metrial, and ovarian cancers. The recurrence rate of
cancer is also increased with nodal spread.
Nevertheless, the overall accuracy of CT and MRI in
nodal staging is limited. This is largely due to the fact
that metastases frequently involve nodes that are not
enlarged according to conventional criteria. However,
improvement in results can be achieved by careful con-
sideration of factors relevant to the primary tumor.

Stage, grade, histology, and biology of the
primary cancer

In most abdominal and pelvic cancers, the incidence of
nodal disease increases with the stage of the primary
tumor. For example, in patients with prostate cancer,
patients with organ-confined disease (TNM stage T1/
T2) have < 5% incidence of nodal metastasis, compared
to 30% for patients with extracapsular spread of disease
(stage T3) [13—15]. The relationship between the stage of
the tumor and the likelihood of nodal metastasis in
prostate, colorectal, bladder, and ovarian cancers is
summarized in Table 2.

The grade and other histological characteristics of
tumors also have a bearing on the likelihood of nodal
metastases. In cervical cancer, the presence of parame-
trial invasion and lymphovascular invasion and the
depth of tumor invasion are linked to the presence of
nodal disease [16]. In early gastric cancer, the presence of
submucosal and vascular invasion predicts the likelihood
of nodal disease [17]. Lymphovascular invasion also in-
creases the risk of nodal disease in patients with colo-
rectal cancer [18] and testicular tumors [19, 20].

Other biological indexes can help to alert radiologists
to the likelihood of nodal metastases. In patients with
prostate cancer, patients expressing high levels of pros-
tate specific antigen in the serum (> 20 ng/ml) and have
a high Gleason score (> 7) on prostate biopsy have a
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Table 1. The upper limit of normal of nodal size according to
anatomical regions in the abdomen and pelvis

Site Nodal size (mm)*
Retrocrual 6
Paracardiac 12
Gastrohepatic 8

Porta hepatis 7
Portacaval 10 (13%)
Upper paraortic 9
Lower paraortic 11
Mesenteric S

Pelvic 10
Inguinal 15

“Based on Refs. 5-8 and 10-12
PRefer to Ref. 12

Table 2. Examples of the increasing incidence of nodal disease with
increasing local tumor stage [14, 61-63]

Incidence of nodal disease

Tl T2 T3 T4

Prostate  <5% <5% 15% (Early) 30% (T3) >40%

Bladder <35% 10%—15% (T2a) 30%—50% 40%—45%
15%-20% (T2b)

Colorectal 3%—10% 10%—30% > 50% > 50%

Ovarian  5%-20% 5%-20% 30%—40% >50%

higher risk of extracapsular prostatic disease and nodal
disease. In patients with prostate cancer, reference to the
Partin normograms can be helpful to the radiologist [21].
These nomograms are based on the preoperative serum
prostate specific antigen, clinical TNM stage, and biopsy
Gleeson score, which are predictive of the histopatho-
logical staging at radical prostatectomy and the likeli-
hood of nodal disease. Hence, a high risk of nodal
disease according to the Partin nomograms should alert
the radiologist to careful nodal survey.

Patterns of tumor spread

A clear understanding of the pathway of tumor spread
allows close scrutiny of the most likely sites of nodal

Fig. 2. (A) T1-weighted and (B) T2-
weighted MRI showing an 8-mm
hypogastric node along the right pelvic
sidewall (arrows) in a 60-year-old man
with prostate cancer. The node
shows near isointensity to muscle on
T1-weighted imaging and appears
mildly hyperintense on T2-weighted
imaging. MRI can identify a greater
number of normal nodes compared to
CT imaging.

Fig. 3. CT imaging showing the typical site of nodal
involvement in a man with a locally advanced prostatic car-
cinoma. Note the enlarged obturator (asterisk) and external
iliac nodes (arrow).

involvement. Prostate carcinoma typically spreads via
lymphatics in the neurovascular bundles to the obtura-
tor, presacral, hypogastric, and external iliac lymph
nodes. Further spread is to the common iliac and par-
aortic nodes. The obturator and external iliac nodes are
commonly involved in 50% and 60% of cases, respec-
tively [22] (Fig. 3). In 10%-30%, the presacral or lateral
sacral nodes are the sole sites of nodal disease.

