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Abstract

Background: The popularity of minimally invasive surgery for gastric cancer has been on the rise due to its
advantages in faster recovery and improved outcomes. However, the lack of tactile sensation poses challenges for
tumor identification and anatomical recognition. Indocyanine green (ICG) with near-infrared (NIR) fluorescence
imaging has emerged as a potential solution to address these challenges. This review summarizes the current
status, limitations, and future prospects of ICG and NIR fluorescence imaging in minimally invasive surgery for
gastric cancer. Search strategy: This narrative review searched the PubMed database for relevant articles related to
ICG and NIR fluorescence imaging in minimally invasive gastric cancer surgery, published through 2023. The
search criteria comprised “indocyanine green”, “ICG", "near-infrared fluorescence imaging”, “gastric cancer”,
“gastrectomy”, and “minimally invasive surgery”. Findings: ICG with NIR fluorescence imaging offers three main
applications in gastric cancer surgery. Firstly, it aids in real-time intraoperative tumor identification when injected
locally around the tumor, surpassing traditional tattooing techniques. Secondly, ICG facilitates lymph node
mapping, particularly in identifying sentinel lymph nodes, which could reduce unnecessary lymphadenectomy.
Thirdly, ICG angiography enables the assessment of blood perfusion during reconstructive surgery, evaluating
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anastomosis sites and potentially reducing anastomotic leakage risk. Conclusions: ICG and NIR fluorescence
imaging have shown promising advancements in enhancing the precision and safety of minimally invasive gastric
cancer surgery. However, standardized analysis methods and further prospective studies are needed to fully
establish their clinical significance. Overall, ICG and NIR fluorescence imaging hold potential as valuable tools to
improve patient outcomes in minimally invasive gastric cancer surgery.

Keywords: Indocyanine green, near-infrared fluorescence imaging, gastric cancer, gastrectomy, minimally invasive
surgery

INTRODUCTION

In recent years, the popularity of minimally invasive surgery for gastric cancer has risen due to its faster
recovery and improved patient outcomes. Types of minimally invasive surgery, including laparoscopic and
robotic surgery, allow surgeons to have a wider and clearer field of view and to resect tumors more
accurately, which potentially contributes to better long-term results in gastric cancer treatment. However,
minimally invasive surgery for gastric cancer also poses a few challenges, including the lack of tactile
sensation necessary for the identification of tumors and anatomical structures””. Current intraoperative
visualization methods, such as near-infrared (NIR) fluorescence imaging, are gaining interest as they strive
to address these difficulties. Fluorescence imaging necessitates the use of a fluorescent dye to enhance
specific tissues, along with a fluorescent camera system. The fluorescent dyes utilized can be categorized
into specific binding dyes and non-specific binding dyes. As a non-specific dye, indocyanine green (ICG) is
not selective for tissues, but it can fluorescently enhance tissues by perfusion into tissues or excretion from
the liver and kidneys. This technique is widely used in clinical practice®.

ICG emits strong fluorescent light, peaking at 830 nm when excited in the NIR range and allowing deep
signal penetration and minimal tissue autofluorescence interference. Fluorescence can be detected during
surgery using a specially developed device such as an NIR camera, which serves to supplement the senses of
surgeons. An ICG solution contains trace amounts of iodine and is considered to be contraindicated in
cases where allergy to iodine has been confirmed. However, in clinical practice, the occurrence of severe
adverse reactions, notably anaphylactic reactions from ICG injection, is reported to be below 0.05%,
demonstrating a high level of safety'.

With regards to digestive surgery, ICG has become popular, especially for its use during esophageal and
colorectal surgery. During operation, ICG aids in the evaluation of real-time blood perfusion before
anastomosis to reduce the rate of anastomotic leakage®”. For hepatobiliary surgery, it allows the
visualization of hepatic segmental boundaries and biliary tree structures, enhancing the precision and ease
of hepatectomy and cholecystectomy'®. Additionally, ICG is currently utilized as an indicator for three
different aspects of gastric cancer surgery: intraoperative tumor identification, lymph node mapping, and
blood perfusion assessment during reconstruction. Despite its common use, there are no current reports
comprehensively summarizing the role, the advantages, or the limitations of ICG in gastric cancer surgery.
Here, the objective of this review is to provide a comprehensive overview of the present state of ICG and
NIR fluorescence imaging in minimally invasive gastric cancer surgery and to discuss its clinical
significance.

