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Abstract- Lymph node dissection is of prime importance
for accurate staging of colorectal carcinomas. Since a
great number of small lymph nodes are missed in the
traditional method, several fat clearing solutions have
been introduced for easier detection of smaller lymph
nodes. In this study we evaluated the efficacy of a new fat
clearing solution so-called Lymph Node Revealing
Solution (LNRS) in colectomy specimens of patients with
colorectal carcinoma from year 2000 till 2002, thirty five
colectomy specimens with less than 4 metastatic lymph
nodes received in the pathology department of IKMC,
were selected and re-evaluated using the LNRS. By
using this solution 456 additional lymph nodes and 16
more metastatic lymph nodes were detected resulting in
upstaging of 3 patients from Dukes’ B to C. In all patients
categorized as Nx (regional lymph nodes not assessed) by
the traditional method, lymph nodes were detected after
employment of LNRS. The mean diameter of dissected
lymph nodes was significantly smaller than the traditional
method (0.268 versus 0.429, p< 0.000001). LNRS in
comparison with previous solutions is inexpensive, rapid
and easy to use. We propose use of this solution in all
Dukes’ B and patients with no lymph node detection by
traditional method.
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INTRODUCTION

Colorectal carcinoma is one of the most frequent
malignancies of the gastrointestinal tract (1). It is the
second cause of death in the western countries (2).
Pathologic staging is the most important prognostic
factor in colorectal carcinomas (1). There are two
major staging systems for colorectal carcinomas:
Dukes and TNM (Nx= regional lymph nodes not
assessed; NO=no metastatic lymph nodes; N1= one to
three positive nodes; N2= four or more positive
nodes). These two systems can be used inter-
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changeably (3). In both of these systems, the status of
lymph nodes is of paramount importance. It is essen-
tial to obtain as many lymph nodes as possible (3).
For accurate staging the cancer Committee of the
College of American Pathologists recommends that if
fewer than 12 nodes are found with the traditional
methods  (serial  sectioning, inspection, and
palpation), then the use of “visual enhancement
techniques” should be considered (4). The traditional
method is laborious and lymph nodes may be missed
especially those smaller than 5 mm (5). Several
solutions have been used to increase lymph node
yield. These methods result in detecting more and
smaller lymph nodes (5-11). It has been shown that
44% to 78% of lymph nodes containing metastasis
measure 5 mm or less (5,12). So by using these
solutions some of the patients with colorectal
carcinomas have been upstaged, especially from
Dukes’ B to C (5,7,9). Most of the fat clearing
methods are time-consuming and difficult. Recently
an ether-based solution (called Lymph Node
Revealing Solution [LNRS]) has been introduced
which is inexpensive, easy, rapid and innocuous.
This solution is composed of 65% of 95% ethanol,
20% diethyl ether, 5% glacial acetic acid, and 10%
buffered formalin (9). In this study we have
evaluated the efficacy of LNRS in upstaging patients
with colorectal carcinomas.

MATERIALS AND METHODS

In this analytical prospective study, which was
conducted in Imam Khomeini Hospital from July
2000 until January 2002, the colectomy specimens of
about 80 patients with colorectal tumors were
evaluated. Since we wanted to determine the effect of
LNRS on upstaging the patients with colorectal
carcinomas, patients with four or more metastatic
lymph nodes were excluded. Because based on TNM
classification, cases with more than 3 metastatic
lymph nodes being classified as N2 and detecting
more lymph nodes will not change the “N”, patients
with lymphoproliferative disorders, mesenchymal
and carcinoid tumors- that are not classified by TNM
or Dukes’-were also excluded. All patients were
clinically free from distant metastasis (Mo). All
specimens were first routinely handled. Its lumen
was opened, the tumor and the mesocolic fat
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sectioned on the day of arrival and fixed in 10%
formalin overnight. The gross examination was
performed the next day. All lymph nodes in the
pericolic fat were dissected by serial sections,
inspection, and palpations (traditional method). After
studying the slides, cases that fulfilled the inclusion
and exclusion criteria of our study, were entered into
the study. In these cases, the entire pericolic fat was
immersed for six hours in approximately three times
its volume of LNRS. The LNRS composed of 65
percept of 95 percent ethanol, 20 percent diethyl
ether, 5 percent glacial acetic acid, and 10 percent
buffered formalin. Subsequently, the pericolic fat
was washed and sectioned again. The lymph nodes
appeared as white chalky nodules in a background of
yellow fat. All additional detected lymph nodes were
submitted and stained as usual.