Bladder cancer spreads to the paravesicle nodes,
which drain into the obturator and external iliac nodes.
The obturator nodes are involved in 75% of cases with
nodal disease [22]. Disease can also spread into the hy-
pograstric and presacral nodes. These pathways eventu-
ally drain into the common iliac and paraotic chain of
lymph nodes.

Nodal dissemination arising from gynecological
malignancies (cervical, ovarian, and uterine) follows a
similar pattern, most frequently to the obturator nodes,
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which is part of the medial chain of the external iliac
nodes. From here, further spread occurs along the
common iliac vessels into the retroperitoneum. Nodal
spread can also involve the hypogastric nodes along the
internal iliac vessels. Less commonly, tumor can track
along the uterosacral ligament into the lymphatic plexus
anterior to the sacrum and coccyx, which in turn drain
into the common iliac nodes located between the com-
mon iliac arteries [23].

In colorectal cancer, right-sided tumors disseminate
along lymph nodes following ileocolic vessels to the
level of the superior mesenteric vein. Left-sided colonic
tumors spread to lymph nodes along the inferior mes-
enteric vessels. Rectal cancers most commonly dissem-
inate to mesorectal nodes and then upward to nodes
along the superior rectal vessels. Of interest is that
compared with diverticulitis, colonic cancer is more
likely to result in enlargement of pericolic mesenteric
lymph nodes [24].

In patients with testicular cancer, lymphatic spread of
disease occurs along lymphatics channels that accom-
pany the spermatic cord. These lymphatic vessels drain
into nodes within the retroperitoneum. Typically, right-
sided testicular tumors would disseminate to the retro-
peritoneal nodes on the right (the precaval, paracaval,
aortocaval, and retrocaval nodes). Left-sided testicular
tumors spread to nodes on the left (preaortic and par-
aortic nodes), usually at or just below the level of the left
renal vein (Fig. 4). Crossover of nodal involvement can
sometimes be seen, more frequently from the right to the
left. More unusually, disease may spread to the so-called
“echelon nodes,” which lie anterior to the iliopsoas
muscle (Fig. 5).

The nodal pathway for malignancy (gastric, pancre-
atic, liver, gallbladder, and bile ducts) in the upper
abdomen is usually into the hepatoduodenal, peripan-
creatic (Fig. 6), and aortocaval nodes [25]. These may be
involved singly or in combination, representing the flow
of lymphatics from the lesser omentum into the retro-
peritoneal. The lymphatic drainage for the kidneys is
variable but generally follows the ipsilateral renal vein to
the paraortic/paracaval lymph nodes.

Fig. 4. Nodal spread from testicular
tumor demonstrated on CT. (A) Left-
sided testicular tumor typically spreads
to left para-aortic node (arrow). (B)
Right-sided tumors usually spread to
precaval, retrocaval, paracaval, or
aortocaval (arrow) nodes.

Fig. 5. CT imaging through the abdomen shows a left
“echelon” node (arrow) lying anterior to the left psoas muscle
in a patient with nonseminomatous germ cell tumor of the left
testis.

The most common site of nodal dissemination in
patients with vulval, penile, and anal cancer is to the
inguinal nodes (Fig. 7).

Details of previous therapy (surgery,
chemotherapy, or radiotherapy)

Knowledge of previous treatment is important since
therapy can modify the pattern of nodal disease
encountered. In prostate cancer, nodal relapse usually
occurs outside the pelvis following radiotherapy or rad-
ical prostatectomy [15]. Similarly, following radical cys-
tectomy for bladder cancer, nodal relapse is more
frequently encountered within the hypogastric (internal
iliac), presacral, and paraortic nodes [26] (Fig. 8). These
represent nodal sites that are not usually subject to nodal
dissection at surgery.

In patients with germ cell tumor of the testes, pelvic
nodes are not usually involved except when (a) there has
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been previous scrotal surgery, (b) the tumor arose in an
undescended testis, (c) the involvement results from ret-
rograde lymphatic spread due to bulky retroperitoneal
nodal disease, or (d) there has been previous retroperi-
toneal nodal dissection (Fig. 9) [27].

