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Role of methylene blue in detecting the sentinel lymph node
in colorectal cancer: I'n vivo vs. ex vivo technique
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Abstract. The identification of sentinel lymph nodes is
a valuable oncological method, which aims at mapping
lymphatic drainage and has the advantage of correctly staging
the disease and assessing prognosis. Lymph node invasion is
an important prognostic feature. In colorectal cancer, lymph-
adenectomy is not influenced by the positive or negative status
of the sentinel lymph node. The identification of lymph nodes
with possible invasion by staining the primary tumor with
methylene blue can lead to improved staging and management.
In other words, the consequent administration of neoadjuvant
therapy (chemotherapy) to the appropriate patients may result
in lower recurrence rates. Thus, the aim of the present study
was to use methylene blue to identify the sentinel node/nodes in
colorectal cancer and to determine whether the dye-capturing
nodes were invaded by the tumor. This is a non-randomized
prospective study, in which 26 patients with colon cancer
with surgical indication were enrolled. Two types of methods
were utilized: in vivo (16 patients) and ex vivo (10 patients).
The identification rate was 75% for the in vivo technique and
60% for the ex vivo technique, resulting in a 69.26% overall
identification rate. Of 18 patients with sentinel lymph nodes
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identified using dye, routine histological examination detected
metastases in 6 (33.33%) of these patients. In conclusion,
further research should be conducted into how the clinical
application of sentinel node detection can be employed in
colorectal cancer.

Introduction

Colorectal cancer is the third most commonly diagnosed
malignancy worldwide, with approximately 1.9 million new
cases diagnosed in 2020, for both sexes (1). Lymph node status
is the best predictive marker for recurrence and survival in
patients with colorectal cancer (2). The survival rates are
dependent on TNM stage: in Stage I and II the 5-year survival
rates are between 82 and 93%, decreasing to 59% in the
presence of lymph node metastases (Stage III) (3). The main
prognostic factor in colorectal cancer is the lymph node stage.
The 5-year survival rate is approximately 80% in patients with
disease-free lymph nodes but is reduced to 50% in patients
with one metastatic lymph node (4).

Ernest A. Gould introduced for the first time in 1960 the
sentinel lymph node term, while performing a total paroti-
dectomy for a mixed tumor. The lymph node was sent to the
pathologist and the report was ‘lymph node with metastatic
tumor’ (5). Ramon M. Cabanas identified in 1977 the sentinel
lymph node of a penile carcinoma (6). For colon cancer, the
term was introduced in 1999 by Joosten et al in a study on
50 patients (7). However, the study showed a high percentage
of false-negative results.

Lymph nodes that drain directly from the tumor area are
known as sentinel nodes and are believed to be the first site for
metastasis (8).

Positive lymph nodes can be missed when an insufficient
number of lymph nodes are sampled. Although severely
enlarged lymph nodes often contain a tumor, especially when
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they have lost their contour, lymph nodes harboring metastases
are not necessarily enlarged (9).

The sentinel lymph node concept is based on the premise
that lymphatic drainage of tumors initially passes through
a single or small number of lymph nodes prior to spreading
to more distant lymph nodes (10). The sentinel lymph node
is therefore the lymph node most likely to harbor metastatic
cells (11). A review of the subject suggested that an ‘optimal
number of lymph nodes’ is unlikely to exist and depends on a
variety of factors (12).

In melanoma and breast cancer, determining the status
of the sentinel node can prevent unnecessary lymph node
dissection and the associated high morbidity. In colorectal
cancer, knowing the status (positive or negative) of the sentinel
node does not influence the surgical technique of lymph node
dissection as this must be performed completely regardless.
However, it may improve the detection of occult disease
harboring lymph nodes, leading to increased diagnostic
accuracy (13).

In the present study, methylene blue was injected peritu-
morally, both in vivo and ex vivo, with the aim of identifying
the sentinel lymph nodes and mapping the lymphatic drainage
of the tumor. Methylene blue is a monovalent cationic dye with
a molecular formula of C,(H,(CIN,S (14).

Patients and methods

Patient characteristics. This is a prospective non-randomized
study, in which 26 patients (14 female, 12 male) were enrolled,
with ages ranging from 35 to 83 years and clustering in
the 60-79 age interval. The patients were admitted to the 1st
General Surgery Department of the University Emergency
Hospital, Bucharest (Romania) between January 2018 and
February 2020. The present study was approved by the Ethics
Committee of the University Emergency Hospital, Bucharest.
Written informed consent was obtained from the patients prior
to publication.

Inclusion and exclusion criteria. The inclusion criterion was the
existence of a colorectal cancer amenable to curative surgery.

The exclusion criteria were: i) the coexistence of another
malignant tumor (synchronous tumor); ii) the presence of meta-
static tumors; iii) pregnancy or breastfeeding; iv) preoperative
chemotherapy. Methylene blue was used to identify lymph
nodes. Two techniques, in vivo and ex vivo, were employed to
identify the sentinel node and the lymphatic territory.

