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Abstract

We attempted to evaluate the history of sentinel node
navigation surgery (SNNS), technical aspects, tracers,
and clinical applications of SNNS using Infrared Ray
Electronic Endoscopes (IREE) combined with Indo-
cyanine Green (ICG). The sentinel lymph node (SLN)
is defined as a first lymph node (LN) which receives
cancer cells from a primary tumor. Reports on clinical
application of SNNS for gastric cancers started to ap-
pear since early 2000s. Two prospective multicenter
trials of SNNS for gastric cancer have also been ac-
complished in Japan. Kitagawa ef a/ reported that the
endoscopic dual (dye and radioisotope) tracer method
for SN biopsy was confirmed acceptable and effective
when applied to the early-stage gastric cancer (EGC).
We have previously reported the usefulness of SNNS in
gastrointestinal cancer using ICG as a tracer, combined
with IREE (Olympus Optical, Tokyo, Japan) to detect
SLN. LN metastasis rate of EGC is low. Hence, clinical
application of SNNS for EGC might lead us to avoid
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unnecessary LN dissection, which could preserve the
patient’s quality of life after operation. The most ideal
method of SNNS should allow secure and accurate de-
tection of SLN, and real time observation of lymphatic
flow during operation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Two prospective multicenter trials of senti-
nel node navigation surgery (SNNS) for gastric cancer
have been accomplished in Japan. Kitagawa et a/ re-
ported that the endoscopic dual (dye and radioisotope)
tracer method for SN biopsy was confirmed acceptable
and effective when applied to the early-stage gastric
cancer. The ideal method of SNNS should allow secure
and accurate detection of sentinel lymph nodes, and
real time observation of lymphatic flow during opera-
tion. In this review, we attempted to comprehensively
evaluate the history, technical aspects, tracers, and
clinical applications of SNNS with a special emphasis
on the use of Infrared Ray Electronic Endoscopes with
Indocyanine Green.

Mitsumori N, Nimura H, Takahashi N, Kawamura M, Aoki H,
Shida A, Omura N, Yanaga K. Sentinel lymph node navigation
surgery for early stage gastric cancer. World J Gastroenterol
2014; 20(19): 5685-5693 Available from: URL: http://www.wjg-
net.com/1007-9327/full/v20/i19/5685.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.119.5685

INTRODUCTION

Complete resection of tumor and dissection of region-
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al lymph nodes (ILNs) are basic surgical principles for
patients with gastric cancer. Gastrectomy with regional
LN dissection is the standard procedure for gastric
cancer, while less invasive interventions, such as endo-
scopic submucosal dissection, have emerged as suitable
techniques for EGC but not indicated for possible LN
metastasis!".

Laparoscopic gastrectomy was first performed by
Kitano et a/” for EGC in 1991. Since then, the usefulness
of laparoscopic surgery is recognized, which is widely
carried out for EGC in ]apanm. While early-phase recov-
ery after surgery has been improved by laparoscopic sur-
gery, preservation of late-phase quality of life (QOL) by
function-preserving surgery is also important. Therefore,
the SN concept has been a much-discussed topic in stan-
dard gastric operations such as distal, proximal and total
gastrectomy, which are associated with deterioration of
QOL by post-gastrectomy syndrome.

The lymph node metastasis rate of EGC is approxi-
mately 15%-20%. Therefore, clinical application of sen-
tinel node navigation surgery (SNNS) for EGC might
be able to abrogate unnecessary lymph node dissection
as well as to reduce the volume of gastric resection. As a
result, the post-gastrectomy syndrome may be reduced.

The sentinel lymph node (SLN) is defined as the first
possible site to receive cancer cells along the route of
lymphatic drainage from the primary tumor. The SLN
concept was first advocated by Morton ef o/ in patients
with melanoma. SNNS has already been validated for
breast cancer” and malignant melanoma, where a limited
or no nodal dissection is performed in case of negative
SN.