Following total mesorectal excision surgery for rectal
cancer, nodal recurrence can occur within the obturator
chain or higher within the retroperitoneum.

CT and MRI findings

Unfortunately, the CT and MRI findings for malignant
Ilymph nodes are frequently nonspecific. The most widely
used criterion to determine whether a node is benign or
malignant is nodal size. However, a substantial propor-
tion of nodes harboring metastases from pelvic and
abdominal cancers is not enlarged beyond the accepted
size for normality. Furthermore, nodal enlargement can
result from reactive nodal hyperplasia or coincidental
diseases. Hence, when using cross-sectional imaging to
evaluate nodal disease, the following parameters should
be assessed in parallel to optimize our ability to detect
malignant nodes.

Site

Nodes should be evaluated to determine if they conform
to the anatomical position of pathway of spread for the
primary tumors. Hence, the importance of a sound
knowledge of the pathway of nodal dissemination cannot
be overemphasized.

Size

The upper limit of maximum short-axis diameter deemed
normal for nodes in the abdomen and pelvis is summa-
rized in Table 1. Nodes measuring > 8 mm in maximum
short-axis diameter on CT and MRI in the pelvis should
be considered enlarged. In the abdomen, for the majority
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Fig. 6. (A) A peripancreatic lymph
node may be difficult to distinguish
from a mass lesion arising within the
pancreas on axial CT imaging. (B)
However, the use of multiplanar
reformats in the coronal planes allows
the anatomical location of the nodal
mass (arrows) to be clearly defined.

Fig. 7. Vulval, penile, and anal cancers most frequently
disseminate to inguinal nodes. CT demonstrates a malignant,
3.5-cm, heterogeneously enhancing left inguinal node (arrow)
with central low density. Note the associated stranding and
infiltration in the subcutaneous tissue.

of cancers, a threshold > 10 mm in maximum short-axis
diameter is considered pathological.

Nevertheless, the size criteria applied can vary be-
tween cancers. A study evaluating different size criteria
(4, 6, 8, and 10 mm) for the detection of nodal metastasis
in testicular cancer [28] showed that using a size thresh-
old of 10 mm resulted in a sensitivity of 37% and a
specificity of 100%. However, with a 4-mm criterion, the
sensitivity was 93% and the specificity was 58%. Hence,
using a smaller size criterion resulted in a reduction in the
false-negative rate of nodal detection, although this was
accompanied by diminished specificity [28]. In our
practice, in the evaluation of a patient with testicular
cancer, a node measuring > 10 mm in maximum short-
axis diameter is considered to be definitely malignant,
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whereas a node that is between 8 and 10 mm in diameter
is considered suspicious (Fig. 10).

Studies in prostate cancer have also shown that by
reducing the threshold of size used, it was possible to
improve the sensitivity but at a risk of reducing the
specificity. Oyen et al. showed that by using 6 mm as the
upper limit of normal on CT, it was possible to achieve a
sensitivity of 78% and specificity of 97% in patients with
prostate cancer [29]. In the same study, it was found that
the specificity could be improved further by performing
cytology from suspicious nodes > 6 mm in diameter [29].

Shape and contour

With the application of multidetector CT, which offers
near-isotropic multiplanar reconstruction, the shape and
contour of nodes can now be readily studied and can aid
in assessment. Round (spherical) nodes have been found
more likely to be malignant compared with ovoid nodes.
This radiological sign has been validated on sonographic
examination, where nodes showing a long-axis versus
short-axis diameter of < 2 mm are more likely to be
malignant [30]. However, the usefulness of this sign on
CT is less certain.

In gastric cancer, it has been shown that malignant
nodes have a significantly higher short- to long-axis ratio
(0.81 versus 0.57), suggesting the usefulness of this sign

Fig. 8. CT imaging of
nodal relapse in bladder
cancer following radical
cystectomy. Nodal
relapse (arrows) may be
observed within the (A)
internal iliac node, (B)
presacral node, and (C)
retroperitoneal node.
The retroperitoneal
node may be the sole
site of nodal relapse in
10% of these patients.
Note also the
heterogeneous
enhancement
associated with the
larger nodes in b and c.