Method. The aim of the present study was to determine whether
the sentinel node detection technique, already confirmed and
standardized in the surgical treatment of breast cancer and
melanoma (15), is also applicable to colorectal cancer.

For an improved description, the demographic background
was also taken into account, revealing a preponderance of
urban (18 patients) over rural (8 patients) background.

Preoperative evaluation included a complete history,
physical examination, complete blood count, tumor markers
(carcinoembryonic antigen, CA 19-9), serum calcium, total
proteins, albumin. Patients were examined by colonoscopy with
biopsy; the malignancy was confirmed by histopathological
examination, and thereafter a CT scan was performed.

The sentinel node identification relied on injecting 1% meth-
ylene blue either in vivo (in 16 cases) or ex vivo (in 10 cases).
Written informed consent was obtained from each patient prior
to the intravital dye injection. The study was conducted after
being approved by the local bioethics committee.

The surgical techniques employed were right
hemicolectomy (13 cases), extended right hemicolectomy
(1 case), left hemicolectomy (2 cases), Dixon (3 cases), and
Hartmann (7 cases).

Technique for in vivo identification of sentinel node and
lymphatic mapping. The intervention started with exploratory
laparotomy to confirm the site of the primary tumor, to rule out
any distant metastases, and to ensure that no other exclusion
criteria are met.

A total volume of 2 ml of 1% (10 mg/ml) methylene blue
was injected subserosally, 0.5 ml at each cardinal point,
using a 26 Gauge needle syringe. In order to reduce the risk
of spreading tumor fragments into the lymphatic system, no
massage was performed on the tumor after dye injection.

After a time-lapse of 1-10 min following the injection,
the identification of the first lymph nodes became possible by
inspecting the mesocolon (16). The lymphadenectomy area
was established so as to include all the stained lymph nodes;
thereafter the corresponding vascular pedicles were ligated.

After the complete excision of the tumor and the lymph
nodes, the sentinel node was separately sent to the Department
of Pathological Anatomy. The location of the tumor was cecum
(9 cases), ascending colon (4 cases), right flexure (1 case),
descending colon (1 case), sigmoid (5 cases), rectosigmoid
junction (3 cases), and rectum (3 cases). In none of the cases was
the tumor situated in the transverse colon or in the left flexure.

Technique for ex vivo identification of sentinel node and
lymphatic mapping. This technique consists of injecting 1%
(10 mg/ml) methylene blue, 0.25-1 ml in each cardinal point,
15-30 min after removing the excision section from the peri-
toneal cavity (17) and cutting it open on the antimesenteric
area (18). The volume of injected dye varies considerably
(from 0.25 to 5.0 ml) in previously published reports (19-26).

In the present study, the dye was injected subserosally in
a manner similar to that used in the in vivo technique: 0.5 ml
at each cardinal point (amounting to a total of 2 ml), using a
26 Gauge needle syringe.

The sentinel node/s that captured the dye in the first 5-10 min
after injection (10) were marked by suture threads and then
excised and sent separately to the Department of Pathological
Anatomy.

Previous findings suggested that the dye may be injected
submucosally during colonoscopy, with the drawbacks of
elevating the risk for the patient, of being time consuming,
and of lacking a scientifically proven benefit over subserosal
injection during open colon surgery (27).

It seems that cardiovascular disease, diabetes, diabetic
arteriopathy, and the severity of arterial wall calcification are
relevant for the amount of blood perfusion to the colon, as
well as for the dye uptake by the lymph nodes (28,29). To the
best of our knowledge, no studies have investigated a putative
relationship between hypocalcemia and the degree of lymph
node invasion in colorectal cancer.
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Table I. Characteristics of the study group.

