
Abstract. Background: Preoperative diagnosis of lymph node
metastasis is often difficult. A number of different criteria have
been advocated in the literature, however, an optimal criterion
has not yet been determined in patients with rectal carcinoma.
Patients and Methods: Fifty-one patients, undergoing radical
surgery with total mesorectal excision, were examined with
reference to regional lymph node status. MRI and pathological
findings were compared, and an optimal preoperative criterion
was clarified by receiver operating characteristic (ROC)
analysis. Results: Among size, shape and internal structure
criteria, size was a significant factor for diagnosing metastatic
lymph node on MRI. ROC analysis showed that a criterion of
6-mm or larger in the longitudinal axis was the most reliable
in differentiating metastatic and non-metastatic lymph nodes,
with overall accuracy of 78%. Conclusion: A 6-mm
longitudinal diameter criterion is thought to be most optimal
in the evaluation of mesorectal lymph node status in patients
with rectal carcinoma.     

Rectal carcinoma is one of the major malignancies in the

gastrointestinal tract. Significant determinants of patients’

survival are positive involvement of the circumferential

margin and lymph node metastasis (1-4). Recently, magnetic

resonance imaging (MRI) has become one of the promising

diagnostic tools in rectal carcinoma patients. In the

evaluation of depth of tumor invasion, the diagnostic

accuracy of MRI is superior to that of CT scan and almost

equal to that of endorectal ultrasound (5,6). On the other

hand, preoperative diagnosis of lymph node metastasis is

often difficult in spite of the recent refinements of these

imaging studies. There have been a number of different

criteria advocated in the literature (7-18), however, an

optimal criterion has not yet been determined in patients

with rectal carcinoma. Therefore, we conducted this study

to explore an optimal criterion for preoperative diagnosis of

lymph node metastasis in patients with rectal carcinoma by

high resolution MRI.     

Patients and Methods

Fifty-one patients with middle or lower rectal carcinoma,

undergoing radical surgery with total mesorectal excision from July

1997 through June 2001, were studied. All patients were prepared

with enema on the morning of the examination. MRI was obtained

by Magnetom VISION, 1.5 tesla superconducted apparatus

(Siemens, Erlangen, Germany). Sequences obtained were T1-

weighted image (TR:11ms, TE:550ms), T2-weighted image (TR:

3000ms, TE:100ms) and T2 fat-suppression image (TR 3500 ms,

TE 100 ms). The matrix size was 256x192mm for T1-weighted

images and 256x256mm for T2-weighted images. Slice thickness

was 5 mm, and inter-slice gap was 3 mm. During examination,

motion artifacts were reduced by intramuscular administration of

20mg N-butyl-joscina-bromure (Buscopan, Boehringer Ingerheim

Co., Hyogo, Japan). Lymph node status was evaluated mainly on

T2-weighted imaging without enhancement by one of the authors

(A.N.) without knowledge of the findings of colonoscopy with

biopsy, barium enema study and pathological examination. If lymph

nodes were detected in the mesorectum, their number, size (both

longitudinal and transverse axes), shape and internal structure were

recorded. The shape of a lymph node on MRI was categorized as

elliptical (length of longitudinal axis / length of transverse axis ≥2),

round (length of longitudinal axis / length of transverse axis <2),

or irregular. The internal structure of a lymph node was

categorized as homogeneity, minor heterogeneity, or major (more

than or equal to half of lymph node) heterogeneity. The number

of lymph nodes seen in each case was counted, evaluated with

regards to each factor and recorded in the computer data base.

Subsequently, the largest lymph node detected on MRI was used

as a representative of each case.  

All patients underwent rectal resection with total mesorectal

excision (19). Lymph nodes were harvested from surgical specimen

just after the operation, fixed in 10% formalin, sectioned along the
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longitudinal axis and stained with hematoxylin and eosin.