TNM classification has defined “The SLN is the first
lymph node to receive lymphatic drainage from a primary
tumot.” The absence of metastasis in SLN is believed to
correlate with the absence of metastasis in downstream
lymph nodes. From the TNM classification Sixth Edition,
the presence or absence of metastases in SN is proposed,
which is quoted in the 14" Edition of the Rules for gastric
cancer in ]apanm.

In this review, we have attempted to evaluate the
history of SNNS, technical aspects, tracers for the clini-
cal application of SNNS using Infrared Ray Electronic
Endoscopes (IREE) combined with Indocyanine Green
(ICG) method for limited lymphadenectomy and modi-
fied gastric resection.

CURRENT STATUS OF SNNS FOR
GASTRIC CANCER

Reports on clinical application of SNNS for patients with
gastric cancers started to be published during eatly 2000s
(Table 1).

Hiratsuka e# a/" had reported that SLN biopsy using
ICG can be performed with a high success rate, and the
SLN status can predict the LN status with a high degree
of accuracy, especially in patients with T'1 gastric cancer.

Kitagawa e/ al” evaluated the technical aspects and
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clinical application of radio-guided surgery using gamma
detection probe technology. Endoscopic injection of
technetium-99m-radiolabelled tin colloid was performed
before the operation, and radioactive SNs were identi-
fied with a gamma probe. The benefit of using moderate
magnitude radioisotopes is that the radioisotopes remain
for an adequate period in the SN after tracer injection,
and thus the identification rate of SLN becomes high
even in fatty patients.

Miwa ef al” reported the results of a regional mul-
ticenter clinical trial of SN mapping for gastric cancer
using the conventional dye-guided method. Although the
patient population enrolled in their study was limited, this
first multicenter trial of SN mapping for gastric cancer
provided several important messages. This study was
designed to investigate the feasibility of SN mapping for
gastric cancer using the dye-guided method as a simple
method that can be conducted even in community hospi-
tals without special equipment.

Miwa proposed the concept of a “sentinel lym-
phatic basin,” and reported successful mapping of the
lymphatic basins in 96.2% of their patients. The dye
stained one or more metastatic nodes in 31 patients,
but failed to indicate a metastatic node in four patients
with a large involved node. This theory can provide
an acceptable base for clinical application of SNNS.
Their reports have demonstrated that sentinel lymphatic
basins contain truly positive nodes, even in cases with
a false negative SN biopsy. Therefore, the sentinel lym-
phatic basins are good targets for focused lymph node
dissections in patients with ¢TINO gastric cancer. The
distribution of sentinel lymphatic basins and the status
of SLN would be useful information to decide the ex-
tent of gastric resection.

We have already suggested the clinical usefulness of
IREE combined with ICG to detect illuminated SLN in
patients with gastric cancer and duodenal tumors as com-
pared with dye alone (Figure 1" The SN identifica-
tion rate and sensitivity for IREE versus ICG alone were
99.5% 5 85.8% and 97.0% »s 48.4%, respectively"”,

The lymphatic flow of the stomach is complicated
and skip metastases were observed even in EGC. We
reported that the group 2 LN metastases were judged as
SN in 32%!"". The most common locations of the SLN
were stations left gastric artery in each of the upper-,
middle-, and lower-thirds of the stomach"". Our SLN
procedure with IREE can detect the SLN and is better
than ICG alone. The lymphatic basin dissection (LBD)
of the SN basin is required for accurate intra-operative
diagnosis of lymph node metastases. LBD dissection
based on IREE is an acceptable method of nodal dissec-
tion in patients with T1 or limited T2 tumors'>"?,

Ryu ef al™ reported a meta-analysis of feasibility stud-
ies on SNNS for gastric cancer between 2001 and 2009.
The SN identification rate and sensitivity were 97.6% and
87.8%, respectively. Therefore, they advocated that SNB
in gastric cancer is probably not clinically applicable for
limited lymphadenectomy due to the unsatisfactory sen-
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Table 1 Reports on SN mapping for gastric cancer

