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Abstract
AIM: To determine the accuracy o f computed 
tomography (CT) and magnetic resonance (MR) for 
presurgical characterization of paraaortic lymph nodes in 
patients with pancreatico-biliary carcinoma.

METHODS: Two radiologists independently evaluated 
CT and MR imaging of 31 patients who had undergone 
lymphadenectomy (9 metastatic and 22 non-metastatic 
paraaortic nodes). Receiver operating characteristic (ROC) 
curve analysis was performed using a five point scale 
to compare CT with MRI. To re-define the morphologic 
features of metastatic nodes, we evaluated CT scans 
from 70 patients with 23 metastatic paraaortic nodes and 
47 non-metastatic ones. The short axis diameter, ratio of 
the short to long axis, shape, and presence of necrosis 
were compared between metastatic and non-metastatic 
nodes by independent samples t -test and Fisher’s exact 
test. P  < 0.05 was considered statistically significant.

RESULTS: The mean area under the ROC curve for 
CT (0.732 and 0.646, respectively) was slightly higher 
than that for MRI (0.725 and 0.598, respectively) 
without statistical significance (P  = 0.940 and 0.716, 

respectively). The short axis diameter of the metastatic 
lymph nodes (mean = 9.2 mm) was signif icantly 
larger than that of non-metastatic ones (mean = 5.17 
mm, P  < 0.05). Metastatic nodes had more irregular 
margins (44.4%) and central necrosis (22.2%) than 
non-metastatic ones (9% and 0%, respectively), with 
statistical significance (P  < 0.05).

CONCLUSION: The accuracy of CT scan for the 
characterization of paraaortic nodes is not different from 
that of MRI. A short axis-diameter (> 5.3 mm), irregular 
margin, and presence of central necrosis are the 
suggestive morphologic features of metastatic paraaortic 
nodes.

© 2008 WJG. All rights reserved.
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INTRODUCTION
Paraaortic lymph node metastasis in the patients with 
pancreatico-biliary carcinoma has been reported as a definite 
predictor of  early recurrence and shorter survival term, 
despite differences between individual tumors[1-3]. It is very 
difficult to preoperatively predict paraaortic node metastasis 
with imaging, palpation, or intraoperative sonography. 
Therefore it is recommended that sampling and pathologic 
confirmation of  paraaortic nodes should be performed 
before starting radical operation. Many surgeons, including 
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those in our hospital, do paraaortic node dissection before 
radical surgery[4-7]. Although lymphadenectomy followed by 
histologic examination of  the lymph nodes is still the gold 
standard for determination of  metastasis, this procedure is 
invasive and could cause many surgical complications[8-11]. 
Therefore preoperative, noninvasive imaging diagnosis of  
paraaortic node metastasis is very important[12].

Lymph node staging in the various carcinomas has been 
extensively discussed in the previous literature[13-19]. Dorfman 
et al[20] reported that the upper limits of  the normal nodes in 
the upper abdomen are site-specific. Therefore, site-specific 
nodal evaluation is necessary not only due to different 
clinical importance but also due to different morphologic 
criteria for malignancy[21]. To our knowledge, however, there 
have been no radiologic reports on preoperative imaging 
diagnosis with a focus on the paraaortic node.

The purpose of  our study was to compare computed 
tomography (CT) and magnetic resonance (MR) for pre-
operative detecting paraaortic lymph node metastasis in the 
patients with pancreatico-biliary carcinoma and to re-define 
the significant morphologic features of  metastatic ones.

MATERIALS AND METHODS
Patient population 
The protocol for this study was approved by the 
Institutional Review Board at our institution and informed 
consent for this retrospective study was not required. 
From February 2000 to June 2006, 70 patients (37 men, 33 
women; mean age, 62.9 years) with pancreatic head cancer 
(n = 22), ampulla of  vater cancer (n = 16), distal common 
bile duct cancer (n = 24), or gallbladder (GB) cancer (n = 8) 
underwent CT (n = 63) and/or MR (n = 38) imaging. 
The mean interval time between lymphadenectomy and 
imaging evaluation was 16.7 d after CT and 18.3 d after 
MRI. Paraaortic lymphadenectomy was performed in all of  
the patients before or during surgical resection operations. 
Histological examinations revealed metastatic paraaortic 
nodes in 23 patients and non-metastatic nodes in 47 
patients. Both CT and MRI were performed in 31 patients 
with pancreatic head cancer (n = 11), distal common bile 
duct cancer (n = 13), ampulla of  vater cancer (n = 6) or 
GB cancer (n = 1). Nine patients had metastatic paraaortic 
nodes and 22 patients had non-metastatic nodes.