Pathological slides were reviewed by pathologists who had no

preoperative MRI information. On MR films, these measurements

were also obtained and compared with pathological findings. An

optimal preoperative criterion on MRI was clarified by receiver

operating characteristic (ROC) analysis (20-22). 

Statistical analysis was performed using SPSS version 6.1 for

Windows (SPSS Japan Inc., Tokyo, Japan). Univariate analysis was

obtained with the Mann Whitney U-test for numeric data and

Fisher’s exact test for categorized data. Differences were

considered significant when the p value was less than 0.05. To

clarify an optimal criterion, ROC analysis was used. When a ROC

curve approaches nearest to the point (0,1), both sensitivity and

specificity reach their highest value. The area under the ROC curve

was also used for the evaluation of an optimal criterion. When both

sensitivity and specificity are 100%, the area under the ROC curve

indicates value 1, whereas when both sensitivity and specificity are

0%, the area under the ROC curve indicates value 0. 

Results 

Of 51 patients, 26 were men and 25 were women with a

mean age of 62 years. Tumor location was the middle

rectum in 26 cases and lower rectum is 25 cases.

Histological differentiation was well- and moderately-

differentiated in 28 and 20 cases, respectively. The

remaining 2 cases were mucinous carcinoma, while 1 case

was a neuroendocrine tumor. The depth of invasion was T1

in 3 cases, T2 in 5 cases, T3 in 38 cases and T4 in 5 cases.  

Twenty-eight patients had mesorectal lymph node

metastasis pathologically. The number of mesorectal lymph

nodes detected pathologically in each case ranged from 1 to

22, with a mean of 6. The largest lymph node always

contained tumor deposits in patients with lymph node

metastasis. As shown in Figure 1, mesorectal lymph nodes

were detected by MRI in 39 patients, however, no

mesorectal lymph nodes were detected in the remaning 12

patients. The number of mesorectal lymph nodes detected

by MRI in each case ranged from 0 to 17, with a mean of 4.

On the slides for histopathology, the size of mesorectal

lymph nodes ranged from 3 to 30 mm in 39 patients with

lymph nodes detected by MRI, and from 3 to 9 mm in 12

patients with lymph nodes not detected by MRI. The

maximum size of lymph nodes detected pathologically was

larger than that by MRI in 28 patients, whereas it was

smaller than that by MRI in 20 patients. Both sizes were

identical in only 2 patients. 

With these backgrounds, we evaluated the criterion of

predicting mesorectal lymph node metastasis. By univariate

analysis, the average size (longitudinal and transverse axis

diameters) was significantly larger in the lymph node

metastasis (+) group than in the lymph node metastasis (–)

group, whereas other factors did not show any significant

difference (Table I).  
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Figure 1. Rectal carcinoma and lymph node metastasis on MRI. (stage T3,
N1) (T2-weighted imaging, sagittal section). Arrows indicate metastatic
lymph node from 6 to 10 mm in longitudinal diameter with ellipse shape and
minor heterogeneous internal structure. An arrowhead indicates the tumor.

Figure 2. ROC curve of longitudinal axis diameter. A criterion of 6 mm
showed the highest sensitivity, specificity and overall accuracy. 



To clarify optimal diagnostic criterion for diagnosing

lymph node metastasis, ROC analysis was carried out by

categorizing longitudinal and transverse axis diameters

(Table II). A longitudinal axis diameter was the most

reliable criterion. The ROC curve of longitudinal axis

diameter showed that a criterion of 6 mm or larger was the

most optimal for diagnosing lymph node metastasis, with a

sensitivity of 77.8%, specificity of 78.3% and overall

accuracy of 78.0% (Figure 2).       

