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Background: Laparoscopic colectomy for colorectal cancer (CRC) has been criticized because of the potential
for inadequate nodal dissection and incomplete staging. Lymphatic mapping (LM) and sentinel lymph node
(SLN) analysis can improve the accuracy of staging in open colectomy, but its utility during laparoscopic
colectomy is unknown.
Methods: Between 1996 and 2002, 30 patients with clinically localized colorectal neoplasms or premalignant
polyps underwent subserosal or submucosal injection of isosulfan blue dye via a colonoscope, via a percuta-
neously inserted spinal needle, or through a hand port. Blue-stained lymphatics were visualized through the
laparoscope and followed to the SLN, which was tagged. The colectomy was completed in standard fashion. All
lymph nodes were stained by hematoxylin and eosin, and multiple sections of each SLN were examined by
immunohistochemical (IHC) staining using cytokeratin antibody.
Results: An SLN was identified laparoscopically in all patients. The SLN accurately predicted the tumor status
of the nodal basin in 93% of cases. In 8 cases (29%), an unexpected lymphatic drainage pattern altered the
extent of mesenteric resection, and in 4 cases (14%), tumor deposits were identified only by IHC and limited to
the SLN.
Conclusions: This study, which updates a preliminary report (Am Surg. 2002;68:561-565) confirms that SLN
mapping during laparoscopic colon resection can alter the margins of resection and may improve staging by
allowing a focused pathologic examination of the SLN, although direct comparison with the "gold standard" of
open CRC with adequate lymphadenectomy will be required. Better ultrastaging of CRC lymph nodes may
more accurately assign patients to prospective protocols to assess the significance of nodal micrometastases or
isolated tumor cells.

The combination of 

lymphatic mapping and 

sentinel lymph node 

analysis continues to 

show promise in 

improving staging 

accuracy in colon cancer.
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Introduction

We recently reported on our experience with the
lymphatic mapping (LM) technique to improve local-
ization and staging of early colon cancer during laparo-
scopic colectomy.1 This update further examines the
feasibility of LM in laparoscopic colectomy (LCR) and
whether sentinel lymph node (SLN) identification can
alter staging or the margins of resection.

Colorectal carcinoma (CRC) is the second leading
cause of cancer-related deaths in the United States,
with more than 57,000 deaths expected in 2003.2 LCR
for CRC is appealing because it is associated with bet-
ter cosmesis, shorter hospital stay, and faster return to
normal activities.3-13 However, these potential advan-
tages must be weighed against the risk of port-site
recurrences,3,8 suboptimal lymphadenectomies,9 and
prolonged operative time. Few long-term results are
available.11-13

Lymph node positivity remains the most important
factor in the selection of patients for adjuvant chemo-
therapy. Even so, one third of node-negative CRCs will
recur. The most likely explanation for failures in such
patients is inadequate lymph node resection and/or
missed nodal metastases on histologic examination.

Lymphatic mapping of the SLN was originally intro-
duced by Morton et al14 to avoid unnecessary lymph
node dissections in melanoma and to improve staging
accuracy. The SLN is the first node to receive lymph
flow from a primary tumor and the most likely site of
early metastasis in the regional nodal basin.14 This tech-
nique has been applied to other solid neoplasms and
has been shown to be effective in the detection of
occult nodal metastases in patients undergoing open
colon resection (OCR) for CRC.15-18 It also can identify
alternate patterns of regional lymphatic drainage.16

Patients and Methods

Patient Population

Our preliminary report in 2002 included 14
patients with clinically localized CRC or premalignant
polyps who underwent colonoscopic tattooing of the
primary site and SLN mapping between 1996 and 2000
at our institute.1 Since then, the series has increased to
include 30 patients (Table 1). All patients had malignant
or premalignant polyps that were partially or complete-
ly removed during colonoscopy, or they had larger neo-
plasms that were biopsied colonoscopically. The diag-
nostic and staging workup included blood tests, chest
radiograph, and computed tomography of the abdomen

and pelvis. Distant metastasis was not evident in any of
the patients enrolled in the study. Informed consent
was obtained from all patients following guidelines of
our hospital Institutional Review Board.

Operative Technique

Our operative technique was similar to that
described by Tsioulias et al.1 Laparoscopic abdominal
exploration was performed to rule out intra-abdominal
metastases. The involved segment of the colon was
mobilized without extensive disruption of the lym-
phatic channels or blood vessels. In 20 patients, LM
was performed by injecting 0.5 to 1 cm3 of isosulfan
blue dye (Lymphazurin, Ben Venue Laboratories, Inc,
Bedford, OH) circumferentially in the submucosa via
intraoperative colonoscopy. In 3 patients who had
undergone preoperative colonoscopic polypectomy
and India ink tattooing of the site, the blue dye was
injected subserosally through a spinal needle inserted
percutaneously during laparoscopy. Seven patients
underwent hand-assisted laparoscopy, and the injection
was performed through the hand port.

