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Background/aims: Sentinel lymph node mapping has become a cornerstone of oncologic surgery because it is a proven method for
identifying nodal disease in melanoma and breast cancer. In addition, it can ameliorate the surgical morbidity secondary to
lymphadenectomy. However, experience with sentinel lymph node mapping for carcinoma of the colon and other visceral malignan-
cies is limited. The purpose of this study was to evaluate the feasibility and reliability of in vivo sentinel lymph node mapping in
patients with colon cancer. Methods: In the period March 2004 through June 2009, 38 patients underwent curative surgery for co-
lon cancer. Thirty-eight patients with intraperitoneal colon tumors undergoing resection were studied prospectively. Sentinel lymph
nodes were identified as the first blue-stained node(s) after in vivo peritumoral injection of Isosulfan blue dye. Results: Detection
of sentinel lymph nodes was successful in 36 out of 38 colon cancer patients. In 94.7% of the patients with colon cancer, at least one
sentinel lymph node was found. No patients had a false negative sentinel node. The sensitivity was 100%, with a negative predicti-
ve value of 100%. Aberrant lymphatic drainage was not identified in any patient. Conclusion: The technique of in vivo sentinel
lymph node mapping is technically feasible with high sensitivity, high negative predictive value, and high accuracy. Although sen-
tinel lymph node mapping did not alter the surgical management of colon cancer, it does make possible a more focused and cost-ef-
fective pathologic evaluation of nodal disease.
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Kolon kanserli hastalarda intraoperatif sentinel lenf nodu haritalamasi:
38 vakalik calisma

Amag: Sentinel lenf nodu haritalamast, melanom ve meme kanserinde nodal hastaligr gostermede kanitlanmais bir metod oldugun-
dan onkolojik cerrahide bir koge tasi olmugtur. Ayrica, lenfadenektomiye bagl cerrahi morbiditeyi diizeltmigtir. Ancak, kolon kar-
sinomu ve diger viseral malignensiler ile ilgili sentinel lenf nodu haritalamast hakkinda deneyim sinirlidir. Bu ¢alismadaki ama-
cimuz, kolon kanserli hastalarda sentinel lenf nodu haritalamasinin yapilabilirligi ve giivenirliligi arastirmaktir. Yontem: Mart
2004 ile Haziran 2009 tarihleri arasinda, kiiratif kolon kanser cerrahisi uygulanan 38 hasta prospektif olarak ¢alismaya alindi.
Tzosiilfan mavi boyasinin in vivo peritiimoral enjeksiyonu sonrasi ilk boyanan lenf nodu veya nodlart sentinel lenf nodu olarak ta-
mimlandi. Bulgular: Kolon kanserli 38 hastanin 36’sinda sentinel lenf nodu bagsart ile belirlendi. Kolon kanserli hastalarin
%94.7’sinde en az bir sentinel lenf nodu tespit edildi. Hi¢bir hastada yalanct lenf nodu yoktu. Sensitivite ve negatif prediktif dege-
ri %100 olarak bulundu. Hicbir hastada aberran lenf nodu drenaji tespit edilmedi. Sonug: In vivo sentinel lenf nodu haritalama
teknigi, sensitivite, negatif prediktif degeri ve yiiksek kesinligi ile yapilabilir bir yontemdir. Sentinel lenf nodu haritalamast kolon
kanserinde cerrahi yontemini degistirmemesine ragmen, nodal hastaliklarda lenf nodlarina odaklanarak ve maliyet-etkin sekilde
degerlendirilmesini saglayabilir.

Anahtar kelimeler: Sentinel lenf nodu, kolon kanseri, lenfadenektomi, aberran lenfatik drenaj

INTRODUCTION

Colon cancer was the seventh most common can- common cancer in men and women (1). It is well
cer in Turkey in 2005. It constitutes the sixth most  known that the nodal status of colon cancer is a
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major survival determinant. The presence of
lymph node involvement signifies stage III disea-
se and a marked decrease in the survival rate com-
pared to stage I and II disease. Thus, the ability to
identify nodal involvement more accurately is an
important challenge in colon cancer (2).

In addition to establishing the prognosis, lymph
node staging determines the adjuvant treatment
strategy. The presence of nodal metastasis is the
primary indication for adjuvant systemic chemot-
herapy. Chemotherapy offers a significant survi-
val benefit for those with colon cancer (2-4). Con-
ventional methods for examining lymph nodes ha-
ve specific limitations and are subject to sampling
error, which increases the risk of understaging.
Since up to 70% of tumor-involved lymph nodes
are less than 0.5 cm in diameter, nodes that con-
tain small metastases can be easily missed in the
gross dissection or microscopic examination (5,6).