SEARCH STRATEGY

This study is a narrative review. We conducted a search using the electronic database PubMed to retrieve
relevant articles published until 2023 on this topic. The search criteria comprised “indocyanine green”,
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“ICG”, “near-infrared fluorescence imaging”, “gastric cancer”, “gastrectomy”, and “minimally invasive
surgery”. Articles were collected in full text and selected and reviewed for alignment with these essential
topics.

INTRAOPERATIVE TUMOR IDENTIFICATION

As recommended by Japanese guidelines, proximal resection margins should be at least 2 cm and 3-5 cm for
early and advanced gastric cancer, respectively!”. However, appropriate margins are difficult to determine
due to the absence of tactile feedback during laparoscopic or robotic gastrectomy. Thus, a variety of
methods have been devised for locating the tumor during operation"". Recent studies have demonstrated
that ICG is an effective method for intraoperative tumor identification'?”. When ICG is injected locally
around the tumor, a portion of it binds to albumin in the tissue, allowing intraoperative NIR imaging to
identify the tumor in real time.

ICG tattooing

The first method utilized for localization in gastrointestinal surgery was tattooing with dye prior to the
surgery through an endoscope, which continues to be a common technique. In Japan, endoscopic tattooing
with India ink is still the most common procedure. However, marking with India ink does not allow for an
easy adjustment of the amount of ink needed to be visible on the surface of the serosa. As a result,
unexpected blotting and spreading may occur. Because ICG is permeable to tissues, it is possible to inject
smaller volumes of ICG, avoiding the problem that India ink has of not being able to control the amount. In
contrast to India ink, ICG is both a visible and fluorescent dye. According to previous reports, ICG can be
observed under an NIR camera within 1-3 days after injection"?. Furthermore, ICG does not appear to
darken the color of that region or interfere with macroscopic observation.

Several studies have used endoscopic ICG tattooing, together with an NIR fluorescence imaging system, to
detect gastric cancer™*”*'*, Table 1 summarizes these results. Submucosal injection into four quadrants
near the tumor one to three days before surgery has been the most commonly adopted method"***'”. The
dose of ICG injection was usually 0.5 mL per puncture site at a concentration of 0.05 mg/kg. Tanaka et al.

reported that 0.1 mL ICG per puncture site at a concentration of 1.0 mg/mL also produced satisfactory
results"”. The median proximal ICG diffusion distance in these studies was about 20-25 mm, which was
adequate for obtaining sufficient resection margins. Cho et al. reported that three patients, among a total of
503 early gastric cancer patients, had a positive margin at resection. However, the leading cause of these
three positive margin cases was the underestimation of tumor sizes by the endoscopist before surgery, not
the ICG tattooing itself""”.

Although ICG tattooing has become common, there still remain some challenges. For example, it requires
special equipment and is more expensive than India ink. Also, ICG readily diffuses into the lymphatic
vessels surrounding the gastric tissue, meaning that if the time following injection exceeds three days, it will
not be possible to localize the tumor accurately. Nonetheless, the results presented here indicate that ICG
tattooing is a safe and feasible method of determining tumor location and surgical margin.