RESULTS

After consideration of inclusion and exclusion
criteria 35 cases were enrolled in our study. The
mean age of the patients was 54.2 years with the
standard deviation of 16.5 years. In the traditional
method a total number of 219 lymph nodes were
found in all of the cases, with an average and
standard deviation of 6.26 and 5.90 lymph nodes per
case, respectively. The total number of metastatic
lymph nodes in the traditional method was 22 (0.622
metastatic lymph nodes per case). After application
of LNRS, 456 additional lymph nodes and 16
additional metastatic lymph nodes were detected. The
metastatic rate (number of patients with metastatic
lymph node divided by the total number of patients)
was 31.4% in the traditional method and 42.8% after
consideration of both methods (traditional method
followed by application of LNRS). Although the
metastatic rate increased, the difference was not
statistically significant (p=0.322). The metastatic
incidence defined, as the number of metastatic lymph
nodes divided by the total number of dissected lymph
nodes, in the traditional method was about 10%.
When considering both methods (traditional followed
by LNRS method) this incidence decreased to 5.6%
(p= 0.023). The signi-ficant decrease in metastatic
incidence is due to larger number of dissected lymph
nodes. The average of diameters of dissected lymph
nodes in the traditional and LNRS methods were
0.429 and 0.268 mm, respectively (p<0.0000001).
The minimum diameters of dissected and metastatic
lymph nodes were the same in both methods (0.1 and
0.2 mm, respectively). The maximum diameter of the
lymph nodes dissected in the LNRS method was 0.9
mm. It means that all the lymph nodes larger than 0.9
mm were successfully detected in the traditional
method. The mean diameter of metastatic lymph
nodes in the traditional method was 0.568 mm and
that of the LNRS method was 0.350mm (p=
0.00572). As it has been shown LNRS is useful for
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detecting more and smaller lymph nodes. Figure 1
shows that only 26% of lymph nodes smaller than 5
mm could be detected by the traditional method in
our study, and the rest of the small lymph nodes were
detected by using LNRS. Although metastatic
incidence is higher in the large lymph nodes (13%
versus 4%), more than haif of the metastatic lymph
nodes are small (Fig. 2). It is because of the large
number of small lymph nodes. To evaluate the effect
of LNRS on accurate staging of the patients, we
compared the results of TNM staging before and
after application of LNRS (Tables 1 and 2).

Small lymph nodes (< 5 mm)

26%

O Traditional
O LNRS

74%

Fig. 1. Frequency of the small lymph nodes
detected by the two methods

O<5mm O>or=5mm

Metastatic lymph nodes

[

44.70%

55.30%

Fig. 2. Frequency of metastasis in small lymph
nodes

Table 1. Comparison of the “N” of the TNM staging
before and after LNRS application

Primary N
Nx NO NI Sum
NO 4 16 20
ZNI 1 3 9 13
EN2 0 2 2
“Sum 5 19 11 35




Table 2. Results of TNM staging before and after LNRS

employment
Primary TNM
1 2 3 Unclassified
= (Nx) Sum
z 1 50 0 1 6
H
= 2 011 0 3 14
=
=z 3 0 3 11 1 15
Sum 5 14 11 5 35
DISCUSSION

Our study proved that LNRS could result in
detection of significantly more and smaller lymph
nodes as in other similar studies which used the same
or different fat clearing methods (5-11) Only in one
recent study LNRS failed to show statistically
significant difference from the formalin in the
numbers of total lymph nodes, positive lymph nodes,
or minute (less than 1 mm) lymph nodes found (13).
Three of our patients were upstaged from TNM stage
2 to 3 (i.e.,, from Dukes’ B to C). Another study
which was conducted by Romelia Koren (9) using
the same solution, eight of the patients were upstaged
from Dukes’ B to C which is much higher than our
results. In that study all the Nx cases were considered
as NO, and that seems to be the cause of the observed
differences between these two studies. We
categorized the Nx cases as unclassified in the TNM
staging. After application of LNRS we did not have
any Nx cases. So all of our patients could be
accurately staged by TNM or Dukes’ classifications.
More than half of the metastatic lymph nodes in this
study were smaller than 5 mm. It calls attention to the
importance of small lymph nodes, which can harbor
metastasis. Since more that 70% of the small lymph
nodes were detected only after employment of
LNRS, this solution is valuable in detection of
metastatic lymph nodes. Lymph node revealing
solution is an easy to apply, rapid and inexpensive
solution. The LNRS does not alter the quality of
H&E slides. mmend this method for accurate staging
of colorectal carcinomas especially in Dukes’ B
stages and also when no lymph node is detected in
the traditional method.
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