No. of lymph nodes

Type of
Case identification Sentinel
no. Location pT pN G  Stage technique Examined Invaded Sentinel invaded
1 Recto-sigmoid pT3 pN2b G2 IIIC Ex vivo 26 10 3 2
2 Sigmoid pT3 pNO G2 1A In vivo 11 0 0 0
3 Sigmoid pT3 pNO G2 ITA Invivo 25 0 1 0
4 Cecum pT3 pNO G2 1A In vivo 17 0 0 0
5 Cecum pT3 pN2a G2 1B Invivo 26 4 2 1
6 Ascending pT3 pNO G3 ITA In vivo 26 0 1 0
7 Recto-sigmoid pT3 pN2b G3 IIIC Ex vivo 23 7 2 2
8 Recto-sigmoid pT3 pNO G2 A Ex vivo 18 0 1 0
9 Ascending pT2 pNO G2 ITA Invivo 12 0 1 0
10 Cecum pT3 pNO G3 1A In vivo 9 0 1 0
11 Sigmoid pT4a pN2b G2 1IIC In vivo 14 14 3 2
12 Sigmoid pT3 pNlb G2 1IIIB In vivo 16 3 1 1
13 Recto-sigmoid pT4a pNO G2 1B Ex vivo 32 0 0 0
14 Sigmoid pT3 pN1 G2 1B Ex vivo 10 1 1 0
15 Cecum pT4a pNlc G1 1IIB Invivo 16 0 1 0
16 Ascending pT4a pNO G2 IIB Exvivo 6 0 1 0
17 Descending pT3 pNib G2 1B Invivo 10 3 1 1
18 Cecum pT3 pNO Gl ITA In vivo 10 0 1 0
19 Cecum pT2 pNO G2 I Ex vivo 17 0 1 0
20 Right hepatic flexure  pT4 pNlc G2 1IIIB Ex vivo 23 0 0 0
21 Cecum pT2 pNO G2 I Invivo 21 0 1 0
22 Middle rectum pT3 pNO G2 ITA Ex vivo 10 0 0 0
23 Cecum pT2 pNO G2 I Invivo 21 0 1 0
24 Cecum pT3 pNO G3 II In vivo 33 0 0 0
25 Middle rectum pT1 pNO Gl I In vivo 2 0 0 0
26 Ascending pT3 pNO G2 A Ex vivo 23 0 0 0

For tumor staging and case classification, we used
the TNM system of the American Joint Committee on
Cancer (AJCC) (30).

Table I presents the characteristics of the study group,
tumor histologic grade, lymph nodes examined and TNM
staging.

Statistical analysis. Fisher's exact test was employed to deter-
mine the statistical significance of the results. All the statistical
computations were performed using the R language and envi-
ronment for statistical computing and graphics version 4.0.3
(R Foundation for Statistical Computing Platform).

Results and Discussion

The in vivo technique is preferred because it has the advantage
of identifying aberrant lymphatic drainage that can guide
lymphadenectomy (31,32). In 18 cases, the sentinel node was
macroscopically identified on the resected section: 12 in vivo
and 6 ex vivo. In 8 cases, no lymph nodes were stained (Table I).

In order to attain a high level of accuracy, 10-12 lymph
nodes should be examined (33,34).

A study performed on 45 patients diagnosed with colon
cancer used a combination of methylene blue and techne-
tium (99mTc). A few minutes after injecting the tracers, the
colon and its mesentery were visually examined for any
blue-stained lymph nodes and a hand-held gamma probe was
employed for detecting areas of high radioactivity. Sentinel
nodes were successfully identified in 43 patients (95.6%) with
a mean of 1.7 nodes/patient (2).

Of the 18 positive cases in the present study, only 1 sentinel
node was identified in the majority, i.e., 14 of the 18 cases,
2 sentinel nodes in 2 cases, and 3 sentinel nodes in the remaining
2 cases (Table I).

The overall identification rate was 69.26% (18/26 cases).
The identification rate was 75% for the in vivo technique
(12/16 cases) and 60% for the ex vivo technique (6/10 cases).
Although the difference was not statistically significant
(P=0.6645, Fisher's exact test) a higher identification rate was
expected owing to the in vivo technique because it has the
advantage of preserved lymph flow as it is performed before the
ligation of the main vascular pedicles, while the ex vivo tech-
nique is inherently plagued by a partially compromised lymph
flow, as it is performed after removing the excision section.
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Methylene blue-stained lymph nodes were microscopi-
cally examined after hematoxylin and eosin staining. Of the
18 patients with dye-identified sentinel nodes, routine histolog-
ical examination demonstrated metastases in 6 cases (33.33%),
of which 3 cases had one tumor-ridden sentinel node, 2 had
2 tumor-burdened out of 3 sentinel nodes, and 1 had 1 invaded
out of 2 sentinel nodes (Table I).

Complete lymphadenectomy was performed in all 26 cases,
regardless of the staining status of the lymph nodes.

The cases in which the lymph nodes were free of metas-
tasis required further evaluation in search for micrometastases
(skip metastases) using immunohistochemistry or reverse
transcription polymerase chain reaction (RT-PCR) techniques,
but these methods are much more expensive, labor-intensive
and/or time-consuming.

Sentinel lymph node biopsy in colorectal cancer is an
extremely controversial issue. The sentinel node identification
by means of 1% methylene blue dying is a feasible, cost-
effective method.

The learning curve is particularly important for increasing
the accuracy of the technique and is responsible for the nega-
tive results in some cases. To increase the rate of sentinel
lymph node/nodes identification by means of methylene blue
staining, a longer learning curve is needed.

For the time being, the clinical application of sentinel
node detection used in breast cancer and melanoma cannot be
successfully transferred to colon cancer. Further studies are
needed to determine the specificity of the technique in this
pathology.
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