The sentinel lymph node (SLN) concept is based
on the premise that lymphatic drainage of tumors
initially occurs through a small number of lymph
nodes prior to draining into the lymphatic basin.
The SLN is therefore the one most likely to harbor
metastatic cells (2). Mapping the SLN may there-
fore help to identify unusual patterns of lymphatic
drainage from a primary tumor site, which could
then designate areas for extended regional
lymphadenectomy. Methods of identifying the
SLN and the value of studying these nodes for evi-
dence of micrometastases have been described for
most solid gastrointestinal tumors. Large multi-
center studies have now validated the use of intra-
operative lymphatic mapping with SLN, in both
melanoma and breast cancer, as a means of elimi-
nating routine elective lymphadenectomy in pati-
ents with clinically normal lymph nodes (7,8).
Work on other solid gastrointestinal tumors, such
as esophageal, gastric and colon cancer, has also
gained ground in the last decade. At present, ho-
wever, no consensus has yet been reached on the
usefulness of SLN for colon cancer. Nevertheless,
it is of interest to explore the use of new prognos-
tic markers to evaluate the progression of this di-
sease (9). Currently, the mainstay of treatment for
non-metastatic colorectal cancer is complete surgi-
cal resection of the tumor-bearing colon, together
with en bloc regional lymphadenectomy (10). As
there is minimal associated complexity or morbi-
dity with lymphadenectomy for this indication,
SLN mapping and biopsy for colon cancer do not
appear to provide any additional information that
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would alter the extent of the operation. Rather,
the principal advantage of SLN mapping in colon
cancer would appear to be the identification of no-
des that can provide the detailed pathologic scru-
tiny necessary for optimizing staging accuracy and
for the upstaging of node-negative patients to no-
de positivity (11,12).

The established method of SLN mapping in colon
cancer is to use just one dye to guide the surgeon
to the sentinel node. Colon cancer sentinel node
mapping has, so far, seen very good accuracy and
identification rates by many authors using only
the dye-guided method (12-15). The most com-
monly used dye is Isosulfan blue. SLN mapping is
carried out through an open procedure by injecti-
on of 1-3 ml Isosulfan blue with a tuberculin syrin-
ge and a 29-gauge needle subserosally in four qu-
adrants around the tumor. The subserosal injecti-
on is carried out before vascular ligation. Within
5-10 minutes (min) after the blue dye injection,
the SLN can be identified by following the blue-
stained lymphatic vessels leading to the blue-stai-
ned SLN. These lymph nodes are tagged with a
long suture. SLNs are defined as the first 1 to 4
blue-stained lymph nodes seen within the regional
basin. After marking of the SLNs, routine resecti-
on is performed.

The purpose of this study was to determine whet-
her SLN mapping is applicable to patients with co-
lon cancer by evaluating the accuracy and predic-
tive value of the SLNs in the pathologic staging of
these patients.

MATERIALS AND METHODS

This study was performed between March 2004
and June 2009 in one regional hospital (Erzurum
Region Education and Research Hospital) and in
one university hospital (Atatirk University, Fa-
culty of Medicine Hospital). Although the opera-
ting teams in these cases were different, the dye-
ing process and SLN marking were carried out by
the same surgeon in all cases. The study was ap-
proved by the local scientific ethics committee
(Ataturk University, Faculty of Medicine ethical
committee decision no. 11, dated 2 April 2004),
and all patients gave informed consent. Only pati-
ents with histologically proven primary colon car-
cinoma were included in the study. Exclusion cri-
teria included stage IV recognized preoperatively
and massive lymph node involvement, including
spreading to the lumboaortic area. Prior gastroin-
testinal surgery and/or the presence of more than
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one tumor were additional exclusion criteria. Sin-
ce preoperative radiotherapy can cause sclerosis
in regional lymph canals, resulting in a reduction
in SLN mapping, patients who had undergone ra-
diotherapy prior to the operation were also exclu-
ded from the study (10,16,17). The presence of rec-
tal cancer was a further exclusion criterion.

