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Abstract
Background: Prognostic factors for colorectal carcinomas (CRC)
must be detected to improve treatment. Metastatic spread to the
draining lymph nodes (LN) is one of the most important prognostic
factors for patients with CRC.
The purpose of this study was to determine with in vivo blue dye
injection technique the sentinel lymph node (SLN) and the sentinel
lymph node mapping (SLNM).

Methods: 140 patients who underwent curative resection for
CRC were enrolled. We used for SLNs intraoperative identification the
subserosal blue dye injection in vivo. All identified LNs were stained
and examined by conventional hematoxylin and eosin method.
Results: After in vivo injection, all SLNs were examined by
pathology. The median number of SLNs was 42 with in vivo injection.
The detection rate of SLNs within location and that lymphatic
drainage can be unpredictable at times underscore the importance of
lymphatic mapping to precisely locate the sentinel node.

The SLN identification rate with the blue dye was 81%, with 8,
5% false negative rate, and 15, 3 upstaging rate.

Conclusion: The SLNs with in vivo blue dye subserosal injection
is accurate in CRC. The SLN is sat uniformly peritumoral in location.
The course of false negative SLNs (8, 5%) is a major issue to resolve
before routinely using this technique in CRC management.
Keywords: sentinel lymph node; In vivo lymphography; Colon
carcinoma

Introduction

In 1892 Herbert Snow noted that “the danger lies in
the diffusion of malignant cells. These always implicate the
nearest lymph glands… Palpable enlargement of these glands
is, unfortunately, but a late symptom of deposits. We see the
importance of securing the perfect eradication of these lymph
glands.”

In 1977 Cabanas reported a novel approach to staging
carcinoma of the penis. Martin (1993) studied the blue stained
node in melanoma, characterized as the “sentinel lymph node”,
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as this lymph node was stained with injection of Isosulfan blue
[1-3].

The most prognostic factor for predicting survival in CRC
is the stage of the tumor during initial diagnosis, even though
surgery alone is considered curative in most patients’ cases.
With the disease confined within the bowel wall (AJCC stage I/II),
the survival decreases significantly by about 25-30%, once the
disease spreads beyond the bowel wall to draining lymph nodes
(AJCC stage III).

Therefore, any diagnosis accuracy of nodal metastasis
remains critical for proper prediction of survival and appropriate
therapeutic planning. About 10-25% of patients considered to
have localized disease (AJCC stage I/II) will develop progression
of the disease within five years.
This systematic failure may be multifactorial, but many of
these patients indeed had occult metastasis, which remained
undetected by conventional pathologic examination [4-7].

Various methods have been developed to increase the
incidence of detection of such nodal micrometastases, and most
recently by reverse transcriptase polymerase chain reaction
(RT-PCR) [8]. All of these methods have increased the rate of
detection of lymph nodes metastases in colorectal cancer, but
with an enormous burden to the pathologist in terms of time,
cost and labor work. In this condition, sentinel lymph nodes
(SLNs) mapping technique seems to be an ideal alternative for
the accurate staging of patient’s with colorectal cancer.
Since the 1990’s this technique has been used for accurate
staging of nodal metastasis in multiple solid tumors, including
breast, [9-11] head and neck, thyroid, gastrointestinal,
gynecological [12], lung [13] and colorectal cancer [14, 15].

The SLN is defined as the first to fourth node having direct
drainage from the primary tumor site, and has the highest
potential of harboring micrometastases when present [16].
If the SLNs can be identified during colorectal cancer surgery,
these nodes can be specially tested by the pathologist for a
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detailed analysis by multilevel micro sections, IHC, and RT-PCR
methods [17].

Materials

From January 2004 through December 2014, 140 consecutive
patients with diagnosis of colorectal cancer, preoperatively N0
were prospectively studied with in vivo and ex vivo method for
SLN detection. Preoperatively evaluation for all patients included
a complete history and physical examination, routinely laboratory
studies, including liver function study and carcinoembryonic
antigen (CEA), colonoscopy and CT of the abdomen and pelvis.
In all patient’s, an exploratory laparotomy was performed to
find the extend of the primary tumor and any distinct metastases.
For selective SLN mapping in colorectal cancer, the question is:
how do we do it?