Fig. 9.
section for right testicular nonseminomatous germ cell tumor,
nodal relapse occurred within a right external iliac node (ar-
row). Pelvic nodal disease is unusual in patients with testic-
ular cancer at presentation.

In this 30-year-old with previous retroperitoneal dis-

[31]. However, Lien et al. [32] found that a rounded node
of < 20 mm on CT was not a good predictor of malig-
nancy in patients with early-stage nonseminomatous
testicular tumor. Nodal shape was also shown to be
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Fig. 11.
Guyspatial resolution, T2-weighted MRI demonstrates a 4-mm
node (circled) posterior to the rectum, with irregular outlines
indicating extracapsular extension of metastasis. By com-
parison, a benign 4-mm node with a smooth contour (arrow) is
also visible within the perirectal fat.

Nodal outline. In this man with rectal cancer, high-

unhelpful in the evaluation of nodal disease in pancreatic
cancer [33].

Malignant nodes can exhibit irregular borders related
to extracapsular extension of disease (Fig. 11). On MRI,
irregular nodal contour has been found to be more
accurate than nodal size in determining involvement of
mesorectal nodes in patients with rectal cancer [3].

Number of nodes

A cluster of otherwise normal-appearing nodes may
suggest malignancy. For example, in patients with non-
Hodgkin lymphoma, a cluster of pathological nodes can
sometimes be seen within the root of the small bowel
mesentery. However, the specificity of the sign is low and
can cause a false-positive result [34], particularly in the
pelvis, where nodal asymmetry in not uncommon.

Fig. 10. The threshold of size at
which a node is considered suspicious
may be dependent on the disease and
clinical context. In this man on
surveillance for treated stage | right
testicular cancer, (A) CT imaging
revealed an 8-mm retrocaval lymph
node (arrow), which was deemed
equivocal. (B) Repeat CT imaging at 9
months revealed interval enlargement
of the node (arrow) to 10 mm in
maximum short-axis diameter,
indicating nodal relapse.

Fig. 12. Nodal calcification. In this man with a small transi-
tional carcinoma arising from the anterior wall bladder wall,
note the large left external iliac lymph node. The appearance
of the node parallels that of the primary tumor in CT density.
Calcification (arrows) is also visible in both the primary tumor
and the metastatic lymph node.

Internal nodal architecture

There are a number of internal nodal architectural fea-
tures on CT and MRI which may be helpful in deter-
mining metastatic involvement.

a. Calcifications. Calcifications may be observed within
metastatic nodes arising from ovarian, colorectal,
breast, and bladder cancers (Fig. 12). Nodes may also
show calcifications following treatment. This is
frequently observed in lymphoma and seminoma.

b. Heterogeneous appearance. Large metastatic nodes
frequently appear heterogencous in density on CT
(Fig. 7). The relatively lower-density center may result
from necrosis. On MRI, the detection of central
necrosis, which typically returns a high T2 signal, was
found to have a very high positive predictive value in
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patients with cervical cancer [35]. In patients with

rectal cancer, nodal heterogeneity is a feature of

malignant mesorectal lymph nodes on high—spatial

resolution T2-weighted MRI [3].

. Low-density “cystic” appearance. Metastatic nodes
arising from nonseminomatous germ cell tumor of the
testes frequently exhibit a central low-density
appearance on CT imaging [36] (Fig. 13). These nodes
typically exhibit a high signal intensity on T2-weighted
MRI. There is also evidence to show that solid to
cystic change within a node following chemotherapy
in a patient with nonseminomatous germ cell tumor is
likely to represent mature differentiated teratoma [37].
Nevertheless, low-density nodes are not pathogno-
monic of malignant infiltration, as they may also be
observed in infectious conditions such as tuberculosis
and fungal infections (Fig. 13).

