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regional lymph node metastases.

s> Background: Removal of malignant tumors with free margins is pivotal in oncological surgery.

- Aims: To verify the correspondence between the histological growth of colon and rectal adenocarcino-
mas and how extensively methylene blue diffuses when injected into peritumoral mucosal tissue to under-
stand if the dye margin can guide the correct margin for tumor removal, and also if there is an association

% between the lymph nodes stained by methylene blue and the presence of metastases.

Methods: This study was conducted with 13 patients with colon or rectal adenocarcinoma. Immediately
H before the operation, all patients underwent colonoscopy and peritumoral methylene blue injection. Radi-
cal resection consisted of the removal of the colon or rectum segment beyond the blue-stained margins,
in a monobloc, with the meso and regional lymph nodes. Tumor margins, peritumoral lymphatic density,
stained margins, and removed lymph nodes were analyzed.

Results: In all operative specimens, tumor-free margins were within the blue-stained area. There was no
association between the presence of metastases and the dye in the lymph nodes examined.

Conclusions: Preoperative peritumoral endoscopic injection of methylene blue spreads the dye beyond the limits of colon
and rectal adenocarcinomas, determining reliable free margins for tumor resection, but does not indicate the presence of
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ARTICLE HIGHLIGHTS

* Removal of small non-palpable tumors with free margins may be
difficult, mainly in mini-invasive surgeries.

* Preoperative peritumoral endoscopic injection of methylene blue
spreads the dye beyond the limits of colon and rectal adenocarcinomas.
* Methylene blue can be identified outside the colon and rectum, de-
termining reliable free margins for tumor resection.

* Methylene blue does not indicate the presence of regional lymph
node metastases.

CENTRAL MESSAGE

Surgical treatment of colon and rectal adenocarcinomas should include
the monobloc resection of the tumor with free margins, the mesorec-
tum and mesocolon, all peritumoral tissue, and the regional lymph
nodes up to the para-aortic and iliac ones. The microscopic growth
of the tumor in the colonic wall usually reaches up to four centime-
ters. Therefore, tumor resection margins are considered complete when
they extend more than five centimeters on macroscopic inspection.
Dye injection into the peritumoral colonic or rectal mucosa spreads
methylene blue through the colon and rectum beyond the microscopic
extent of the cancer.

PERSPECTIVES

Preoperative peritumoral endoscopic injection of methylene blue
spreads the dye beyond the limits of colon and rectal adenocarcinomas,
determining reliable free margins for tumor resection, but does not
indicate the presence of regional lymph node metastases.
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ORIGINAL ARTICLE

Comparative margins between colorectal carcinoma and peritumoral
injected methylene blue

Comparagdo entre as margens do carcinoma colorretal e azul de metileno injetado peritumoral
Priscila Oliveira CARDOSO' (2, Andy PETROIANU!

ABSTRACT

Background: Removal of malignant tumors with free margins is pivotal in oncological surgery. Aims: To verify the correspondence between the
histological growth of colon and rectal adenocarcinomas and how extensively methylene blue diffuses when injected into peritumoral mucosal tissue to
understand if the dye margin can guide the correct margin for tumor removal, and also if there is an association between the lymph nodes stained by
methylene blue and the presence of metastases. Methods: This study was conducted with 13 patients with colon or rectal adenocarcinoma. Immediately
before the operation, all patients underwent colonoscopy and peritumoral methylene blue injection. Radical resection consisted of the removal of the
colon or rectum segment beyond the blue-stained margins, in a monobloc, with the meso and regional lymph nodes. Tumor margins, peritumoral
lymphatic density, stained margins, and removed lymph nodes were analyzed. Results: In all operative specimens, tumor-free margins were within the
blue-stained area. There was no association between the presence of metastases and the dye in the lymph nodes examined. Conclusions: Preoperative
peritumoral endoscopic injection of methylene blue spreads the dye beyond the limits of colon and rectal adenocarcinomas, determining reliable free
margins for tumor resection, but does not indicate the presence of regional lymph node metastases.