Preoperatively, all patients underwent clinical
evaluation, colonoscopy with biopsy and compute-
rized tomography of the thorax and abdomen. An
exploratory laparotomy was performed to find the
extent of the primary tumor and any distant me-
tastases. During initial mobilization of the bowel,
attempts were made to minimize dissection of the
mesenteric peritoneum. Once isolation of the pri-
mary lesion was performed, 1 ml of Lymphazurin
(Lymphazurin 1% in aqueous solution; Ege Uni-
versity Faculty of Pharmacy, izmir, Turkey) was
injected subserosally by a tuberculin syringe aro-
und the primary tumor in a circumferential man-
ner. Occasionally, slightly more than 1 ml of the
dye was needed, i.e., in the case of a large primary
tumor (5 cm). Care was used to ensure that there
was no injection into the lumen of the bowel. In
the technique, lymphatics stained blue within a
few minutes, and the first 1 to 4 blue lymph nodes
were categorized as sentinel nodes. They were re-
moved en bloc with the specimen by a standard
oncological resection of the primary tumor along
with the draining of regional lymph nodes.

Specimens were sectioned and processed within 4
hours of receipt in the laboratory to minimize pos-
toperative movement of blue dye to nonsentinel
nodes. Standard processing of the tumor included
reporting the tumor size and grade, T stage and
surgical margin status. Suture-tagged sentinel no-
des were measured, described and embedded in a
separate cassette. Pathologic review entailed ro-
utine microscopic analysis of the tumor, margins
and all lymph nodes via hematoxylin and eosin
(H&E) staining. Lymph nodes were manually dis-
sected from the mesenteric fat. Routinely, no che-
mical fat clearance methods were used. All identi-
fied lymph nodes were bisected, and a single secti-
on was examined via H&E staining. If results we-
re negative, each marked sentinel node was exa-
mined by a focused technique originally developed
for the examination of SLNs draining colon carci-
nomas (5). The pathologist bisected or sectioned
each sentinel node into slices no thicker than 2-3
mm. Paraffin sections, each approximately 4 pym
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thick, were cut at two levels separated by 200 pm.
One section from each level was stained with
H&E. A false-negative SLN was defined as a sen-
tinel node that contained no tumor cells when one
or more nonsentinel nodes in the specimen were
positive for tumor. Pathological examination was
performed by two of the authors.

RESULTS

Thirty-eight patients with carcinoma of the colon
were studied. Characteristics of the patients and
primary tumors are detailed in Table 1. The mean
patient age was 62.6 years (SD=15.4); the median
age was 54.0 years (range: 32 to 78 years). Male
gender was predominant, at 52.6%. In terms of
TNM staging, the group encompassed 16 stage-II-
I patients (42.1%), 20 stage-II patients (52.6%),
and 2 stage-I patients (5.3%). The average tumor
size was 5.2 cm (SD=4.8), with a median of 5 cm
(range: 2.5-9.5 cm).

The total number of lymph nodes examined by the
routine pathological method was 684, with a mean
of 18 nodes retrieved per patient (684/38). SLNs
totaled 115, with an average of 3.2 nodes per pati-
ent (115/36). At least one SLN (median 3 SLNs)
was found in 36 of the 38 patients (94.7%); no SLN
could be detected in 2 patients. One of the two fai-
led procedures was in a patient with a carcinoma
in the sigmoid colon surrounded by a concurrent
multiple polyposis. The other patient had exten-
ded lymph node metastases with angio-invasion
on pathological examination. All of the 684 nodes,
including 115 SLNs and 569 non-SLNs, under-
went a complete workup using stepwise sections.
The false-negative rate, calculated as the number
of patients with false-negative sentinel nodes (no
patient) divided by the total number of patients

Table 1. Patients and primary tumor characteristics

Sex
Male 20
Female 18
Age
Mean 62.6 years
Histology
Poorly differentiated 4
Moderately differentiated 18
Mildly differentiated 16
Anatomic site
Ascending 13
Transverse 6
Descending 19




with lymph-node metastases (15 patients), was
0.0%. The accuracy of the SLN procedure in this
study was 94.7%, as the pathological status of the
SLN corresponded with the definitive lymph node
status in 36 of the 38 patients. The sensitivity was
100%, with a negative predictive value of 100%.
Table 2 summarizes the lymph node analysis. No
metastases were found in the SLNs of 21 (55.2%)
patients. Of these 21 cases, all other non-SLNs
were also negative for metastatic involvement (0%
false-negative rate). Therefore, we found no evi-
dence of skip metastases to other nodes.

Aberrant lymphatic drainage was not identified in
any patient. Additionally, none of the patients ex-
perienced an adverse reaction associated with in-
traoperative Isosulfan blue dye injection.