Ref. Year Journal n Detection rate Sensitivity
RI method
Kitagawa et al® 2000 Surg Clin N Am 36 97% 100%
Kitagawa et al 2002 Br ] Surg 145 95% 92%
Gretschel et al™ 2003 Chirurg 15 93% 89%
Kim MC et al™ 2004 Ann Surg 46 93.50% 84.60%
Uenosono et al™ 2005 Br ] Surg 104 95.20% 81.80%
Arigami et al™” 2006 Ann Surg 61 100% 95.50%
Mochiki et al™ 2006 Am | Surg 59 96.60% 83.30%
Yanagita et al™ 2008 Ann Surg Oncol 160 98.80% 96.70%
Mean 63.2 96% 90%
Dye method
Hiratsuka et al” 2001 Surgery 77 99% 90%
Ichikura et al™ 2002 World ] Surg 62 100% 85%
Carlini et al™ 2002 ] Exp Clin Cancer Res 40 100% 87%
Miwa et al” 2003 Br ] Surg 211 96% 89%
Ryu et al® 2003 Eur ] Surg Oncol 71 92% 100%
Song et al™” 2004 Am ] Surg 27 96% 100%
Osaka et al™! 2004 Clin Cancer Res 57 100% 100%
Ishizaki et al? 2006 Eur ] Surg Oncol 62 85.70% 96.40%
Park et al 2006 Eur ] Surg Oncol 100 94.60% 78.60%
Rino et al™! 2007 Hepatogastroenterology 43 93.00% 81.80%
Mean 70.2 96% 91%
RI + Dye mthod
Hayashi et al™ 2003 J Am Coll Surg 31 100% 100%
Karube et al! 2004 J Surg Oncol 41 100% 92%
Tonouchi et al*” 2005 World ] Surg 37 94.60% 100%
Gretschel et al"*” 2005 Eur ] Surg Oncol 34 97.10% 95.40%
Ichikura et al*” 2006 Surgery 80 100% 92.90%
Saikawa et al™” 2006 World ] Surg 35 94.30% 50%
Dye + IREE method
Nimura et al 2004 Br ] Surg 84 99% 100%
Ohdaira et al™ 2007 Gastric Cancer 60 100% 100%
Kelder et al™ 2010 Eur ] Surg Oncol 212 99.50% 97%
Mean 100% 99%
Dye + Fluorcence method
Miyashiro et al™” 2008 Ann Surg Oncol 3 100% 100%
Kusano et al™ 2008 Dig Surg 22 90.10% 40.00%
Tajima et al®™ 2009 Ann Surg 56 96.40% 64.70%
Mean 96 % 68%

sitivity and heterogeneity among practicing surgeons, and
that more than four SLN should be harvested to improve
sensitivity. They also advocated that a tumor-specific
SNB method should be developed"*.

Can et al"’ investigated a number of reports on
SNB for gastric cancer from single institute experiences
in order to augment the relevant knowledge base, and
demonstrated that the currently established double tracer
method (dye and radio-isotope tracers) appeared to be
the most efficacious and reliable procedure for identify-
ing true SLN. They commented while conventional dye
tracers were still useful, ICG deserves more attention for
the current applications. IREE, florescence imaging and
near-infrared technology represent the future direction in
which the SNNS concept is advancingm].

Recently, two multicenter prospective studies for
SNNS were organized in Japan. The Gastric Cancer Sur-
gical Study Group of the Japan Clinical Oncology Group
(JCOG) organized a multicenter prospective study of SN
mapping by the dye-guided method using intraoperative
subserosal injection of ICG and observation by the na-
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5687

ked eye!”. Another study group was the Japan Society of
SNNS, which conducted a multicenter prospective trial
of SN mapping by a dual tracer method with blue dye
and radioactive colloid""”.