Headings: Colorectal Neoplasms. Hereditary Nonpolyposis. Margins of Excision. Methylene Blue. Lymphatic Metastasis. Colectomy.
RESUMO

Racional: A remogao de tumores malignos com margens de seguranga livres de neoplasia é fundamental nas operagdes oncolégicas. Objetivos: Verificar
se hd correspondéncia entre o crescimento histolégico do adenocarcinoma de célon e de retal e a extensdo de infiltragio do azul de metileno injetado
no tecido da mucosa peritumoral, a fim de saber se a margem do corante pode orientar a margem correta de remogio do tumor, e também se existe
associagdo entre os linfonodos corados por azul e a presenga de metdstases. Métodos: Este estudo foi realizado em treze pacientes com adenocarcinoma
de célon ou reto. Imediatamente antes da operagdo, todos os pacientes foram submetidos a colonoscopia e injecao de azul de metileno peritumoral. A
ressecdo radical consistiu na remogio do segmento do célon ou reto para além das margens azuis, em monobloco, incluindo os linfonodos do meso
e regionais. Foram analisadas as margens tumorais, a densidade linfética peritumoral, as margens coradas e os linfonodos removidos. Resultados: Em
todas as amostras operatérias, as margens sem tumor estavam dentro da 4rea corada em azul. Nio houve associacio entre a presenca de metdstases e
do corante nos linfonodos examinados. Conclusdes: A injecio endoscdpica peritumoral pré-operatéria de azul de metileno difunde o corante para
além dos limites do adenocarcinoma de célon e de reto, determinando margens livres confidveis para a ressecco tumoral, mas nio indica a presenca de
metdstases nos linfonodos regionais.

Descritores: Neoplasias Colorretais. Hereditdrias sem Polipose. Margens de Excisdo. Azul de Metileno. Metdstase Linfética. Colectomia.

rectal mucosa to anal squamous epithelium?®''%?!. The Cur-
rent National Comprehensive Cancer Network Guideline rec-
ommends a circumferential margin of five centimeters for total

INTRODUCTION

Surgical treatment of colon and rectal adenocarcinomas

should include the monobloc resection of the tumor with free mesorectal excision and two centimeters for the distal margin

margins, the mesorectum and mesocolon, all peritumoral tis-
sue, and the regional lymph nodes up to the para-aortic and
iliac ones*®!¢. In transverse colon tumors, the greater omen-
tum must also be removed'. Determining cancer-free margins
is essential to prevent residual tumor and protect the patient’s
chance of cure’.

The microscopic growth of the tumor in the colonic wall
usually reaches up to four centimeters. Therefore, tumor resec-
tion margins are considered complete when they extend more
than five centimeters on macroscopic inspection®**?’. In rectal
cancers, the proximal margin must also be wide, but distally, tu-
mor growth may be smaller because of the changing tissue from

in low rectal tumors'. With the progression of minimally in-
vasive surgery, with or without robotic assistance, identifying
tumor margins by palpation is difficult. Therefore, tumor di-
mensions must be visually established for a precise oncological
surgical procedure®®?,

Dye injection into the colonic or peritumoral rectal mu-
cosa can spread through the colon up to a certain distance,
which can be associated with the microscopic extent of the
cancer''¢, Therefore, detecting the dye externally from the
colon can guide the level of tumor resection. In this sense, this
study aimed to verify the correspondence between the histo-
logical growth of colon and rectal adenocarcinomas and how
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extensively methylene blue diffuses when injected into the per-
itumoral mucosal tissue to understand if the dye margin can
guide the correct margin for tumor removal, and also if there is
an association between the lymph nodes stained by methylene
blue and the presence of metastases.

METHODS

This research was approved by the Research Ethics
Committee of the Institution under number 937038. All
patients were invited to participate in the study, and were
included only after they had agreed and signed the In-
formed Consent Form.

The study was performed on 13 patients, nine men and
four women, aged 36 to 82 years (64.5+15.0) with a diagnosis
of adenocarcinoma of the descending colon (3 patients), sig-
moid (5 patients), and rectum (5 patients). All patients had
preoperative confirmation of adenocarcinoma by colonoscopic
biopsy and histological exam.

Immediately before starting the surgery, in the operating
room, a colonoscopy was performed, and 5 ml of methylene
blue was injected into the mucosa circumferentially around
the entire tumor. Then, the tumor was removed in monobloc
with surgical margins encompassing the entire tissue stained
in blue, along with the mesocolon and mesorectum, peritu-
moral tissue, and regional lymph nodes up to the origin of
the colon and rectum arteries from the iliac artery and aorta.
The operations were performed through laparoscopy in seven
patients and laparotomy in the other six patients. The surgical
specimen was opened, and it was confirmed that the removal
of the colon and rectum included the macroscopic limits of
the tumor and all methylene blue margins. Margins on the
fresh surgical specimen were measured in millimeters, using a
millimeter ruler (Figure 1).