. Contrast enhancement. Lymph nodes are frequently
enhanced with contrast. Inhomogeneous enhancement
of an enlarged node is more likely to indicate malig-
nant infiltration [38, 39] (Fig. 14). Uniform homoge-
neous nodal enhancement may, however, result from
both benign and malignant conditions [38, 39]. Met-
astatic nodes can show contrast enhancement that
parallels the enhancement of the primary tumor and
may reflect the grade and aggressiveness of the pri-
mary tumor [40].
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Fig. 13. Cystic-appearing lymph
nodes. (A) Nodal metastasis arising
from a nonseminomatous germ cell
tumor of the testes frequently shows
central low-density on CT imaging.
However, this appearance is
nonspecific and can be seen in certain
infective conditions. (B) In another
patient with tuberculous
lymphadenitis, note the numerous
enlarged cystic external iliac nodes
(arrows), which appear similar in CT
density to the urinary bladder
(arrowhead).

Fig. 14. Dynamic nodal enhancement. Graphs
showing the uptake of gadolinium-DTPA contrast,
with regions of interest drawn over fat, tumor, and
lymph node. Note that the nodal contrast uptake
parallels that of the primary tumor.

More recently, it has been shown that it is possible to
discriminate between benign and malignant nodes
based on semiquantitative or quantitative analysis of
the rate of nodal contrast enhancement on both CT
and MRI [38] (Fig. 18). Nevertheless, this approach is
still largely confined to the research arena and is not
yet widely practiced due to the considerable demands
on time and expertise.

e. Nodal signal characteristics on MRI. Apart from spe-
cific instances described above, the signal character-
istics of lymph nodes are not useful for discriminating
between malignant and benign nodes on MRI. It has
also been found that it is not possible to distinguish
between malignant and benign lymph nodes by mea-
suring the T1 and T2 relaxation times of the nodes
[41].

f. Fat density. The presence of fat density within a node
indicates benignity (Fig. 15).

Diagnostic accuracy of cross-sectional
imaging for nodal staging

Overall, the diagnostic accuracy of CT and MRI for
nodal staging of cancers in the abdomen and pelvis varies
widely in the reported literature. For pelvic malignancies,
the accuracy of CT and MRI is similar [42—44]. The re-
ported sensitivities range from 40% to 87%, and the
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Fig. 15. Fat density in lymph nodes. CT imaging in this lady
with breast cancer shows a 1.8-cm node in the left para-aortic
space (arrow). Note the presence of a fatty nodal hilum,
suggesting benignity. The CT appearance was unchanged on
follow-up imaging.

specificities from 64% to 100% [29, 42-48]. The diag-
nostic performance of CT and MRI in the upper abdo-
men for nodal staging is also limited. In one study of
gastric cancer, the accuracy of nodal staging using CT
and MRI was 58% and 55%, respectively [17]. In another
study of pancreatic cancer, a sensitivity of 14%, speci-
ficity of 85%, and accuracy of 73% were achieved for
nodal staging [33].

Both conventional CT and MRI are limited by their
ability to detect metastases in normal or minimally en-
larged lymph nodes. The ability to detect nodes has to be
tempered against the clinical importance of detection.
For example, in patients undergoing radical prostatec-
tomy and nodal dissection for prostate cancer, the
diagnosis of metastatic nodal involvement may preclude
surgery and a high specificity is therefore required. By
comparison, nodal staging may be less important in an-
other patient who would be treated by radical radio-
therapy for advanced local disease.

Pitfalls in diagnosis

Normal structures and other pathological processes can
mimic nodal disease. While many of these pitfalls can now
be overcome by the use of thin-section multichannel CT
with multiplanar reformats, some of these can still occa-
sionally cause errors in interpretation. Hence, awareness
of the range and variety of the anatomical structures or
disease entities that can simulate nodal disease is impor-
tant. The common pitfalls in the diagnosis of nodal dis-
ease in the abdomen and pelvis are as listed below.

a. Loops of bowel. Small bowel loops in close proximity
to the retroperitoneum can simulate nodal disease.

b. Normal ovaries. Normal ovaries can simulate external
iliac nodal enlargement. However, these lie medial to
the pelvic fascia and the position of the ureter. By
comparison, the external iliac nodal chain is located
lateral to the parietal pelvic fascia and ureters.