The JCOG study was performed by the dye-guided
method using intraoperative subserosal injection of ICG
and observed by the naked eye in patients with T'1 gastric
cancer. Green-stained nodes, representing SLN, were
removed first, and then gastrectomy with lymphadenec-
tomy was performed. However, this clinical trial was dis-
continued because the proportion of false negatives was
much higher than expected. Miyashiro ez al'” reported
that the JCOGO0302 trial revealed the unreliability of fro-
zen section examination using just one plane, and high-
lighted the impact of the learning curve. Nevertheless,
we reported that the SN identification rate and sensitivity
of ICG alone with the naked eye were 85.8% and 48.4%
respectively, which indicates that detection of SN with
dye alone is insufficient!"”.

Kitagawa ef al"™ conducted a multicenter, single-arm,

phase II study of SN mapping that used a standardized

May 21, 2014 | Volume 20 | Issue 19 |



Mitsumori N et a/. Sentinel surgery for early gastric cancer

Figure 1 Laparoscopic observation around the left gastric vessels (LN No.3,7). Lymph vessels and LN can be easily detected by IREE with Indocyanine Green
(ICG). A: Ordinary light observation of lymph vessels around the left gastric artery; B: Infrared ray observation of lymph vessels around left gastric region (Lymph
vessels: arrow; ICG positive node: arrowhead); C: Ordinary light observation of lymph vessels around the right epigastric artery; D: Infrared ray observation around
the right epigastric artery shows first drainage lymph vessels, and sentinel lymph node (SLN) (arrow); E: Ordinary light observation of lymph vessels; F: Infrared ray

observation of lymph vessels (first drainage lymph vessels: arrow; SLN: arrowhead).

dual tracer endoscopic injection technique. Patients with
previously untreated ¢T1 or ¢T2 gastric adenocarcino-
mas < 4 cm in gross diameter were eligible for inclusion
in this study. SN mapping was performed by using a
standardized dual tracer endoscopic injection technique.
The SN detection rate was 97.5%. Of 57 patients with
lymph node metastasis by conventional hematoxylin and
eosin staining, 93% had positive SNs, and the accuracy
of nodal evaluation for metastasis was 99%. Only four
false-negative SN biopsies were observed, and patho-
logic analysis revealed that three of those biopsies were
pT2 or tumors > 4 cm. They concluded that the endo-
scopic dual tracer method for SN biopsy is acceptable
and effective when applied to supetficial, relatively small
gastric adenocarcinomas.
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TRACERS AND METHODS OF SNNS

At present, two methods are predominantly used in the
detection of the SLN, injection of dye and/or injection
of a radio-isotope (RI) with a gamma probe. The SLN is
stained blue or green by dye and the hot LNs are identi-
fied by the uptake of Rl, after injection around the tumor
with dye or RI colloid.

Usually, ”™Technetium (”"Tc)-tin colloid was endo-
scopically injected into the submucosa of the gastric wall
around the tumor one day before surgery, and lymphos-
cintigraphy was performed 2 h later. During surgery, the
uptake of the RI in each lymph node was counted using
Navigator GPS. The half-life of *™Tc is short, it pro-

duces secure radioactive elements, and the particle size
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Figure 2 Mechanism of absorption with indocyanine green and fluorescence from indocyanine green. Irradiated with light near the maximum absorption wave-
length, the ICG-injected area in the tissue absorbs the light and becomes darker. In the other areas in the background, the light is reflected and those areas become

brighter. ICG: Indocyanine Green.

is relatively large. Therefore, "™ is judged to remain in
the lymph nodes for approximately 12 h. However, tight
regulation and costs of radioactive substances limit the
wide-spread use of the probe-guided method in general
hospitals.

The dye (Patent blue, lymphazurin, and ICG)-guided
method is used in surgery and is safe, convenient, inex-
pensive and excellent in depiction of not only LNs but
also the lymphatic vessels. Particulate-activated carbon
and dye have been used to study lymphatic flow previ-
ously in Japan . The advantage of these methods is
that their transition to the lymphatic system allows intra
operative real time evaluation of the lymph flow. Because
carbon particles are small and diffuse rapidly to the distal
LNs, carbon was judged to be unsuitable for detection of
SLN in thick adipose tissue, such as in laparoscopic sut-
gery.