Endoscopic clip equipped with ICG

In open abdominal surgery, the placement of metallic clips, which can be verified by direct touch, is a
beneficial technique for preoperative marking of tumors. However, in minimally invasive surgery, the clips
are not visible from the surface of the gastrointestinal tract and are not tactile, making it challenging to
pinpoint the precise location of the tumor.
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Table 1. Summary of endoscopic ICG tattooing studies of gastric cancer
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Tumor -
stage Tumor  Injection I . Injection ICG IcG IcG ICG-related Posm\{e .
. . Injection site Conc. amount I resection Near-infrared system
(early/ location time depth manufacturer complication N
advanced) (mg/mL) (mL) margin
Onoetal. 8/4 2D, Three days Four sites [proximal(2), Submucosal Dai-Ichi Sankyo 0.05 0.5 N/A 0 PDE system (Hamamatsu
(2018)“3] 10 (M), before distal(2)]: 0.5 mm away Pharm, Tokyo, Photonics, Japan), NIR camera
2 (U) surgery from tumor edge Japan system (Shinko Optical, Japan)
Ushimaru  55/29 32, One day Four sites [proximal(1), Submucosal  Dai-Ichi Sankyo 0.05 0.5 0 0 IMAGET SPIES™ System (KARL
etal. 52 (M) before distal(1), and bilateral(2)1: Pharm, Tokyo, STORZ, Germany)
019" surgery just at the tumor edge Japan
Omorietal. 65/42 107 (U) One day Four sites [proximal(1), Submucosal  Dai-Ichi Sankyo 0.05 0.5 0 0 IMAGE1 SPIES™ System (KARL
(2022)[15] before distal(1), and bilateral(2)1: Pharm, Tokyo, STORZ, Germany)
surgery just at the tumor edge Japan
Tanaka 29/0 5(U), One-three One site (proximal) or two  Submucosal Dai-Ichi Sankyo 1.0 0.1 0 0 KARL STORZ, Germany
etal. 24 (M) days before  sites [proximal(1) and Pharm, Tokyo,
020)™ surgery distal(1)1: Tcm away from Japan
tumor edge
Cho et alﬁ 456/47 263 (L), One day Four quadrants around the  Submucosal Dongindang Pharm, 0.625 0.6 0 3 da Vinci Si/Xi Surgical System®
(2022)U ! 15 (M), before tumor Siheung-si, Korea (Intuitive Surgical, USA),
86 (U) surgery PINPOINT® Fluorescence
Imaging System (Novadag,
Canada)
Chenetal. 8/10 13 (L), One day Four sites Submucosal N/A 1.25 0.5 0 0 N/A
(2022)%" 3(M), before
2 surgery
Yoonetal. 21/2 1), One day Four sites [proximal(1), Submucosal Dongindang Pharm, 0.5 0.1 0 0 N/A
(2022)% 12(M)  before distal(1), and bilateral(2)]: Siheung-si, Korea
surgery within Tcm from the
borders of tumors
Nakanishi  6/0 6 (M) Onetothree  Onesite Submucosal Dai-Ichi Sankyo 1.0 0.1 0 0 da Vinci Xi Surgical System®
etal. days before Pharm, Tokyo, (Intuitive Surgical, USA), Firefly®
2022)% surgery Japan (Intuitive Surgical, USA)

Conc.: Concentration; ICG: indocyanine green; L: lower third; M: middle third; N/A: not available; NIR: near-infrared; U: upper third.

Recently, Narihiro et al. created an innovative endoscopic clip integrated with resin-conjugated ICG (ZEOCLIP FS; Zeon Medical Co., Ltd., Tokyo,
Japan)"**Y. The fluorescent resin is introduced at the ends of the fastening claws of the standard clip and sinks into the mucosa by holding the clip on the

mucosal surface. In a study with eight cases of gastrointestinal cancer, the ICG fluorescent signal was detected in six patients (three gastric and three rectal)'

19]

In another study of 37 cancer patients (23 colonic and 14 gastric), 33 of them (89.1%) had clear fluorescent clip marking at first glance during operation, and
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fluorescence was visualized in another three patients (8.1%) after surgical dissection. Therefore, this kind
of clip can achieve a high rate of identification.

Fluorescent clips prevent spillage and local spread of dyes within the gastrointestinal tract, which can
interfere with the accurate localization of the lesion. As should be noted, NIR fluorescence penetrates the
tissues at a distance of approximately 5 to 10 mm. When the stomach wall is thicker than 10 mm, image
visualization via NIR fluorescence is difficult. Additionally, fluorescence visibility depends on the angle
between the stomach wall and the fluorescence laparoscope. To improve fluorescence visibility, it is
important to observe at an angle that is as close to a right angle as possible and to stretch the stomach wall
so that it becomes thinner.

