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Abstract
Background: Surgery is the mainstay of treatment in gastric carcinoma management with a
longstanding controversy regarding the extent of lymphadenectomy. Recent studies have
shown 88%sensitivity of Sentinel Node biopsy for patients with gastric cancer. There is a
need for evaluation of this technique using cost effective alternative of methylene blue dye.
Methods: This was a prospective study which included all adults with diagnosis of
carcinoma stomach planned for surgical resection. Intra-operatively, methylene blue dye was
injected into the tumor and the stained lymph nodes were removed along with other visibly
enlarged nodes.
Results: A total of 32 subjects were recruited in the study period. Mean age of the patients
was 56.59 (±12.02) years. Among all the specimens a total of 127 (35%) of 361 lymph nodes
were found to be stained with methylene blue dye. Metastatic deposits were found in 132 of
361 lymph nodes. Bivariate analysis showed 79.52% of the lymph nodes stained with
methylene blue were positive for metastases in contrast to 13.2% among those that remained
unstained (p 0.001).
Conclusion: Sentinel lymph node mapping using methylene blue is a simple, cost and
resource effective technique in all cases of gastric carcinoma undergoing resection, especially
in early gastric carcinoma.
Keywords: gastric carcinoma, sentinel lymph node, methylene blue
Introduction
Gastric cancer is the 6th most common cancer in the world as per WHO and the 3rd leading
cause for death due to cancer worldwide(1).Early diagnosis and treatment are the key to
achieving better outcomes and prognosis. The treatment for gastric cancer is multimodal and
encompasses endoscopic or surgical resection, radiation and chemotherapy based on tumour
invasion and staging. Among the various prognostic factors, lymph nodal metastasis is
significant and is reflected in the current American Joint committee on Cancer (AJCC) TNM
staging system (2). There has been a longstanding controversy regarding the extent of lymph
node dissection in gastric cancer and recommendations have been ever evolving.
Patients who undergo standard gastrectomy with D2 lymphadenectomy suffer a variety of
complications, such as diarrhoea, reflux, dumping syndrome, termed postoperative syndrome
associated with higher rate of mortality and a longer hospital stay than D1 lymphadenectomy
(3). Lymph node metastasis in gastric cancer is proportionate to depth of infiltration of the
primary and seen in less than 20% of T1 and T2 tumour and majority of these cases do not
show nodal involvement (4).
Sentinel lymph node is the first lymph node to which cancer cells are likely to spread from
the primary tumour. The technique of sentinel lymph node mapping (SLNM) and biopsy has
been proven to be useful in breast cancer and malignant melanoma. The feasibility and
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diagnostic reliability of sentinel node mapping of gastrointestinal (GI) cancers, however, are
still unclear and controversial due to extensive interconnections between lymphatic channels
and high incidence of skip metastases (5).Therefore the investigation of the validity of SLNM
in patients with gastric cancer is justified in early stage tumours to avoid unnecessary lymph
node dissection and spare the patient of the morbidity and allow faster recovery (6).
Dye-guided or radio-guided method can be used to identify the sentinel node (SN). Patent
blue, lymphazurin, and Indocyaninegreen are preferably selected in intraoperative time. Dyeguided method has been widely used due to the cost effectiveness and has benefit to detect
the lymphatic vessels as well as lymph nodes. However, it has been reported that the dyeguided method is not suitable for patients with a dense adipose tissue, which would cause a
high false-negative rate (7). Recent studies have showed ICG dye is more suitable for SN due
to its high accuracy rate without the added disadvantage of blue discoloration of the node (8).
A recent meta-analysis by Ryu et al examined the sensitivity of SN biopsy for patients with
gastric cancer (9). SN identification rate and sensitivity were 87.8% and 97.5%. By subgroup
analysis, sensitivity of SN was shown to rely on the number of picked-up SN. They
concluded SN mapping in gastric cancer is not clinically applicable for limited lymph node
dissection due to its insufficient sensitivity and practical differences between surgeons.
There is a need for further evaluation of this technique to assess the incidence of sentinel
node positivity among gastric cancer cases and its applicability in routine clinical practice at a
resource limited centre using cost effective alternative of methylene blue dye. The aim of this
study was to estimate the incidence of sentinel lymph node positivity in carcinoma stomach
and determination of sensitivity of sentinel lymph node biopsy in carcinoma stomach at a
tertiary care centre in South India.
Materials and methods:
Patients and Methods
All patients aged above 18 years diagnosed as malignant gastric lesions and planned for
gastric resection procedures at the Hospitals affiliated to Kasturba Medical College,
Mangalore during the study period November 2018- July 2020 were screened for inclusion.
Those not willing to give consent for participating in the study, below 18 years of age, those
with prior history of allergies to any dyes and pregnant women were excluded.
Sample size calculation
Kitagawa et al have previously studied the utility of sentinel node biopsy in gastric cancer
and estimated the incidence of metastasis at around 38% (7). Using this as the baseline
incidence, the study was powered at 80% and Confidence level of 95%. Accounting for a
10% non response rate, a sample size of 23 patients was calculated.
Data collection
A purposive sampling method was adopted and all eligible patients presenting with newly
diagnosed or previously diagnosed carcinoma stomach during the study period were included
and verbal and written consent was obtained from each of them. Demographic data was
collected from patient records and stored in blinded patient proforma. Patients planned for
total / subtotal or partial gastrectomy, transhiatal esophagectomy for gastroesophageal
junction tumors and palliative gastrectomy or gastrojejunostomy with or without lymph node
dissection were included in the study. The study was cleared by the Scientific and Ethical
committee at Kasturba Medical College, Mangalore, Karnataka (affiliated to Manipal
Institute of Higher Education).
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Technique of Sentinel node mapping and biopsy
Intraoperative subserosal/perilesional injection of sterile methylene blue at 4-6 locations of
the tumor was given and lymph node staining by dye was looked for (Fig 1).First lymph node
to take the dye was considered as sentinel lymphnode(Fig 2). Histopathological analysis of
the lymph node was done along with other lymph nodes dissected during the procedure and
number of lymph nodes with and without metastatic tumor deposits was correlated with
presence or absence of staining.