Imaging acquisition
All CT scans were obtained with one of  the following 
commercially available multidetector or single detector CT 
scanners (Somatom Sensation 64, Somatom Sensation 64, 
Somatom Plus 4; Siemens Medical Solutions, Erlangen, 
Germany; Lightspeed Plus or QX/i, GE Medical 
Systems, Milwaukee, Wisconsin). Each patient received 
120-150 mL of  iopromide (Ultravist 300 or Ultravist 
370; Schering, Berlin, Germany) at a rate of  3 mL/s. 
CT scans were obtained during the arterial phase (using 
a 25-35-s delay), portal venous phase (using a 70-75-s 
delay), and equilibrium phase (using a 3-min delay) after Ⅳ 
administration with 3-5-mm section thickness and 3-5-mm 
reconstruction interval.

MRI examinations were performed using a 1.5-T 

imaging system (Gyroscan Intera, Philips Medical Systems 
Best, Netherlands), equipped with commercially available 
phased-array coils (Synergy; Philips Medical Systems, Best, 
Netherlands). Four-hour fasting was recommended before 
the examinations. Antiperistaltic agents or oral contrast 
agents were not used. The MRI protocol consisted of  a 
breath-hold axial T1-weighted dual fast-gradient-recalled-
echo sequence [(TR/in-phase TE, 180/4.6 ms; out-of-
phase TE = 2.3 ms; flip angle, 90°; field of  view, 32-36 cm  
× 25-29 cm; matrix, 240 × 240; section thickness, 7 mm;  
slice spacing, 7.7 mm; one signal acquired; number of  slices 
= 24)]; a single shot turbo spin echo (TR/TE, 452/80 and 
160; field of  view, 32-36 cm × 25-29 cm; matrix, 288 × 230; 
section thickness, 7 mm; slice spacing, 5 mm; scan slices 
were overlapped by 2 mm using an interleaved acquisition 
technique) with spectral fat suppression and respiratory 
triggering technique; and a breath-hold transverse 3D 
gradient echo sequence with fat saturation (TR/TE, 3.9/1.1 
msec; flip angle, 25°; field of  view, 32-36 cm × 25-36 cm; 
matrix, 320/224; section thickness, 3 mm).

Contrast-enhanced MRI was performed using a breath-
hold 3D gradient echo sequence with fat saturation 
sequence, following an Ⅳ bolus of  0.1 mmol gadobenate 
dimeglumine (MultiHance, Bracco SpA, Milan, Italy) 
per kilogram of  body weight followed by a saline flush 
of  30 mL. This sequence was repeated four times with 
data acquisition in the hepatic arterial, portal venous, 
and equilibrium phases. An automatic infusion system 
(Spectris MR injection system, Medrad Europe, Maastricht, 
Netherlands) operating at an injection rate of  2 mL/s 
was used. The actual pulse sequence was started manually 
when the fluoroscopic sequence revealed that the contrast 
material bolus had reached the abdominal aorta. 

Image analysis
All of  the imaging analysis was performed on a picture 
archiving and communication system (PACS) workstation 
(Centricity 1.0; GE Medical Systems). This retrospective 
study was composed of  two parts. To compare the 
diagnostic accuracy of  CT and MRI, two radiologists 
independently evaluated preoperative CT and MR images 
within a 3-wk interval in 31 patients, without knowledge of  
final pathologic diagnosis. They considered the following 
criteria as the primary findings for metastatic nodes: (1) 
short diameter > 9 mm; (2) long axis diameter > 13 mm; 
(3) presence of  necrosis; (4) irregular margin. Reviewers 
graded the paraaortic lymph node on a five-point scale of  
diagnostic confidence: 1, no node; 2, definitely benign; 3, 
probably benign; 4, probably metastatic; and 5, definitely 

metastatic. Diagnostic accuracy was evaluated using 
receiver operating characteristic (ROC) curve analysis 
with a calculation of  the area (Az) under the ROC curve. 
Degree of  interobserver agreement was expressed by a 
Kappa value; a kappa value greater than 0.60 indicated 
excellent agreement, between 0.40 and 0.60 was good, and 
less than 0.40 was poor[22].