LYMPH NODE MAPPING

The lymph node metastasis status plays a crucial role as a prognostic factor, significantly impacting the
treatment decision for gastric cancer. The Japanese Gastric Cancer Guideline recommends different lymph
node dissection strategies based on the stage of the disease. Generally, it is recommended that D1 or D1+
lymphadenectomy be used for early gastric cancer and D2 lymphadenectomy be used for advanced gastric
cancer™. When ICG is injected locally, part of it enters into the small lymphatic vessels. As lymph flows
slowly and the existence of lymph nodes, ICG can remain in the lymphatic system for long periods, allowing
it to be used for lymph node mapping.

Sentinel lymph node mapping

A fact that cannot be ignored is that despite D1 or D1+ lymphadenectomy being performed in patients with
early gastric cancer, postoperative pathology revealed that only about 10% of patients had positive lymph
nodes™. In other words, most early gastric cancer patients are unnecessary for lymph node dissection.
Sentinel lymph node (SLN) biopsy is an excellent way to avoid unnecessary lymphadenectomy and is now
accepted as a standard method for breast cancer and melanoma®*”. Since 2000, many studies have been
undertaken to investigate the potential of SLN biopsy in the management of gastric cancer. However,
whether SLN biopsy is clinically applicable in gastric cancer is still yet to be determined due to significant
heterogeneity among studies***”.

In 2004, a multicenter clinical trial (JCOG0302) was carried out by the Japan Clinical Oncology Group to
assess the feasibility and accuracy of diagnosing T1 gastric cancer using SLN biopsy. In this study, ICG was
injected into the subserosa intraoperatively as a visible dye, and SLN biopsy was performed using a
conventional pick-up method. Nevertheless, this trial was halted because of a high rate of false negatives"'..
Several factors contributed to this outcome, including a short learning period for SLN identification and
only one frozen section being analyzed. The concept of sentinel basin nodes (SBNs) was proposed by Miwa
et al., in which SLN basins were found to contain actual metastatic nodes even in patients with false-
negative SLN biopsy results™”. Since then, numerous studies have demonstrated that SBN biopsy is more
accurate at detecting SLN metastasis than pick-up SLN biopsy" . In 2013, another multicenter clinical trial
conducted by the Japan Society for Sentinel Node Navigation Surgery demonstrated that SBN dissection
was deemed appropriate without jeopardizing the potential cure for cT1No gastric cancer in patients with
no prior treatment history”™. In this study, the lymph node mapping procedure utilized the dual tracer
method, combining technetium 99m-labeled tin colloid and 1% isosulfan blue dye. However, blue dye
degrades rapidly, and radioactive colloid results in a shine-through effect during the detection of hot nodes
using a y probe. These drawbacks restrict their effectiveness for laparoscopic SLN biopsy. In a meta-analysis
of 10 studies with 643 patients utilizing ICG and NIR fluorescence imaging for SLN identification, it was
found that the pooled identification rate, sensitivity, and specificity were 99%, 87%, and 100%,
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respectively””. Although the included studies primarily focused on the pick-up method, they support the
increasing recognition of the value of ICG and NIR fluorescence imaging in SLN identification.