FIG 1: Injection of methylene blue dye into the tumour (intralesional)

FIG 2: Staining of Sentinel lymph node by methylene blue dye
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FIG 3: Gross specimen of the resected tumour and stained lymph nodes
Data analysis
The collected data was analyzed using SPSS Version 25. Qualitative data was expressed as
frequencies and percentages and quantitative data as mean ± Standard Deviation. Bivariate
analysis was done by chi square test and student’s t-test. The validity of the test was
calculated using cross tabulation and sensitivity, specificity and predictive values.
Results
A total of 32 subjects were recruited in the study period. Accounting for loss to follow up and
drop out, extra subjects were recruited but there was no loss and final analysis included all 32
patients. Among the total 32 patients, 23 (72%) were males and rest were females. Mean age
of the patients was 56.59 (±12.02) years.
The commonest location of tumor in the stomach was at the pylorus accounting for 56% (18
out of 32) cases with antrum and gastro-esophageal junction accounting for 22% (7/32) and
9% (3/32) respectively. The frequency of location of tumors is showed in Table 1. Fundus
and body of stomach were the least common locations.
Among the cases, Distal Gastrectomy with D1 lymph node dissection was the commonest
procedure done in 11 patients (34.3%)followed by Palliative gastrojejunostomy(7/32) and
Subtotal Gastrectomy(7/32) with 21.8% each.(Table 2)
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Among all the specimens a total of 361 lymph nodes were found at Histopathological
examination and among these only 127 lymph nodes (35%)were found to be stained with
methylene blue dye and remaining were unstained.
The presence of metastatic deposits was found in 132 of the total 361 lymph nodes and this
was compared against the presence of methylene blue dye in the nodes (Table 3). The
Bivariate analysisshowed 79.52% of the lymph nodes stained with methylene blue were
positive for metastases in contrastto only 13.2% among those that remained unstained. This
difference was found to be statistically significant (p 0.001).
Tumor site

Frequency

Pylorus
Antrum
Ge junction
Antrum & pylorus
Fundus
Body of posterior wall of stomach

18
7
3
2
1
1

Total

32

Table 1: Distribution of study subjects based on location of tumour
Surgical procedure performed

Frequency

Distal gastrectomy

11

Subtotal gastrectomy

7

Palliative gastrojejunostomy

7

D2 gastrectomy

2

Esophago - gastrectomy

2

Near total gastrectomy

1

Proximal gastrectomy

1

Transhiatal esophagectomy

1

Total

32

Table 2: Frequency of different types of surgeries performed.
Metastatic deposits

Stained (%)

Unstained (%)

Total

Positive

101(79.52)

31 (13.2)

132

Negative

26 (20.5)

203 (86.8)

229

Total (%)

127 (100)

234(100)