DISCUSSION

Determining the status of regional lymph nodes
and minimizing the number of false negatives is of
great importance for correct prognosis and choice
of treatment regimen. Approximately 55% of pati-
ents with colorectal cancer present initially with
disease confined to the wall of the bowel and no
evidence of nodal metastases (stage I or II per the
American Joint Committee on Cancer [AJCC])
(18,19). The necessity for improved staging is ref-
lected by the fact that 20-30% of patients with sta-
ge II colon cancer will eventually die from a local
tumor relapse or distant metastases (13). It is re-
asonable to assume that a considerable percenta-
ge of these patients represent a subset of patients
with occult nodal metastases not detected by con-
ventional histopathological analysis. It is impor-
tant to recognize that lymphatic micrometastasis
is one potential facet of an individual patient’s
multiple prognostic anatomic/pathologic parame-
ters that could be used to determine the risk of re-
currence. The current standard examination is
histopathological evaluation of H&E-stained
lymph node sections, sometimes supplemented by
immunohistochemistry. These methods are time-

Table 2. Analysis of lymph nodes
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consuming, dependent on the supply of skilled
pathologists, and micrometastases might escape
detection since only a few sections of the lymph
node are routinely analyzed. The concept of the
sentinel node has proven useful in the context of
identifying patients with lymphatic metastases
since it can be regarded as being representative of
the whole regional nodal basin, and thus allows
for focused examination of a specific lymph node.
Clearly, accurate staging of patients with colon
cancer is important not only for prognostic purpo-
ses but also to identify those patients who can
truly benefit from adjuvant chemotherapy (20).

Pathological sampling and evaluation of lymph
nodes is controversial and its adoption varies from
hospital to hospital. The optimal number of lymph
nodes necessary for a definitive staging based on
lymph nodes must be at least 12 to 16 (21-23). Ho-
wever, in a metaanalysis carried out in England,
Johnson et al. (24) reported that fewer than 12
lymph node dissections were done in 33.2% of the
cases operated for colon cancer. Thus, insufficient
numbers of lymph node dissections are carried out
in approximately one-third of colon cancer cases.
This indicates a need for new methods that can fa-
cilitate the identification of lymph node metasta-
sis in colon cancer patients.

The SLN concept is based on an orderly, stepwise
progression of tumor cells from the primary site,
through organized lymphatic channels, into the
regional lymph nodes. Once the SLN has been
identified, a dedicated and cost-effective evaluati-
on of the SLN can be performed. When accurate
SLN mapping is combined with a well-performed
oncologic surgery, focused pathological analysis of
the SLN(s) can add to the staging accuracy by
identification of micrometastasis.

The first study in the literature on SLN mapping
in colorectal cancers is the one conducted by Joos-
ten et al. (25) in 1999 with patented blue V dye.
Later, many other studies on this subject were ad-
ded. In the SLN mapping Joosten et al. carried out

Number of patients Percentage
Total number of patients (M/F) 38 (20/18) 100
Patients with identified SLN 36 94.7
Patients with positive lymph nodes with H&E 15 394
Patients with SLN and non-SLN metastasis 21 60.6
Patients with negative SLN and positive non-SLN (false negatives) 0 0