Using the CT and MR images, we redefined the 
morphologic criteria of  metastatic nodes by comparing 
them with non-metastatic nodes. Two radiologists 
evaluated the CT scan in consensus for 63 patients (18 
metastatic paraaortic nodes and 45 non-metastatic ones) 
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to record the short and long axial diameter and their ratio, 
margin (smooth or irregular), and the presence of  necrosis 
in the detected paraaortic lymph nodes. The short and 
long axis diameter and their ratio were compared between 
metastatic paraaortic and non-metastatic lymph nodes by 
the independent samples t-test. The margin and presence 
of  necrosis of  metastatic paraaortic lymph nodes were 
compared to those of  non-metastatic nodes by Fisher’s 
exact test. P < 0.05 was considered statistically significant. 
A ROC curve was used to determine the best cut-off  value 
for the short and long axis diameter for differentiation 
of  metastatic from non-metastatic nodes. When multiple 
nodes in the paraaortic region were detected, the largest, 
irregular-shaped, and/or necrotic node was selected and 
defined as a metastatic node. The imaging findings were 
compared with histopathologic results on a per-case basis.

RESULTS
Accuracy of CT and MRI for detecting metastatic paraaortic 
lymph nodes
Interobserver agreement between the two readers for CT 
was excellent (kappa value 0.674; standard error 0.088), but 
that for MRI was poor (kappa value 0.359 ; standard error 
0.157).

The mean area under the two readers’ ROC curve 
for CT (0.732 and 0.646, respectively) was slightly higher 
than that for MRI (0.725 and 0.598, respectively) without 
statistical significance (P = 0.940 and 0.716, respectively) 
(Figures 1 and 2).

Features of metastatic paraaortic lymph nodes on CT
The comparison between non-metastatic and metastatic 

paraaortic lymph nodes on CT is summarized in Table 1. 
The short axis diameter of  metastatic lymph nodes (mean 
= 9.2 mm, 3.8-28.1 mm) was significantly larger than 
that of  non-metastatic lymph nodes (mean = 5.17 mm,  
2.1-11.8 mm, P < 0.05). The long axis diameter of  
metastatic lymph nodes (mean = 13.18 mm, 5-32.1 mm) 
was significantly larger than that of  non-metastatic lymph 
nodes (mean = 8.72 mm, 4.6-22.9 mm, P < 0.05). However, 
the ratio of  the short to long axis of  metastatic lymph 
nodes (mean = 0.70) was slightly larger than that of  non-
metastatic lymph nodes (mean = 0.58) without statistical 
significance (P = 0.284). The margins of  the paraaortic 
lymph nodes were irregular in 8 of  18 patients (44.4%) with 
metastasis (Figures 1 and 2), and 4 of  45 patients (8.9%) 
without metastasis. The presence of  central necrosis was 
seen in 4 of  18 patients (22.2%) with metastasis, but was not 
seen in patients without metastasis. Metastatic nodes had 
more irregular margins (44%) and central necrosis (28%) 
than non-metastatic nodes (9% and 0%, respectively), with 
statistical significance (P < 0.05). 

Based on the ROC curve, we determined that the best 
cut-off  values for differentiating metastatic nodes from non-
metastatic nodes were > 5.3 mm for the short axis diameter 

Figure 1  Metastatic right paraaortic lymph node in a 63-year-
old man with pancreatic head cancer. A: Contrast-enhanced 
CT shows an irregularly shaped lymph node (arrow) with a 
short axis dimension of 11.5 mm that was interpreted as a 
definitely metastatic lymph node; B: Axial T1-weighted MRI 
shows an irregularly shaped lymph node (arrow) with a short 
axis dimension of 8.5 mm that was interpreted as a definitely 
benign lymph node. Pathologic examination revealed that this 
lymph node was metastatic.