In all cases, the primary site and the afferent lym-
phatic channel were laparoscopically visualized, and
the first blue-stained nodes (SLNs) were identified with-
in 1 to 5 minutes after injection. Occasionally, minor
dissection along the blue-stained lymphatic channel
was required to identify the SLN. After each SLN had
been marked with a suture or clip, mobilization of the
colon was completed. The involved segment of colon
and the regional lymph nodes were then resected en
bloc through a mini-laparotomy (Figure) or the incision
made for the hand port. A hand-sewn or stapled anas-
tomosis was performed extracorporeally.

Number of Patients: 30

Gender
Men: 12
Women: 18

Mean Age (yrs) 64 (range 43–91)

Tumor Location
Right colon: 20
Left colon: 10

Mean Tumor Diameter: 2.3 cm (range 0.5–5 cm)

T Stage of Primary Tumor
T0: 6
T1: 14
T2: 4
T3: 6

Table 1. — Key Data on the Patients Undergoing Sentinel Lymph Node
Mapping During Laparoscopic Colectomy for Colorectal Cancer
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The resected specimen was thoroughly inspected
for any additional blue-stained SLNs, which were
marked appropriately. The entire specimen was sub-
mitted for pathologic examination.

Histopathology Protocol

The specimen was processed in a standard fash-
ion for routine microscopic analysis of the primary
neoplasm, margins, and all lymph nodes by hema-
toxylin-eosin (H&E) staining. In addition, each
marked SLN was examined by a focused technique
developed at our institute.19 In brief, the pathologist
measured each SLN and, depending on its size, bisect-
ed it or sectioned it at 2- to 3-mm intervals. Two 4-µm
sections of the paraffin-embedded lymph nodes were
cut at two levels separated by 200 µm. One section
from each level was stained with H&E and another
with cytokeratin immunohistochemistry (IHC-CK)
using the AE-1/AE-3 cytokeratin antibody cocktail
(Dako Corp, Carpinteria, Calif). Slides stained with
IHC-CK were interpreted according to strict histolog-
ic criteria that required strong immunoreactivity com-
bined with microanatomic and cytologic features
compatible with CRC.

Results

Our study included 12 men and 18 women, with a
mean age of 66 years (range 43–91). Twenty primary
neoplasms were in the right colon and 10 were in the
left colon. The mean size of the lesions was 2.3 cm
(range 0.5–5 cm). Six of the primary tumors were stage
T0, 14 were T1, 4 were T2, and 6 were T3 (Table 1).

In 20 cases, colonoscopic identification of the pri-
mary site and blue dye injection was successful (Table
2). Eight patients underwent complete polypectomies,
and in each case the injection of dye during colonos-
copy was helpful in localizing the polypectomy site. In
3 cases with preoperative colonoscopic polypectomy
and tattooing of the site, the blue dye was injected per-
cutaneously during laparoscopy. In 7 patients, the mobi-
lization was performed through a hand-assisted port,and
mapping was successfully performed extracorporeally.

SLN mapping was accomplished without difficulty
in all 30 patients. In 8 cases (29%), LM demonstrated
primary drainage outside the margins of the initially
planned resection. In all of these, at least 1 SLN was
identified deep at the base of the mesentery and result-
ed in a wider mesenteric resection to encompass the
mapped lymphatic channels and SLN(s). In 28 cases
(93%), the tumor status of the SLN correctly reflected
the tumor status of the entire lymph node basin. There
were two false negatives: one in which the lymphatic
channel was obliterated with tumor and hence could
not take up dye, and the second in a T3 cecal tumor. Of
the 28 patients, 6 (21%) had lymph node metastasis. In
4 (14%) of those cases, the SLN was the only tumor-
involved lymph node. In all cases, this node contained
micrometastasis or isolated tumor cells that were
missed by H&E staining but identified by IHC-CK. With
a median follow-up of 15 months, there have been no
port-site recurrences or regional recurrences.

Discussion

Laparoscopic colon resection is widely accepted
for benign colonic disease. However, initial studies of
LCR in CRC raised concerns regarding the oncologic
safety of this method due to reports of port-site recur-
rences, inadequate resections, and incomplete lymph
node harvesting.3,8 Larger and more recent studies

No. of Patients 30
Average Number of Lymph Nodes: 14 (range 2–21)
Average Number of SLNs: 1.8 (range 1–3)
Identification of SLN 30/30 (100%)
Accuracy of SLN* 28/30 (93%)
SLN Only Positive Node 4/28 (14%)
Upstaging Based on SLN** 4/28 (14%)
Unexpected Lymph Drainage 8/28 (29%)

* Accuracy of the tumor status of the SLN as an indicator of the 
tumor status of all regional lymph nodes in the en bloc specimen.
** Tumor missed by hematoxylin-eosin staining but identified by 
cytokeratin immunohistochemistry staining.