361

Table 3: Presence of metastatic deposits compared against staining of lymph nodes
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DISCUSSION
Carcinoma stomach is the 6th most common cancer in the world. Surgery remains the
mainstream therapeutic option for early, locally advanced as well as metastatic gastric
carcinoma for palliation. Surgical options have evolved over the years and new
recommendations are made as evidence becomes available. Previously, eastern Asian
surgeons preferred a radical approach to gastric carcinoma with gastrectomy and extensive
lymph node dissection labelled as the D2 lymphadenectomy (10). This outlook was changed
by the Dutch and Italian studies that showed comparable outcomes and disease control with a
limited D1 lymph node clearance and this was advocated for early cancers. Over the long
term, however, increased rates of recurrence lead to development of D1+ lymphadenectomy
that combined the radicality and conservativeness of the two techniques and provided
justifiable outcomes with limited morbidity (10,11).
Developments in Histopathological analysis of gastric carcinomas and grading of tumours
with studying of disease patterns suggested that low grade tumours tend to follow a linear
path of lymphatic spread along a lymphatic channel primarily draining the tumour bed to a
sentinel lymph node and then further on. Sentinel lymph node mapping(SLNM) is a known
technique in malignancies involving the breast and skin such as melanoma. This thought
combined with minimally invasive procedures for gastric resections lead to an increased
interest in conservative lymphadenectomy in low grade and early gastric carcinoma.
Metastasis to lymph nodes is commonly observed around the regional peri gastric lymph
nodes and various techniques were developed to study lymph node mapping by radioactive
tracer and dye injection techniques for stomach malignancies (11-15).
In our study, 23 out of the 32 patients were males (71.8%) showing the gender predominance
in males for carcinoma stomach. The mean age of presentation was 56.3 years and majority
of patients (43.7%) were above 60 years of age showing that carcinoma of the stomach is a
disease of the elderly presenting after a long period of chronic inflammation and gradual
dysplastic changes leading to development of malignancy. These findings of our study are in
accordance with the known demographic data and risk factors from literature.
Among our patient population, pylorus was the most common involved site in the stomach
with 18 out of 32 patients (56.3%) presenting with pyloric growth and 8 of these(25%)
presented with gastric outlet obstruction. Pylorus is the area of maximum insult to the gastric
mucosa and stasis due to the sphincter mechanism that prevents emptying into the duodenum
rapidly. Hence, majority of gastric tumours present at the pylorus.
In our study majority of patients underwent distal gastrectomy(11 out of 32, 34%) as this is
the treatment of choice for a distal or pyloric gastric malignancy. 7 out of 32 (21%) patients
underwent a subtotal gastrectomy whereas 7 patients (21%) presented with an inoperable
tumour and underwent a palliative drainage procedure in form of gastrojejunostomy. In our
centre we commonly perform a D1 lymphadenectomy for all cases and any other visibly
enlarged nodes along the rest lymph node stations are removed. Extensive D2
lymphadenectomy is routinely not performed due to the associated increased morbidity and
availability of adequate post-operative adjuvant chemo and radiation therapy facilities.
During the study period for all included patients, sentinel lymph node mapping was done by
injection of methylene blue dye intra operatively into the tumour and visible lymph nodes
with staining were dissected along with any other grossly enlarged lymph nodes. All the
lymph nodes removed were sent for histopathological analysis and total of 361 lymph nodes
were identified in all the samples of which 127(35.2%) of nodes were found to have been
stained with methylene blue.
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This overall percentage of dye uptake seems lower than expected but Bivariate analysis
revealed 79.52% of the lymph nodes stained with methylene blue were positive for
metastases in contrast to only 13.2% among those that remained unstained. This difference
was found to be statistically significant (p 0.001). These results are similar to the results of
previous studies where the sensitivity of sentinel lymph node biopsy was found to be between
80-95% (5,6,16). The lower sensitivity in our study could be due to inexperience of our
centre in this new technique and the result of excessive lymph node dissection as compared to
the limited dissections in previous studies which lead to relatively lower percentage of
positive nodes in the sample.
However, the finding that majority of nodes that were not stained by the dye were negative
for metastasis, 203 out of 234(87%) shows that extensive lymph node dissection was not
required in significant number of cases and patients could have been spared the excess
surgical stress.
In our study, we note that the significant positivity of sentinel lymph node biopsy in
identifying metastases among all cases of gastric cancer irrespective of location of tumour
and presentation is a useful finding and will encourage use of the technique in all cases of
gastric carcinoma to tailor the surgical technique to the actual patient disease status instead of
a blanket radical lymphadenectomy. We believe that there is significant evidence to suggest
the utility of SLNM in all cases of gastric resection where lymphadenectomy is planned
especially in early T1 and T2 gastric carcinomas which will limit the extensive procedure and
decrease morbidity to the patient by limiting the operative time, blood loss, injury to vessels
and lymphatic channels and surrounding structures.
The limitation of the study was the relatively smaller number of patients and larger studies
comparing the same are required for further validation of this technique. Also, we used the
methylene blue dye method which relies on visual accuracy for identification of lymph node
and may be prone to observer variation. Indocyanine green based assay maybe more reliable
and accurate.
Conclusion
Sentinel lymph node mapping using methylene blue is a cost and resource effective technique
with relatively easy procedure and should be practiced in all cases of gastric carcinoma
undergoing curative or palliative resection and more importantly in cases of early gastric
carcinoma.
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