Figure 2  Metastatic left paraaortic lymph node in a 51-year-old man 
with pancreatic head cancer. A: Contrast-enhanced CT shows an 
irregularly shaped lymph node (arrow) with a short axis dimension of 
7.2 mm that was interpreted as a probably metastatic lymph node; 
B: Axial contrast-enhanced T1-weighted MRI shows an irregularly 
shaped lymph node (arrow) with a short axis dimension of 7 mm that 
was interpreted as a probably metastatic lymph node; this diagnosis 
was confirmed by lymphadenectomy and pathological examination.

A B

Table 1  Features of metastatic paraaortic lymph nodes on CT

Non-metastatic Metastatic P  value

Mean short diameter 5.17 mm 9.2 mm < 0.05
Mean long diameter 8.72 mm 13.18 mm < 0.05
Mean ratio (short/long) 0.58 0.7     0.284
Irregular margin 9% 44% < 0.05
Necrosis 0% 28% < 0.05
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and > 11.6 mm for the long axis diameter (Figure 3).  
According to the short axis cutoff  of  > 5.3 mm, the 
diagnostic values for metastatic nodes were 77.8% sensitivity 
(95% confidence interval (CI): 52.4%-93.5%) and 66.4% 
specificity (95% CI: 48.8%-78.1%). According to the cutoff  
of  > 11.6 mm for the long axis diameter, the diagnostic 
values for metastatic nodes were 50.0% sensitivity (95% CI: 
26.1%-73.9%) and 91.1% specificity (95% CI: 78.8%-97.5%). 

DISCUSSION
Although CT and MR imaging are well established for the 
staging and follow-up of  patients with malignancy, the 
rates of  accuracy for the detection of  metastatic lymph 
nodes vary widely. It has been reported that the accuracy 
of  CT and MRI for the detection of  lymph nodes in 
patients with cervical carcinoma[23-25] and the evaluation 
of  regional nodes in the patients with rectal cancer[26,27] 
is comparable. Other studies have suggested that CT 
is more specific for detecting positive lymph nodes 
in gynecologic cancers, whereas MR imaging is more 
sensitive[23]. In some reports on the evaluation of  cervical 
cancer, MRI (60%) was reported to be more sensitive than 
CT (43%), whereas the specificities of  the two modalities 
were comparable[28]. Focusing on paraaortic nodes in the 
patients with pancreatico-biliary cancer, our study showed 
that the accuracy of  CT and MRI were comparable. Our 
results revealed that the interobserver agreement for CT 
was excellent, whereas that for MR was poor. This finding 
suggests that the radiologist’s experience is more important 
for evaluating by MRI than CT, although it is generally 
accepted that the tissue contrast with MRI is better than 
that with CT.

Size criteria have been used in the differentiation of  
metastatic from non-metastatic nodes, despite much 
dispute[29]. In past, the maximum short axis diameter of  
a normal lymph node was known to vary on abdominal 
computed tomography, according to the node's location; 
the upper paraaortic region is 9 mm and the lower 
paraaortic region is 11 mm[20]. A recent study for metastatic 
paraaortic nodes in pancreatic cancer shows that the size 
criteria combined with a long axis diameter (12, 10, 8, or 
6 mm) and the axial ratio (0.5, 0.7, or 1.0) have a positive 
predictive value of  13% to 36% and an overall accuracy 
of  66.7% to 78.9%[21]. Therefore it has been concluded 
that morphologic criteria are not useful in the evaluation 
of  metastatic paraaortic nodes. A previous study of  

gallbladder carcinoma, on the other hand, demonstrated 
a high positive predictive value (86%) in the evaluation 
of  metastatic interaortocaval nodes based on the size 
and shape criteria; anterior posterior dimensions of   
10 mm or larger and ring-like or heterogeneous contrast 
enhancement[30]. In our study, there was a statistically 
significant difference between two groups: the mean 
values for the short and long axis diameter of  metastatic 
paraaortic nodes were 9.2 mm and 13.18 mm, respectively, 
whereas those of  nonmetastatic ones were 5.17 mm and 
8.27 mm, respectively. In our study, the best cut-off  value 
for differentiating metastatic nodes from non-metastatic 
nodes was a short axis diameter of  more than 5.3 mm 
(77.8% sensitivity and 66.4% specificity) and a long axis 
diameter of  more than 11.6 mm (50.0% sensitivity and 
91.1% specificity).