Some mobilization of the bowel along with the paracolic
gutter was needed to deliver the bowel adjoining the tumor,
near the surface. Metastatic dissection was kept at a minimum to
prevent disruption of the lymphatic pathway.

Method

Once the tumor bearing area of the colon was isolated, 1-2 ml
of patient Methylene blue dye 1% was injected subserosal by a
tuberculin syringe, around the primary tumor in 4-th quadrants,
in a circumferential manner (Figure 1).

A)

B)

Figure 1: Methylene blue dye 1%, injected subserosal by a tuberculin
syringe around the primary tumor in 4-th quadrants, in a circumferential manner.

Figure 2: Patient blue dye 1% is being injected subserosally and the
mesentery was injected visually.

Methylene blue dye 1%, injected subserosal by a tuberculin
syringe around the primary tumor in 4-th quadrants, in a
circumferential manner (Figure 1).

Patient blue dye 1% is being injected subserosally around
a tumor in the sigmoid colon of a 70 year female, and the
mesentery was injected visually, to determine the SLNs, which
were identified by uptake of the blue dye within the first 10
minutes of injection (Figure 2).

Care was taken not to inject into the lumen of the colon
or rectum bowel. In low rectal cancer we use for subserosal
transanal injection with a spinal needle. The blue dye travels
quickly from the lymphatic channels to the draining lymphatic
nodes. The SLNs are usually identified within the first five to
seven minutes following the injection. The blue dye travels
quickly from the lymphatic channels to the draining lymphatic
nodes. After identification of the SLN we used two techniques:
first was to marked with suture for future identification (Figure
3) or mapping (Figure 4). After identification of the SLNs, a bloc
resection of carcinomas with lymphadenectomy was performed
in the standard fashion, regardless of results of SLN mapping.
Occasionally a blue node is identified outside of the usual
lymphatic bearing area. This lymph node is considered as an SLN
and included within the margins of the resection. This situation
we have in one patient with transverse colon carcinoma, with
identification of the “skip” dissemination in retrocecal areas of
SLN (Figures 5-7).
Other unusual situation is represented by the presence of

Figure 3: Lymphatic mapping of the colon cancer demonstrating a blue
stained lymphatic channel and sentinel node.

Figure 4: After identification of the SLN we used two techniques: first
was to marked with suture for future identification.

fatty mesentery, required by the limited surgical dissection of the
mesentery fat, to identify the stained LNs. For this clinical study
we have to get approval from ethical commission and from the
patients.

Pathological Examination

The surgical specimens were sent to the pathology in a fresh
state, and each stained LN was considered as an SLN, thus being
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part. The demographic features, tumor location, tumor stage,
site of the tumor and histology are shown in Table 1. The result
obtained with in vivo SLNs mapping are shown in Table 2.

Figure 5: The marked SLN.

The SLN identification rates were 81% with the in vivo
injection, with accuracy in 87% of cases. Of the 72 tumors with
positive SLNs, in 26 cases (36, 1%) the SLNs were the only sites
of metastasis and 4 patients (15, 3%) were upstaged.

False negative SLN mapping were detected in 12 cases, these
cases were located in the right colon, and upper rectum, and all
negative cases had a tumor size greater than p T3 (Table 3).
All but 2 of the 12 false negative cases had a tumor greater
then 5, 0 cm, and greater than pT3. We observed in 14 patients
a failure in the detection of the SLN, 4 of which were directly
associated with technical trouble.
None of the patients presented an adverse reaction associated
with intraoperative methylene blue dye injection.

Discussion

In our analysis, the global sensibility of SLNM was 77%, with
87% accuracy. SLNM is not currently approved for the treatment
of colon cancer, but is tested in clinical trials.
For colorectal cancer we needed to evaluate the extrusion

Figure 6: The resected–mapping SLN.