We reported the clinical usefulness of infrared ray
IREE combined with ICG to illuminate SLNs in patients
with gastric cancer""?.

ICG is a tricarbocyanine dye that has been used clini-
cally for over 50 years for hepatic clearance, cardiovascu-
lar function testing, and retinal angiography on the basis
of its dark green color, which is typically administered
at concentrations of 2.5 mg/ml at a typical total dose
of 25 mg in adults. ICG conjugates with albumin, which
becomes an excellent vascular agent for evaluating both
the blood and lymph systems in off-label studies. The
incidence of mild adverse reactions of ICG was 0.05%
for severe adverse reactions, with no deaths after 1923
procedures”*,

It is a known fact that, if combined with plasma pro-
tein, ICG has a maximum absorption wavelength of 805
nm. Irradiated with light near the maximum absorption
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wavelength, the ICG-injected area in the tissue absorbs
the light and becomes darker. In the background areas,
the light is reflected and those areas become brighter.
This is the mechanism of the infrared light absorption
observation with ICG (hereinafter referred to as light
absorption observation). On the other hand, it is known
that ICG which has absorbed the light emits a maximum
fluorescence wavelength of 830 nm after it is excited.
Compared to the reflected light, the intensity of fluo-
rescence is extremely weak. Thus, infrared fluorescence
observation with ICG (herein after referred to as fluores-
cence observation) is enabled by completely cutting the
reflected light and receiving the light near the maximum
fluorescence wavelength (Figures 2 and 3).

Utilizing this principle of 1CG, the light absorption
observation became possible in the conventional infrared
endoscope system. The light from the xenon lamp in the
light source unit becomes light near the maximum 805
nm of absorption wavelength after passing through the
infrared filter which is switchable with the white light fil-
ter. Then the light passes through the light guide and the
laparoscope to irradiate the subject. The light reflected
from the subject is received by an infrared-sensitive
charge-coupled device (CCD) incorporated in the camera
head, enabling light absorption observation. One of the
characteristics of this system is that switching the obser-
vation mode between the light absorption observation
and the fluorescence observation is made possible.

Recently, ICG with the use of CCD cameras and
light-emitting diodes has emerged as an alternative mo-
dality in SLN biopsy. The fluorescence method is revolu-
tionary in that it can be observed through a thick adipose
tissue, but this needs to be performed in a dark operating
room with light off to observe the fluorescence of the
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Figure 3 Wavelength of the indocyanine green. Indocyanine green (ICG)
has a maximum 805 nm of absorption wavelength. Absorption wavelength band
of ICG: Red line; Fluorescence wavelength band of ICG: Blue line.
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In order to solve this problem, a system that can de-
scribe the ICG near-infrared fluorescence image on the
color screen of bright field (hyper eye medical system:
HEMS, Mizuho Medical Instruments) has been devel-
opedps], and the usefulness of SNNS of fluorescence
observation for breast cancer has been reported™. How-
ever, these two models do not allow insertion through a
trocar, and therefore cannot be used in laparoscopic sut-
gery. In this regard, IREE is especially suitable for use in
the SNNS in laparoscopic surgery.

SKIP AND MICRO-METASTASIS OF THE
LNS

The precise detection of LN metastasis including micro-
metastasis is important for SNNS™. Kikuchi ez 2/ ana-
lyzed the topographical pattern of lymph node metastasis
for pN1 patients with curative resection. Skip metastasis
occurred in 5%, and the common stations for such a me-
tastasis were No. 7 and No. 8a. This pattern of metastasis
was found in 14% of the patients with single positive
nodes. They noted that although perigastric nodes were
important first sites of drainage, the distribution of posi-
tive nodes depended on the tumor location. Accordingly,
in view of both the complexity of the lymphatic flow
and skip metastasis, previous studies have recommended
the routine use of systemic D2 dissection. However, the
feasibility and reliability of SNNS is a prerequisite to less
invasive gastric surgery.