It is well known that central necrosis has a very high 
positive predictive value (almost 100%) in the diagnosis 
of  metastasis. Our study also demonstrated that central 
necrosis was seen only in metastatic nodes. However, 
central necrosis may be seen with tuberculosis. Moreover, 
the sensitivity of  central necrosis is very low. In our study, 
irregular margin had a high positive predictive value, 
although it was not pathognomic.

Our study had some limitations. First, it was a 
retrospective study and the parameters of  the CT and 
MRI were not uniform. Second, the imaging findings were 
compared with histopathologic results on a per-case basis 
not on a per-node basis.

In conclusion, we found that the accuracy of  CT and 
MRI were comparable for the evaluation of  paraaortic 
nodes in the patients with pancreatico-biliary cancer. 
Central necrosis, irregular margin, and a cut-off  value 
of  more than 5.3 mm for the short axis diameter and  
11.6 mm for the long axis diameter may be used as the 
criteria for diagnosing metastatic paraaortic nodes on CT 
scan. However, functional studies, such as high-resolution 
MRI with lymphotropic contrast agent, are necessary to 
overcome the limitation of  morphologic evaluation of  
nodes.

COMMENTS
Background
In patients with pancreatico-biliary carcinoma, paraaortic lymph node metastasis 
has a crucial impact on surgical indication or extent of operation. At present, many 
surgeons perform paraaortic lymphadenectomy for accurate assessment and 

Figure 3  Two metastatic paraaortic lymph nodes in a 49-year-old 
man with gallbladder cancer. Axial (A) and coronal (B) contrast-
enhanced CT shows several paraaortic lymph nodes. Among them, 
the right largest node (straight arrow) shows 10 mm and 18.8 mm 
of short and long axis diameters with irregular margin (on coronal 
image), compatible with metastatic node. The left one (dot arrow) 
shows 8.2 mm and 12.2 mm of short and long axis diameters, less 
than the mean value of metastatic ones (9.2 mm and 13.2 mm, 
respectively). According to the best cut-off value of short diameter 
more than 5.3 mm and long axis diameter more than 11.6 mm, 
The left one is also metastatic one rather than non-metastatic 
one. Pathologic examination revealed that two lymph nodes were 
metastatic ones among six resected paraaortic lymph nodes.
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decision for adequate extent of operation. However, because of its invasiveness 
and complications, paraaortic lymphadenectomy for pancreatico-biliary carcinoma 
is controversial.

Research frontiers
Although a comparison between computed tomography (CT) and magnetic 
resonance (MR) has already been performed in cervical cancer, colorectal cancer 
and other malignancy, no studies to date have compared CT with MR in terms of 
detecting paraaortic lymph node metastases from pancreatico-biliary carcinoma. 
The aim of this study is to determine the accuracy of CT and MR for presurgical 
characterization of paraaortic lymph nodes in patients with pancreatico-biliary 
carcinoma.

Innovations and breakthroughs
The results of this study indicate that the accuracy of CT and MR were comparable 
for the evaluation of paraaortic nodes in the patients with pancreatico-biliary 
cancer. The lymph node diameter > 5.3 mm, irregular margin, and central necrosis 
are the suggestive morphologic features of metastatic paraaortic nodes. 

Applications
CT and MR could be used for the selection of candidates for lymphadenectomy in 
the patients with pancreatico-biliary carcinoma.

Terminology
Paraaortic lymph node metastasis in the patients with pancreatico-biliary 
carcinoma has been reported as a definite predictor of early recurrence and 
shorter survival term.

Peer review
This is a very interesting paper, although it is a retrospective study. The idea 
of paraaortic lymph node in pancreatico-biliary is important for evaluation. This 
unique study will be a first step to confirm the results of a prospective study in the 
future.
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