removed from the specimen, and sectioned grossly at about
2 - 3 mm. If the SLN were negative after standard H-E staining
(hematoxilin-eosin) they were sectioned and examined in four
levels by H-E, or selective cases by IHC (immunohistochemistry).
The presence of 0.2 and 2.0 mm metastases were considered as
micrometastases, and then smaller than 0. 2 mm were considered
as isolated tumor cells.
The presence of micro metastases or isolated tumor cells
after IHC in negative LNs status after H-E staining was defined as
upstaging [15,16]. We defined the accuracy of SLN identification
as the proportion of positive mapping of SLN. False-negative
were the proportion of cases with identification of SLNs and
having SLN without invasion, but tumor-positive SLNs.
We defined upstaging as the proportion of cases with negative
lymph nodes found by H-E, but with micrometastases by
focused examination of the SLN. For statistical analysis we used
a Fisher exact test or X² test, and the Student’s test for interval
scaled variables. All test were performed using SPSS software
(version 150.0 SPSS) INC Chicago (IC USA). A p value ≤ 0.05 was
considered for significant difference.

Results

In the present study 140 patients with colorectal cancer took

Figure 7: Retrocecal “skip” metastasis with SLN in transvers colon carcinoma.
a: colon transverse carcinoma, b,e: skip metastasis around the caecum,
c: SLN and the mesocolon, d: SLN identification int the right mesocolon
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Table 1: Characteristic of patients: N=140.
Characteristics
Age

Serum CEA (mg/ml)
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Patients with in vivo

P value

62 (10.1)

0.256

4.2 (1.6)

0.64

5.9 (14.0)

Tumor size

Primary tumor site:
Right colon
Transverse colon
Left colon
Sigmoid colon
Rectum
T stage:
T1
T2
T3

0.78

47
13
10
46
24

0.52

10
30
100

Nr. of patients

0.190

140

AJCC stage:
I/II
III
Pathology:
Well differentiated
Moderate differentiated
Undifferentiated

62
78

0.952

40
95
5

0.35

Table 2: Results of SLN identification and mapping with in vivo injection technique.
Technique

Detection rate

Nr. of SLNs

Accuracy

Sensibility

False (-) note

Upstaging

In vivo

114/140 (81%)

2, 3+0, 8

120/140 (87%)

107/140 (77%)

12/140
(8.5%)

4/26
(15.4%)

Table 3: 12 Cases with false–negative SLN mapping.
Cases

Nr. of SLN

TNM stage

Lymphatic
vascular invasion

Location

Tumor size (cm)

Histology
(differentiated)

1

2

T3N2M0

+/+

Cecum

5.5

Moderate

3

1

T3N1M0

-/-

Ascendant Colon

6.0

Undifferentiated

2

4

5

6

1

2

3

2

T3N1M0

T3N2M0

T3N1M0

T3N1M0

+/+

Cecum

Flexura Coli Hepatis

5.6

Undifferentiated

+/-

Descendent Colon

5.6

Moderate

Upper Rectum

6.5

Moderate

Sigmoid

3

T2N1M0

+/+

9

2

T3N2M0

+/+

Colon Transverse

+/+

Descendent Colon

10

11

12

2
2

2

3

T3N1M0
T3N1M0

T3N1M0

T3N1M0

Moderate

-/+

+/-

7
8

5.2

+/+
+/+
+/-

of the disease more precisely. It’s not acceptable to miss value
extrusion because there is no other prognostic factor that should
be used to justify the adjuvant treatment our analysis showed
an 8.5% median risk of false-negative results. If we consider
all studies published on breast cancer (65%), where SLN has
been extensively studied, we have the same 8.4% (0-29%) false

Upper Rectum

Ascendant Colon
Sigmoid

negative rate [18].

5

Moderate

3.6
5.6

Moderate
Moderate

5.4

Undifferentiated

5.2

Moderate

5.2

Moderate

In breast cancer SLNM is proposed for T1-T2 tumors [19]. In
the series of CRC(s) we often found more than half of the patients
with T3-T4 tumors [20–24].
In CRC(s) we are shown that a massive lymph node
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involvement was the cause of the high false – negative rate of
SLNM, similar observations were published from others too [25].
Thus, for future studies of CRC it will be necessary to stratify
patients according to their T stage.

Elsewhere, a large study [26] found a higher success rate of
SLNM for colon cancer versus rectal cancer, but nodal upstaging,
skip metastases and occult metastases were similar to the two
sites.