Tokunaga ef a/””' reported that lymphatic flow in
LGA and in RGEA are main lymphatic drainage routes
of the stomach. Skip metastases were observed in 10%,
which were observed in the station 7, 8a, 9, or 11p. The
lymphatic stream of the stomach is complicated and mul-
tidirectional. Understanding and mapping the complex
lymphatic streams of the stomach will allow surgeons to
perform more effective lymph node dissection during
gastric cancer surgery.

Arigami ez al™ reported that the incidence of mi-
crometastasis of SNs detected by RT-PCR was quite

Baishidenge ~ WJG | www.wjgnet.com

high and useful for SNNS. All metastatic lymph nodes
were identified within SNs, as judged by RT-PCR. The
incidences of metastasis determined by hematoxylin and
eosin and IHC were 8.2% and 13.1%, respectively. Micro-
metastases undetectable by IHC were identified in 23.0%
of SNs by RT-PCR.

We have previously reported in patients with lymph
node metastasis that positive HE and IHC staining was
12.3% and 23.8%, respectively. Diagnosis of 15 patients
without LN metastasis by HE correlated positively with
LN metastasis by IHC staining, The 27 positive LNs of
these 15 patients consisted of SN which were identified
during surgery. Consequently, all these 27 positive LNs
judged by IHC staining was micrometastasis or less"”
Therefore, ICG-positive lymphatic basin dissection by
SNNS with infrared ray observation seems to be an ad-
equate method of lymph node dissection for EGC.

When the tumor is located in the lesser curvature,
lymphatic fluid is frequently observed to flow from the
left gastric artery to the celiac axis area.

OUR METHOD OF SNNS BY IREE

We have reported the clinical usefulness of SNNS for
EGC using ICG combined with IREE""",

Briefly, prior to the injection of ICG, the stomach was
mobilized by dissecting through the gastrocolic ligament
without disrupting the gastro-epiploic vessels. ICG was
injected endoscopically in four quadrants of the submu-
cosa surrounding the tumor with an endoscopic puncture
needle. Twenty minutes after the injection, SNs stained
with ICG were observed with the naked eye as well as
IREE. One of the important points regarding ICG injec-
tion is that we should not perforate the gastric wall by the
needle, for which steady careful injection of 1CG into the
submucosa is important. It is usually difficult to observe
lymphatic flow and the SN if ICG is leaking outside the
stomach wall. We usually observe lymphatic flow and SN
around the greater and lesser curvature at first, and then
the left and right gastric artery and vein by IREE with
normal light and the infrared light.

With the rigid endoscope, systems have been devel-
oped and we can change normal light and infrared light
by a hand switch (Figure 4). Each system has absorption
and fluorescence scopes, which can be used in laparo-
scopic surgery. After careful observation, we make marks
around the lymphatic flow area by clips and perform
LBD. The portion of the stomach removed depends on
the result of intraoperative pathological examination of
frozen HE staining and the number of lines of lymphatic
flow. If SLN is negative for metastasis and lymphatic
flow is single line, we perform a wedge resection. When
lymphatic flow is recognized in two directions, segmental
resection, pylorus preserving gastrectomy or proximal
resection is selected. If SLN is positive for metastasis, a
standard gastrectomy with D2 dissection is chosen.

We usually take the extra 60-90 min for SNNS com-
pared to standard operation for EGC. So, the sutgeon is
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required to have a passion for SNNS.

CONCLUSION

Of several methods of SNNS, IREE can detect the SN
easily and is superior to ICG alone, and seems to have
an equal detection rate as compared to the RI + dye
method. LBD of the SN basin is required for accurate
intra-operative diagnosis of LN metastases. ICG-positive
lymphatic basin dissection by SNNS with IREE seems
to be an adequate method of lymph node dissection for
EGC.
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