Discussion 

Preoperative imaging of metastatic lymph nodes is

sometimes inaccurate due to the presence of microscopic

metastasis or inflammatory swelling of lymph nodes. As

reported previously, site-to-site comparison between

pathological and imaging findings is difficult or impossible

(7,12,15,16,23,24). In the present study, the largest lymph

node was used as a representative node of each case,

because the largest lymph node always contained tumor

deposits in patients with lymph node metastasis. Due to

slice interval and inter-slice gap, it may be reasonable that

lymph nodes detected by MRI were smaller in size than

those in pathology. However, in 20 cases in our series,

lymph nodes detected by MRI were larger than those in

pathology. Sampling manipulation and shrinkage at

formalin fixation may contribute to this peculiar finding

(25,26). All these factors may underscore diagnostic

accuracies of imaging studies. From these observations,

whole-mount sectioned histology may be an ideal technique

to handle rectal carcinoma specimens (6,18). 

Preoperative diagnosis of mesorectal lymph node

metastasis is of utmost importance in considering additional

treatments such as preoperative or intraoperative radiation

therapy in patients with middle or lower rectal carcinoma.

For that purpose, endorectal ultrasound and CT have been

widely used. Quite recently, MRI has become a mainstay for

evaluating patients with rectal carcinoma because of its high

resolution imaging and multi-planar images. We have already

reported that pelvic-phased array coil MRI was superior to

endorectal coil MRI in staging advanced rectal tumors (27). 

The maximum diameter of lymph node has long been

used as a diagnostic criterion in MRI studies. Subsequently,

the technical refinements of MRI made it possible to depict

the intrinsic lymph node signal and to improve the

diagnostic accuracy by combining several criteria, such as

size, shape and internal structure, as shown in Table III.

Although these figures are not comparable because
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Table I. MRI findings and lymph node metastasis. 

MRI findings Non-metastasis (22) Metastasis (29) p

Lymph node detection Absent 8 4

(No. of cases) Present 14 25 ns

Size (mm) Longitudinal axis (mean) (range) 4 (0*-18) 10 (0*-30) p<0.05

Transverse axis (mean) (range) 3 (0*-15) 8 (0*-30) p<0.05

Shape (No. of cases) Round 8 10

Ellipse 5 12 ns

Irregular 1 3

Internal structure 

(No. ofcases) Homogeneity 1 0

Minor heterogeneity 3 10 ns

Major heterogeneity 10 15

ns:not significant

*: figure "0" implies that lymph node is not detected by MR imaging.  

Table II. ROC analysis for optimal criterion among 3 categories.

Category Groups Area under ROC curve SE

Category 1 Longitudinal axis 0.776 0.07

Category 2 Transverse axis 0.767 0.07

Category 3 Category 1 or 2 0.759 0.07

SE: Standard Error  



different criteria were used in different series of patients,

combined criteria did not seem to provide better diagnostic

accuracy than a single criterion. For identifying an optimal

criterion, ROC analysis is an indispensable method (20-22).

Previous ROC analyses showed that a 7-mm or 10-mm long

axis diameter criterion was most useful for diagnosing

mediastinal or cervical lymph node metastasis by CT scan

(25,26). A minimum diameter of 9.3mm has been advocated

as a CT criterion for mediastinal lymph node metastasis

from epidermoid lung cancers (28). Our findings in rectal

carcinoma were comparable with previous observations in

different kinds of tumors, even though ROC analysis has

not been reported in previous MRI studies.  

Gualdi et al. and Brown et al. suggested that lymph node

size was not a useful criterion (17,18). Thin slice MRI of 3-

to 4-mm slice interval and 0.4- to 0.5-mm inter-slice gap

could detect a larger number of lymph nodes than ours of

5-mm slice interval and 3-mm inter-slice gap, while internal

structure and shape irregularities of lymph nodes might be

better than size in predicting lymph node metastasis.

However, this technique may be performed only with close

collaboration among surgeons, pathologists and radiologists.

Nevertheless, our overall accuracy was moderate at 78%

and may still be reliable in the preoperative decision making

for adjuvant chemo-radiation therapy. 

Conclusion 

A 6-mm longitudinal diameter criterion is thought to be

optimal in the MRI evaluation of mesorectal lymph node

metastasis in patients with middle or lower rectal carcinoma.  
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