For trials that included more than 100 patients, the false –
negative rate was 6.7% versus 9.0% for trials including fewer
than 100 patients. In the present study with 140 colon and rectal
carcinoma the false – negative rate was 8.3%.
This technique seems operator dependent, and a learning
curve is probably necessary to obtain good results for SLNM.
A study by Paramo et al detailed the number of cases (eight)
required to be sure to obtain reproducible results for CRC [20,21].
No standardization exist concerning the most optimal
technique for SLNM, previous studies with visible dye and
lymphoscintigraphy with in vivo or ex vivo setting, reported
different times of mapping, variable injection sites (subserosal,
submucosal, or peritumoral) and variable a both definitions of
upstaging [27-34].

In a recent multicenter trial [32] the SLNM rate in colon
cancer was 92%, with a false–negative rate of 54%. In this trial 72
patients were enrolled by 25 surgeons at 13 institutions, with 18
surgeons (72%) performing fewer than five SLNM procedures.
In another multicenter study the surgeons performed of blue
dye with a 47-54% false – negative rate [26,33], in contrast with
the results of experienced surgeons in more than 20-30 cases
[15,33,35].

Data on SLNM in rectal cancer are limited and several studies
have shown that SLN detection in rectal cancer is unreliable
[31], the applicability of SLN procedure is highly limited due to
the narrow space around the bulky mesentery, infraperitoneal
location, and complex lymphatic drainage. In infraperitoneal
rectum carcinoma we use the endoanal subserosal injection in the
tumor site. Because we have a limited experience with transanal
injection of the blue dye, in the current study we adopted narrow
indication of rectal cancer patients, and only the cases of the
upper rectum which located above the peritoneal reflection were
eligible to this study.
Isosulfan blue is the popular choice for lymphatic mapping in
CRC, the methylene blue dye is efficacious too and cost effective
as an alternative to isosulfan blue dye [36-43].

With CRC, according to the UICC recommendations, a
minimum of 15 lymph nodes is adequate for accurate PM staging
[44]. Joseph et al noted that the more lymph nodes that were
sampled, the greater was the number of patients upstaging. For
T1-2 lesions, more than 18 LN(s) must be found [45]. Certainly
the number of lymph nodes that should be examined is crucial
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to a proper diagnosis. The meta analysis published from Gaetan
et al. [46] have considered that conventional examination of
selected lymph nodes in a CRC specimen is less informative than
for used examination of SLNs identified during SLNM.
In fact the median rate of patients (9%) who were upstaged
could justify a focused SLN examination. In present study we
have 15.3% upstaging with in vivo SLNM.

Presentation of the false – negative SLN data varies in the
literature [46-50]. The varying definition of SLN positivity is
a major reason for the large discrepancy in reported false –
negative rates [51,52].

The extension of the disease contributes to false – negative
SLN staging as well. Tumor replaced lymph nodes, those with
extra nodal disease extrusion, and nodes directly invaded by
tumor are unlikely to stain blue after peritumoral subserosal
injection of blue dye, because of lymphatic channel obstruction
by tumor [49,53,54].
In tumors located in the rectum, particularly inaccessible
cancers located extra peritoneally or those treated with
preoperative radiation, are associated with high false – negative
results [50,53]. In the in vivo SLNM for rectal cancer, to identify
the blue node, must disrupting the mesenterium specimen
postoperatively. As such rectal cancers have represented only
13% of studies evaluating lymphatic mapping for CRC [55].

A recent prospective multicenter trial demonstrated that
detection rates with sensitivity were significantly influenced by
patient, and disease specific factors [56]. In the present study we
have 12 cases with false – negative results, and the majority of
these were advanced carcinomas with T3 tumor and large (>5
cm), suggesting that the large, and more than T2 tumors may
alter the lymphatic channels and obstruct a duct by tumor cells
or deposits.
For this reason an guideline for the SLNM procedure would
be important to reduce false – negative rates [57–67].

For this study we have a patient accept and the accept from
the ethics commission of the Emergency Academic Hospital.

Conclusion

The present study indicated that SLNM with in vivo method is
accurate in CRC. Based on the results of the present study on the
use of SLNM in CRC patients should use blue dye for reasons of
simplity, be performed by experienced surgeons and pathologists.

The SLN is sat in uniformly peritumoral in location and that
lymphatic drainage can be unpredictable at times, underscore
the importance of lymphatic mapping to precisely locate the SLN.
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