In 2013, In South Korea, a significant and prospective phase III trial (SENORITA TRIAL) was initiated to
conduct a comparative study between laparoscopic sentinel node navigation surgery (LSNNS) and standard
laparoscopic gastrectomy combined with lymph node dissection for early gastric cancer™. In this study, if
all the retrieved SBNs showed no signs of tumor presence, stomach-preserving primary tumor resection
rather than standard gastrectomy was then carried out. The final result showed that both groups were
comparable in surgical outcomes, including postoperative complications, three-year overall survival, and
three-year disease-specific survival rates. However, LSNNS had better long-term quality of life (QOL) and
nutrition than conventional laparoscopic gastrectomy with lymph node dissection*"\. In this trial, the dual-
tracer method (ICG and radiolabeled human serum albumin) was applied for SLN mapping. In a recent
survey conducted by the International Society for Fluorescence Guided Surgery, some consensus was
reached regarding fluorescence imaging and ICG during gastric cancer surgery"’. According to the
consensus, fluorescence imaging with ICG was an acceptable single-agent method for detecting SLN, and
the SBN biopsy method was preferred. However, SLB dissection is restricted to T1 gastric cancer and
tumors measuring < 4 cm in diameter. Technically, ICG should be injected into four quadrants near the
tumor, administered on the same day as surgery, injected endoscopically into the submucosa at a total
volume of 1 to 5 mL of 5 mg/mL concentration, and repeated if SLN imaging remains insufficient. In all,
these data show that SBN can be beneficial in the treatment of early gastric cancer. Yet, more research is
necessary to determine ICG-specific applications in SBN and to compare ICG with other dyes.

ICG-guided lymph node harvesting

The existing Union for International Cancer Control (UICC) classification suggests a requirement of at least
16 lymph nodes or more for precise pathological staging in gastric cancer'””. However, Miftode et al.
conducted a study that indicated the lack of justification for a minimum threshold of 16 examined lymph
nodes'*.

They emphasized the importance of performing accurate lymphadenectomy and thoroughly examining the
surgical specimen. Macalindong ef al. examined the number of lymph nodes harvested (1-30, 31-45, > 45) in
relation to five-year disease-free survival and overall survival*!. They observed that a higher number of
harvested lymph nodes correlated with improved survival in gastric cancer patients at intermediate stages.

In a randomized trial (FUGES-012), Chen et al. demonstrated that ICG increases the number of lymph
nodes (mean 50.5 vs.42.0, P < 0.001) harvested by surgeons and reduces the rate of lymph node
noncompliance in patients undergoing D2 lymphadenectomy for gastric cancer'*. Several authors have
reported similar findings"**!. Park et al. studied infrapyloric lymph node dissection with and without ICG
in laparoscopic distal gastrectomy. They found that although there was no significant difference in the
number of lymph nodes dissected between the two groups, the use of ICG significantly shortened the
operative time and decreased bleeding during dissection. In a robotic gastrectomy study, fluorescent
lymphography using ICG and NIR imaging produced similar results, with more lymph nodes retrieved and
a reduction in the rate of lymph node noncompliance®. Fujimoto et al. reported a prospective non-
randomized cohort study on the quality of lymph node dissection in robot-assisted distal gastrectomy
(RDG) with ICG tracer guidance using the da Vinci surgical system with Firefly system (Intuitive Surgical,
Sunnyvale, CA, USA)®". They concluded that the use of the Firefly system led to an increase in the number
of retrieved lymph nodes and a decrease in lymph node noncompliance rate, thereby improving the quality
of lymph node dissection. Similarly, Zhang et al. conducted a systematic review and meta-analysis,
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confirming the safety and efficacy of ICG and NIR fluorescence imaging-guided lymph node dissection in
robot-assisted gastrectomy for gastric cancer™. Regarding the prognostic impact of combined ICG
fluorescence, Park et al. reported the results of a retrospective analysis of 5,678 gastric cancer patients™.