Table 2. — Outcomes From Sentinel Lymph Node 
Mapping During Laparoscopic Colectomy

Lymphatic mapping during laparoscopic colon resection.  The colon has
been delivered extracorporeally through a mini-laparotomy incision, and
the primary tumor, lymphatic channel, and sentinel lymph node (all stained
by the blue dye) can be seen.  From Tsioulias GJ, Wood TF, Spirt M, et al.
A novel lymphatic mapping technique to improve localization and staging
of early colon cancer during laparoscopic colectomy.  Am Surg. 2002;
68:561-565.  Reprinted with permission.
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have indicated that the risk of port-site recurrences is
low.7,12,20 Prospective studies are currently investigat-
ing the potential advantages (decreased pain, improved
cosmesis, more rapid resolution of ileus, shorter hospi-
tal stay, and more rapid return to normal activities) and
disadvantages (increased cost, the unknown effect of
pneumoperitoneum on recurrences [including port
sites], prolonged operative time, and inadequate lym-
phadenectomy) of LCR in malignant disease. A recent
comparison of LCR and OCR for CRC reported no port-
site recurrences and similar disease-specific survival at
26 months of follow-up.12 LCR was associated with a
longer procedure time (4 hours vs 2.5 hours for OCR),
a shorter hospital stay (6 days vs 7 days), and an equiv-
alent number of harvested lymph nodes (8 vs 10).
These data are consistent with those of other reports
from American7,20 and international5,10,13 LCR studies. A
much-anticipated randomized study reported that
although there was a small improvement in global qual-
ity of life in patients undergoing LCR vs OCR, the peri-
od of follow-up was too short to comment on disease-
free and overall survival.21 This study concluded that
LCR for malignancy continues to be investigational.

There is little doubt that adequate lymph node
resection followed by careful lymph node analysis is
essential for decision making and may affect survival.22

Inadequate lymph node retrieval during LCR or OCR
and the use of conventional methods to examine
lymph nodes increase the risk of understaging. We
have demonstrated that SLN mapping not only is an
accurate means of identifying the regional lymph
node(s) most likely to harbor metastasis in patients
undergoing OCR, but also can increase the total num-
ber of nodes harvested.16 These results encouraged us
to adapt LM for use during LCR.1 In the present study
an SLN was identified in all patients during LCR and
demonstrated an accuracy of 93%. Importantly, 4 cases
(14%) were upstaged by focused analysis of the SLN
using IHC staining. These early results are consistent
with our OCR LM and SLN data that demonstrate an
accuracy of 85% and upstaging of 15%. The number of
lymph nodes removed (14) was also similar to the
number of nodes during OCR.1

In our OCR LM experience, palpation of the tumor
is necessary to identify the appropriate location for dye
injection. In LCR this is impossible without the use of
a hand-assisted port. Alternatively, the site of blue dye
injection can be identified by preoperative colono-
scopic tattooing with carbon dye. Another option is
intraoperative injection of the blue dye through a
colonoscope. Use of these techniques allowed us to
identify the segment and extent of colon to resect.
Eight (29%) of 28 patients had unexpected patterns of
lymphatic drainage to lymph nodes at the root of the

mesentery beyond the usual field of resection and, in 2
cases with right-sided colon cancer, to the left of the
middle colic artery. The surgical management was
therefore altered to include a more extensive mesen-
teric resection, and in 2 cases, an extended right hemi-
colectomy was performed.

This study of SLN mapping in conjunction with LCR
suggests that the SLN can be accurately identified with-
out adding to the complexity or duration of the opera-
tive procedure. In these cases, LM added an average of
only 15 to 20 minutes to LCR. The most time-consum-
ing aspect of LM was dye injection via intraoperative
colonoscopy. However, as stated above, intraoperative
colonoscopy can be avoided by tattooing the lesion pre-
operatively with a carbon dye. In some cases, the tumor
was tattooed preoperatively via colonoscopy, and the
blue dye was injected percutaneously at the time of
surgery. Percutaneous injection is possible only if the
lesion is visible during laparoscopy, if the lesion has
been tattooed preoperatively,or if a hand-assisted port is
used and the lesion is palpable.

Conclusions

The gold standard for colorectal carcinoma is open
colon resection. The addition of LM has the potential
for improving staging accuracy. In the advancing era of
laparoscopic colectomy, the quality of life advantages
must be weighed against standard oncology practices,
namely, adequate resections and lymph node harvest-
ing. LM and SLN identification offer the ability to
address both of these issues at the same time. As we
have shown, 29% of resections were altered because of
the location of the SLN. In addition, with a 30% recur-
rence rate of node-negative colon cancers, standard sur-
gical and pathology techniques may not be enough.
Labor-intensive and costly analysis of all the lymph
nodes is unnecessary if an SLN is identified. However,
the prognostic significance of micrometastases or iso-
lated tumor cell deposits in this node remains unclear.
Our ongoing prospective trial of LM in colorectal can-
cer should indicate the clinical importance of
micrometastatic nodal disease.
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