The monobloc surgical specimen was fixed in 10% buff-
ered formaldehyde solution, processed according to the
anatomopathological routine, and stained with hematoxylin
and eosin. A single pathologist conducted the histological
examination. The histological margins of the cancer were re-
corded, considering its depth, angiolymphatic and perineural
invasion, area of tumor necrosis, tumor budding (islets of

undifferentiated tumor cells around the larger tumor), intra

Figure 1. Image of sigmoid segment containing adenocar-
cinoma [arrow]. Note the methylene blue that was injected
peritumorally immediately before surgery, delimiting the re-
section margins [*].

and peritumoral lymphocyte infiltrate, and the presence of
lymph node metastases. The distal and proximal margins of
the tumor were analyzed by immunohistochemistry with an-
ti-D2-40 antibody. The density of lymphatic tissue markers
was quantified from the tumor in the proximal and distal tu-
mor margins. To assess the density of peritumoral lymphatic
tissue, the area with the highest lymphatic density was chosen
by D2-40 (hot spots) with a 40X objective. Then, the vessels
were counted, extending the count to adjacent fields, until an
area of 1 mm? was reached. A 400X objective was used. All
the microscopic limits of colon or rectal adenocarcinoma were
compared with the macroscopic limits of methylene blue in
the surgical specimen. Each lymph node was processed, and
the presence of metastases was established in the histological
sections. Lymph nodes with metastases and all blue-stained
lymph nodes were recorded.

For the statistical analysis, the Statistical Package for Social
Sciences version 20.0 for Windows, SPSS Incorporation, Chi-
cago, Illinois, United States of America, and Microsoft Office
Excel 2007 were used. A descriptive analysis of the variables
used in the study was performed, and qualitative or categori-
cal variables were tabulated for frequency distribution. A t-test
for paired samples was used to assess global lymphatic density
in relation to the pathological stage of the colon neoplasm.
Parametric continuous variables were presented as means and
standard deviation of means. The difference corresponding to
p<0.05 was considered significant.

RESULTS

Tumor staging after surgery and pathological examina-
tion was I (three patients), IIA (seven patients), IIIB (one
patient), and IVA (two patients). Histologically, the adeno-
carcinoma was intestinal (12 patients) and mucinous (1 pa-
tient). Peritumoral lymphocytic infiltrate was present in ten
patients. Vascular and perineural invasion was found in only
one patient. Invasion of the colorectal wall reached the mus-
cular layer in three patients, the serous layer in one patient,
and pericolonic fat in nine patients. More than 12 lymph
nodes were present in the surgical specimens. In three pa-
tients, metastases were found in three, three, and two lymph
nodes, respectively.

All surgical specimens had tumor-free margins within the
methylene blue area, which extended to 50 mm. Neoplastic
cells were found up to 20 mm distally and 15 mm proximally
beyond the macroscopic margins of the adenocarcinomas. The
density of peritumoral lymphatic tissue reached up to about
40 mm distally and 35 mm proximally to the macroscopic di-
mensions of the tumors. Therefore, more than 10 mm beyond
the histological limits of the tumors are within the methylene
blue-stained area. The margins outlined by the dye were more
extensive than the histological and peritumoral lymphatic
density margins in all cases.

Methylene blue was present in several lymph nodes with-
out metastases, but not in all of them. The dye was found in six
of the eight lymph nodes with metastases. Some lymph nodes
were stained on the inside, but the blue color was not visible
on the outside. Therefore, no association between the presence
of metastasis and the dye was found, and the presence of the
dye inside a lymph node did not necessarily mean it was visible
from the outside.
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DISCUSSION

Removing the tumor with clear margins is a fundamental
oncologic principle in curative-intent surgeries and deter-
mines the complementary postoperative procedures, indicat-
2561626 Tn addition

to tumor, node, and metastasis (TNM) staging, there are

ing prognosis, morbidity, and mortality

several histological aspects to consider about tumor margins,
including tumor budding, angiolymphatic infiltration, peri-
neural invasion, and tumor and peritumoral lymphangiogen-
esisl,3,]2,14,17,22,24,27.