They have found that ICG fluorescence-guided lymphadenectomy has provided better survival outcomes,
especially in stage III patients, due to more accurate staging with stage migration, extensive lymph node
excision, the larger number of lymph nodes harvested, and more sensitive detection of metastatic lymph
nodes. Thus, while many favorable reports can be found for ICG-guided lymph node harvesting in the
surgical treatment of gastric cancer, there are also several reports that are skeptical as to its clinical
significance. Recently, Sposito et al. reported the results of a phase 2 trial (Greeneye) focusing on the clinical
benefits of ICG-guided D2 lymphadenectomy in distal gastrectomy. The authors conclude that the true
benefit of ICG-guided lymphadenectomy is limited in the presence of adequate D2 lymph node dissection,
making it difficult to justify the widespread use of this technique®®. Moreover, Lan et al. observed no
significant difference in the number of harvested lymph nodes between patients who underwent robotic
gastrectomy with or without the application of NIR/ICG technology””. While the number of lymph nodes
harvested is an important aspect in harvesting lymph nodes, it is also necessary to examine the rate of
identification of metastatic lymph nodes. The FUGES-012 trial results indicated that there was no
substantial difference in the number of metastatic lymph nodes between the two groups, as the ICG group
exhibited similar numbers to the non-ICG group at each station. Furthermore, the diagnostic sensitivity and
specificity for the fluorescence and metastatic lymph nodes of the ICG group were reported as 56.3 and 46.1,
respectively. ICG fluorescence suffers from a limitation in accurately differentiating metastatic lymph nodes,
which may result in the inadvertent removal of a significant number of normal lymph nodes during surgery.

Consequently, extensive studies with substantial sample sizes are required to evaluate whether the excessive
harvesting of lymph nodes contributes to the long-term prognosis of patients. Additionally, skip metastasis
occurs in up to 11% of lymph node metastases in patients with gastric cancer exhibiting a dominant lesion
on the lesser curvature, particularly in the lower part of the gastric body or the entire circumference of the
stomach”. Addressing these distinct lymph node metastases of gastric cancer through the utilization of
ICG and NIR fluorescence imaging represents a crucial concern for the future.

The optimal approach for ICG injection is yet to be determined. According to Tajima et al., submucosal
injection of ICG before surgery exhibited higher accuracy in detecting SLNs compared to the intraoperative
subserosal injection of ICG"". Nevertheless, several retrospective studies endorse the utilization of
submucosal injections of ICG one day prior to the surgical procedure for fluorescence-guided
lymphadenectomy". Chen et al. carried out a prospective randomized clinical trial (FUGES-019) aiming to
compare the effectiveness of ICG injection using the preoperative submucosal and intraoperative subserosal
approaches for lymph node tracing during laparoscopic gastrectomy. The result showed no difference in
terms of the ability to use ICG submucosally or subserosally™”.

Neoadjuvant chemotherapy is frequently used in the treatment of advanced gastric cancer. Chemotherapy-
induced profibrotic reactions and cytotoxicity often complicate lymph node dissection”. It is doubted that
ICG is able to reach the fibrotic lymph nodes, leading to lymph node omission. Therefore, ICG-guided
lymph node harvesting may not be ideal for such patients. Despite this, Huang et al. recently studied the
impact of ICG on lymph node harvesting during laparoscopic D2 radical gastrectomy after adjuvant
chemotherapy. They found that for patients with no remission, ICG administration during laparoscopic
radical gastrectomy can enhance the lymph node harvest count, decrease the rate of lymph node
noncompliance, and reduce intraoperative bleeding. For patients with remission, the number of lymph
nodes harvested and the rate of lymph node noncompliance in the ICG group were comparable to those in
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the non-ICG group'*. Puccetti et al. reported, based on the results of a retrospective study of laparoscopic
total gastrectomy with D2 lymphadenectomy, that while ICG-guided lymphadenectomy increased the
extent of lymph node detection, some factors such as preoperative chemotherapy and positive lymph node
metastasis rates possibly limit the technical efficacy of ICG'*". An international multicenter prospective
study, including both surgery as first treatment and surgery after neoadjuvant treatment, is currently

underway to examine the clinical role of NIR/ICG technology for advanced gastric cancer surgery'®.

BLOOD PERFUSION ASSESSMENT DURING RECONSTRUCTIVE SURGERY

Anastomotic leakage, which correlates closely with anastomosis blood perfusion, is one of the most severe
complications in gastrointestinal surgery. Traditional blood perfusion evaluation methods are mainly based
on peristalsis, color, artery pulsation, or end bleeding. These methods rely primarily on the experience of
surgeons and can be inaccurate. When ICG is injected intravenously, it binds rapidly to plasma
lipoproteins, enabling the visualization of vessels that contain ICG (angiography). In recent years, ICG
angiography with NIR fluorescence imaging, which allows real-time and visual assessment of organ blood
perfusion, has been used in digestive surgery, particularly esophagectomy and colectomy. There are several
reviews of these topics'®”***, with some demonstrating that ICG fluorescence angiography helped reduce
anastomotic leakage'™".