M: Male - F: Female. H&E: Hematoxylin and eosin.
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on 50 consecutive patients with colorectal cancer,
they determined the recognition rate of lymph no-
des to be 70% and the sensitivity to be 45%. Fifte-
en patients whose SLN dyeing was negative were
further subjected to immunohistochemical dyeing,
and metastasis was discovered in 2 of the patients.
With these results, Joosten et al. reported that
SLN mapping was not an effective method for co-
lorectal cancers (25). In a recently published com-
pilation by Cahill et al. (26) of 52 studies conduc-
ted between 2000 and 2008 involving 3,390 pati-
ents, only 5 showed a sensitivity below 50%, whe-
reas in 20 studies, this rate was observed to be
over 90%. Of the 38 patients in our study, SLN
mapping was successful in 36. In our study, the
success rates of SLN mapping were seen to be
100% in the right and transverse colons, and 90%
in the left colon. The reason for the high rate of
success in SLN mapping in our study may be that
the application of dyeing was carried out by the
same physician and that rectal cancers were not
included in the study. Due to the low success rate
of SLN mapping in rectal cancers, Paramo et al.
(19), Waters et al. (27), and Bendavid et al. (28) al-
so excluded rectal tumors from their studies. Dif-
fering results were reported on the determination
rate of false-negative results with SLN mapping.
While very low rates of false-negativity were es-
tablished in most of the studies, a higher rate (0-
75%) was observed in a very small number (2,9,13-
19,22,25,27-35). Bilchik et al. (33), in their study
of 100 cases, reported identifying false-negativity
in 5 of the 40 patients diagnosed with lymph node
metastasis. Of these patients, 3 were stage I1I-IV
patients. They noted that in 4 of these 5 patients,
there was a technical error regarding the dyeing
process, and 3 of them were among the first 30 pa-
tients of the study. Wood et al. (14), similar to Bilc-
hik et al., also established false-negativity in 5 of
44 patients, and reported that in 4 of these 5 ca-
ses, a technical error occurred. They also noted
that these 5 cases were among the first 30 of the
study, and were stage III-IV patients. Tsioulias et
al. (34), in their study in which they applied dye
injections through colonoscopy to 14 patients who
had undergone laparoscopic colectomy, obtained a
false-negative result in 1 patient. In the literatu-
re, it has been reported that in studies where fal-
se-negative rates were relatively high in SLN
mapping of colorectal cancers, the reasons were
mostly technical errors, lack of experience in SLN
mapping, and patients in advanced stages such as
stage III-IV (2,9,13-19,22 25,27-35). While false-
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negative rates were reported as 0-75% in the com-
pilation prepared by Cahill et al. (26), it is obser-
ved that in only 10 of the studies, the false-negati-
ve rate is over 30%. In our study, in conformance
with many studies in the literature, there were no
false-negative cases. The injection of the dye into
the tumor or into the colon lumen, starting colon
resection before or immediately after the dye is in-
jected, damage to the lymphatic canals due to pre-
operative radiotherapy, the primary tumor area
being in the colon or rectum, or insufficient dye in-
jection may be considered to be technical errors
causing false-negative results in the SLN mapping
of colorectal cancers (10). However, since the dye
used for marking is lipophilic, the false-negative
rate could be high, especially in overweight pati-
ents, and therefore the use of this method in over-
weight patients is precluded (35). Cahill et al. (26)
reported that SLN mapping could also cause par-
ticular false-negativity in T3, T4, and larger-volu-
me tumors and, therefore, should only be applied
to specially selected patients.

In the compilation of Cahill et al. (26), although
the success rates are given as ranging between 20-
100% in the studies carried out thus far, they re-
ported that the success rate was below 90% in only
11 of the 52 studies they researched. It has been
observed that in SLN definition, the success rate
increases after the first 5 cases. A study carried
out by Paramo et al. (19) has shown that the lear-
ning curve of 7 surgeons in recognizing lymph no-
des is relative to the consecutive operations they
carry out. They have reported that after the first 5
operations, the lymph node recognition rate is
over 98%. Bilchik et al. (33) reported that in the
SLN mapping they carried out on 100 patients,
technical insufficiencies were observed in the first
50 patients, and of the 5 false-negative results, 3
were among the first 30 cases. In our study, altho-
ugh the operating teams were different, the dye-
ing process and SLN marking were carried out by
the same physician in all cases. We believe the
95% success rate in SLN marking was due to the
same physician recognizing and marking the
lymph nodes in all cases.

The unforeseen and irregular lymphatic spread in
colon cancer from the submucosal lymphatic ca-
nals to the epicolic, paracolic, intermediate, and
paraaortic lymph nodes is called aberrant lympha-
tic spread (10). In studies that have used SLN
mapping, aberrant lymphatic drainage was repor-
ted in 0-10% of the patients (2,9,13-19,22,25,27-



36). In our present study, we had no patients with
aberrant lymphatic drainage. Therefore, no chan-
ges were made in the lymphadenectomy limits in
any of our cases as a consequence of SLN mapping.
Although probable aberrant lymphatic spread may
be detected by SLN mapping in colorectal cancer
patients, the primary role of lymphatic mapping in
colorectal cancer should be upstaging of node-ne-
gative patients to node positivity and a more accu-
rate ultrastaging of patients (12,23). This would al-
low more exact establishment of the limits of the
lymphadenectomy during the operation, thereby
raising the success rate of surgical resection.

In conclusion, our study showed that the SLN
mapping technique is technically simple, highly
accurate, has a short learning curve, and has no
apparent side effects. For colorectal cancers, SLN
mapping carried out by an experienced surgeon
with the proper dyeing technique results in a low
rate of false-negative results, and thus a high rate
of sensitivity. It allows the pathologist to focus at-
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