c. Vessels and aneurysms. Blood vessels are most fre-
quently mistaken for lymph nodes. Within the pelvis,
imaging should not be performed in the arterial phase
since unopacified veins can simulate nodal disease
[49]. In the abdomen, unopacified small lumbar veins
likewise can simulate nodal disease. Normal anatom-
ical variants such as left-sided inferior vena cava or
duplicated vena cava can mimic nodal enlargement.
Aneurysmal dilatation of iliac vessels can also be
confused with nodal enlargement, especially on non—
contrast enhanced imaging. In addition, a prominent
cisterna chyli can simulated retrocrural nodal
enlargement [50] (Fig. 16).

d. Lymphocoele. Following surgery, lymphocoeles may
simulate low-density nodal disease. However, knowl-
edge of the site of surgical dissection can help a con-
fident diagnosis to be made.

e. Hematoma and abscess. Postoperative hematomas or
infective collection can also simulate nodal disease.
Again, these resolve with time and can be confirmed
on follow-up imaging.

f. Nerves. The nerves arising from the hypogastric plexus
may simulate nodal disease. In addition, neurogenic
tumors, such as neurofibromas, may also be confused
with enlarged nodes (Fig. 17).

New approaches to nodal imaging

Dynamic CT or MRI may be used to evaluate the uptake
of contrast medium into lymph nodes, providing infor-
mation relating to the vascularity of these nodes [41]. It
has been shown that tumor tissue is characterized by
rapid contrast uptake followed by contrast washout. The
kinetics of the contrast passage through a lymph node
can be visualized by drawing a region of interest around
a node and plotting the change in the CT enhancement
value or the MR signal intensity with time. These data
can be also be subjected to more complex mathematical
modeling, which allows quantitative parameters that re-
flect vascular permeability and vascular blood volume to
be derived.

The enhancement characteristics of malignant nodes
differ from those of normal nodes and can allow these to
be distinguished. Changes in the vascular properties of
nodes may potentially be detected following treatment
with chemotherapy or antiangiogenic agents, prior to a
change in nodal size, thus providing a surrogate marker
for early treatment response.

More recently, lymphotrophic MR contrast agents
have been applied to the evaluation of abdominal and
pelvic lymph nodes on MRI [51-55]. The most widely
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evaluated lymphotrophic contrast is ultrasmall iron
oxide particles (USPIO). The contrast is taken up by
normal nodal macrophages, which results in signal loss
in normal nodes on T2*-weighted MRI (Fig. 18).
Malignant nodes, being macrophage depleted, maintain
a high signal intensity on the postcontrast scan. Early
experience in the use of the agent has demonstrated a
high sensitivity and specificity for nodal staging in
prostate cancer [53].

With the increasing availability of positron emission
tomography (PET), the role of PET/CT in the evaluation
of nodal disease is evolving (Fig. 19). PET imaging has
been shown to be useful in diagnosing nodal disease [56,
57]. However, more importantly, PET/CT has been
shown to be useful in monitoring the effects of treatment
in patients with lymphoma and testicular cancers [58—60].

Conclusions

Cross-sectional CT and MRI are helpful for the visual-
ization of nodes within the abdomen and pelvis. Al-
though the widely used size criterion is limited in its
diagnostic accuracy, nodal staging using these techniques
can be improved by having a clear knowledge and

Fig. 16. (A) A prominent cisterna
chyli (arrow) can simulate (B) a
retrocrural node (arrow) on CT
imaging. However, note that the
cisterna chyli approximates fluid
density on imaging, whereas a node is
usually of higher soft tissue
attenuation.

Fig. 17. A peripheral nerve sheath
tumor (arrow) can simulate pelvic
sidewall nodal disease in CT. However,
in this example, the use of sagittal
reformat shows the relationship of the
mass (arrow) to the sacrum.

understanding of the underlying disease entities and by
applying ancillary criteria in the interpretation of the
images. However, novel imaging methods such as dy-
namic contrast enhanced imaging, MR lymphotrophic
contrast agent imaging, and PET/CT are likely to have a
significant impact on nodal imaging in the future.
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