It is still under debate as to how to define anastomosis blood perfusion by ICG, and no standardized
analysis method has been established. Sherwinter et al. proposed a scoring system comprising a fluorescence
score ranging from 1 to 5 (1 indicated no uptake, 5 indicated maximum uptakes, and the scoring was based
on a subjective assessment) to evaluate mucosal perfusion of the colon, rectum, and the anastomotic staple
line. In this study, a total of twenty patients underwent technically successful ICG angiograms, four of
whom had abnormal angiograms. In two of these cases, protective loop ileostomies were performed, and
there was no evidence of anastomotic leakage. The two other patients with diverting loop ileostomies were
found on CT scans to have peri-anastomotic collections consistent with anastomotic leaks. Based on their
findings, the authors concluded that transanal ICG angiography was viable and enabled imaging of mucosal
and anastomotic blood flow'*”. Huh et al. used the same scoring system and a laparoscopic system with a
NIR function to assess the anastomotic perfusion in 30 ICG-guided gastrectomies (distal gastrectomy with
B-I or B-II, total gastrectomy with Roux-en-Y, and pylorus-preserving gastrectomy). Seven patients (23.3%)
had abnormal ICG visualization. However, no modifications were recommended to the surgical plan, and
anastomotic leakage occurred in one patient with high clinical and fluorescence scores. The authors
concluded that when the fluorescence assessment showed sufficient perfusion, the anastomosis was
considered to have a healthy blood supply. However, careful monitoring of the anastomotic site is
warranted to detect any focal changes. On the contrary, in cases where the fluorescence assessment
indicated inadequate perfusion, the clinician could not definitively determine that all anastomoses are
unhealthy. Alternatively, closely monitoring the anastomotic site and implementing additional

precautionary measures were deemed necessary'*”.

In other studies, blood perfusion was assessed according to the perfusion time point™. Noma et al. used
ICG angiography to evaluate gastric conduit blood perfusion prior to esophagogastric anastomosis. Every
effort was made to complete the anastomosis within 30 seconds of the line. The result showed that the
incidence of anastomotic leakage in the ICG group was significantly lower compared to the non-ICG
group™. Similar results were obtained in a study by Luo ef al. in which a 60-second line was selected as a
point of differentiation between zones with good and poor perfusion. They used this 60-second rule for
McKeown minimally invasive esophagectomy with cervical anastomosis for esophageal cancer.
Anastomotic leakage was significantly lower in the ICG group than in the non-ICG group (1.2% vs.
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10.4%)"". Kumagai et al. proposed a 90-second rule that all anastomoses should be constructed within 90
seconds (ideally within 60 seconds) after the first fluorescent enhancement is observed at the root of the
right gastroepiploic artery. The incidence of anastomotic leakage was 1.4% (1/70) when the anastomosis was
carried out in the region where ICG perfusion was identified using fluorescence angiography within 90
seconds”. It should be noted that the reconstructed techniques and time calculation methods in these
studies were not all the same, so it is difficult to determine which time point was more accurate.

Mori et al. retrospectively evaluated ICG fluorescence of anastomosis on 100 laparoscopic gastrectomies,
including distal gastrectomy, proximal gastrectomy, and total gastrectomy. The reconstruction method
included B-I, B-II, and Roux-en-Y. The authors injected 0.5 mg/kg of ICG solution after the anastomosis
was completed'.