In colon and especially in rectal adenocarcinomas, the
extension of the distal margin is a controversial topic in the

literature>1619:21

. Intramural distal growth of the rectal tumor
rarely exceeds one to two centimeters and does not compro-
mise local control or survival. Cipe et al. verified the distal tu-
mor margin by injecting carbon particles through colonoscopy
before surgery’. The Current National Comprehensive Cancer
Network Guideline recommends a circumferential margin of
four to five centimeters for total mesorectal excision and one
to two centimeters for the distal margin in the low rectal tu-
mor'’. Lin and Pollard evaluated 148 resected rectal cancers
with a distal margin smaller than one centimeter and found
no local recurrence”. Cross et al. considered the microscopic
extension of the tumor margin irrelevant as long as the macro-
scopic margin is two centimeters, with angiolymphatic inva-
sion being the most important data’.

Elevated peritumoral lymphatic vessel density is associated
with a worse prognosis even in stage I colorectal adenocarcino-
mas*!'*17:2324 Lymphangiogenesis is crucial for the prognosis
of tumors in early stages, but not in advanced disease®>'>!.
Lymphatic vessels are one of the main routes of tumor dis-
semination, which can occur through pre-existing and newly
formed lymphatic vessels in and around the tumor. Adeno-
carcinoma cells release growth factors from lymphatic endo-
thelium, inducing enlargement of existing lymphatic vessels,
proliferation of endothelial cells, and facilitating tumor cell
migration and metastatic spread>'. Therefore, intra and peri-
tumoral lymphatic density must be measured through an im-
munohistochemical study, so that this tissue is also included
in the surgical specimen, thus reducing the risk of metastases
or residual local neoplastic islands"'¢**?’. In this study, no sig-
nificant increase in lymphatic density was identified in the tis-
sues removed, and intratumoral lymphatic vessel density was
lower than peritumoral lymphatic vessel density. No evidence
of neoplastic cells or microscopic intramural dissemination
beyond four centimeters was found, whereas methylene blue
staining was extended to five centimeters. Therefore, the resec-
tion of the colon and rectum at the margins of blue staining
ensures the complete removal of the tumor, including its mi-
croscopic lymphatic dissemination.

Despite the small number of cases, the extent of the blue
staining in the colonic and rectal wall beyond the histologi-
cal margins of the tumor and peritumoral lymphatic tissue in
all cases provides statistical support for the reliability of the
results. Peritumoral dye injection facilitated surgical guidance
both in laparoscopy and laparotomy for tumor resection fol-
lowing oncological principles”'*'®*. Tumor resection guided
by the visualized methylene blue avoids the need to delimit the
tumor by palpation, which is subjective and hard to be precise
in minimally invasive surgeries, including those performed
with robotic assistance.
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On the other hand, methylene blue is not a good indicator
of lymph node metastases as it does not stain all lymph nodes
with metastases®. Even internally stained lymph nodes may
not show this staining on the outside, which would otherwise
be visible during surgical procedures. Therefore, methylene
blue staining is not associated with lymph node metastases
and is not useful to indicate the possibility of regional spread
of colon and rectal adenocarcinoma. This finding should be
strongly and carefully considered in procedures based on sen-
tinel lymph nodes by injecting a radioactive solution, blue dye,
and performing a biopsy as signs and tests of cancer spread
beyond the original tumor. Positive results are valid, but nega-
tive ones are not.

Thus, preoperative peritumoral endoscopic injection of
methylene blue spreads the dye beyond the limits of colon
and rectal adenocarcinomas. Methylene blue can be identified
outside these organs, determining reliable free margins for tu-
mor resection, but it does not indicate the presence of regional
lymph node metastases. This method can be useful before
surgical resection of other digestive tumors, such as esopha-
geal, gastric, duodenal, and even jejuno-ileal tumors, through
minimally invasive surgeries. Removal of the entire methylene
blue-stained tissue reduces the possibility of tumor resection
with insufficient cancer-free margins.

CONCLUSIONS

Preoperative peritumoral endoscopic injection of methy-
lene blue spreads the dye beyond the limits of colon and rectal
adenocarcinomas, determining reliable free margins for tumor
resection. However, it does not indicate the presence of re-
gional lymph node metastases.
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