ICG fluorescence image patterns were categorized into homogeneous, heterogeneous, and faint groups,
determined by the fluorescence intensity observed on the proximal and distal sides of the anastomosis at 60
seconds. The ratios of anastomotic leak in the homogeneous, heterogeneous, and faint groups were 1.6% (1/
61), 2.7% (1/37), and 100% (2/2), respectively. Additionally, the authors reported a risk of anastomotic
leakage in situations where there was a considerable time gap between the staining of the oral and anal sides
of an organ utilized in anastomosis with ICG. Hayakawa et al. assessed blood perfusion on the lesser-
curvature side of the duodenum following a B-I anastomosis with delta anastomosis”*. This study observed
that the duodenal wall on the lesser curvature side was the final area to be stained with ICG at the
anastomotic site, suggesting that this region was particularly susceptible to altered blood flow.
Consequently, this susceptibility led to complications related to the anastomotic site in patients who
underwent RDG following delta-shaped anastomosis. It stated that time to fluorescence showed the most
favorable potential as a category for quantifying fluorescence angiography'™.

Compared to esophagus and colorectal surgery, there are fewer gastric surgery studies that have adopted
ICG to assess blood perfusion for reconstruction”. This may be due to the fact that the stomach has a rich
network of vessels in its submucosa, and the rate of anastomotic leakage is much lower than that of
esophagectomy or colorectal resection. In addition, the assessment method of ICG in blood perfusion is not
standardized at the moment. In our department, we routinely use ICG for blood flow assessment during an
esophagectomy. In some gastrectomy cases involving a high risk of anastomotic leakage, such as higher
esophagojejunostomy, ICG angiography is also performed [Figure 1]. Considering the disastrous
consequences of anastomotic leak after gastric surgery, it is still worth exploring the use of ICG fluorescence
for assessing anastomotic blood supply in the future.

ONGOING TRIALS AND PERSPECTIVE

Ongoing clinical trials include those for advanced and remnant gastric cancer, as well as clinical trials
comparing lymph node dissection by ICG infusion method and site. The POLA trial (NCT05720598) is
investigating the safety and feasibility of ICG-guided SLN detection in patients with advanced gastric cancer
undergoing multimodal therapy”. In addition, the NCT05687617 trial is a multicenter prospective study in
Canada that utilizes ICG fluorescence for the retrieval of peritoneal dissemination in diagnostic
laparoscopy. The iGreenGO (indocyanine Green Gastric Observation) study (NCT04943484) investigates
the rate of change in surgical techniques in ICG tracer-guided lymph node dissection for remnant gastric
cancer if the NIR/ICG technique is activated during surgery after macroscopic D2 lymph node
dissection'”. The NCT04219332 trial is investigating the impact of ICG injection sites in laparoscopic
gastrectomy on lymph node retrieval by comparing submucosal or subserosal injection sites in laparoscopic
gastrectomy. The NCT05229874 trial is a study of the efficacy and safety of carbon nanoparticle suspension
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Figure 1. (A) Spectrum of images in the usual form of esophagojejunostomy anastomosis; (B) Esophagojejunostomy seen with
indocyanine green (ICG) image-guided fluorescence. Copyright © 2023 Suguru Yamauchi. All rights reserved.

injection during robot-assisted gastrectomy compared to ICG tracer-guided lymph node dissection with the
number of dissected lymph nodes as the main outcome. These multifaceted trials are expected to contribute
to further evidence-based development of ICG-related surgical treatment for gastric cancer in the near
future.

CONCLUSION

Current research shows that NIR fluorescence imaging using ICG is a safe and promising technology in
minimally invasive gastric cancer. Intraoperative visualization of tumors is possible using ICG administered
in a small amount under the mucosa. ICG-equipped endoscopic clips prevent spillage and local dye spread,
allowing more accurate lesion localization. The lymphatic node is visualized efficiently using ICG without
contaminating the operating field. ICG can identify SLNs for early gastric cancer and greatly facilitate
lymph node dissection for advanced gastric cancer. Perfusion patterns after ICG angiography can help
assess the blood supply of anastomotic areas and predict leakage. Despite the numerous benefits, this
method has yet to be established as a golden standard. Therefore, further research should be conducted to
provide the additional evidence that is needed to confirm its clinical efficacy.
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