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Abstract

Purpose The incidence of adenocarcinoma of the esophagogastric junction (AEG) and proximal gastric cancer (PGC) is ris-
ing worldwide. Recently, the use of indocyanine green (ICG) tracer-guided surgery has been reported; however, its efficacy
for total/proximal gastrectomy has not been clarified. We evaluated the feasibility and safety of ICG fluorescent marking for
tumor localization in AEG/PGC treatment by laparoscopic surgery.

Methods We enrolled patients with AEG/PGC from October 2016 to March 2019 from a prospectively registered database.
On the day before surgery, ICG markings were made at four locations just at the edge of the tumor by gastrointestinal fiber-
scope examination. Surgery was performed while viewing the fluorescence image of ICG, and the proximal portions of the
esophagus and the distal portion of the stomach were resected at the edge of the area where ICG had spread.

Results We enrolled 130 patients with AEG/PGC. Overall, 107 patients were eventually included in the study: AEG n=64
(60%) and PGC n=43 (40%). ICG markings were detected intraoperatively in all cases, and cancer invasion into the resection
lines of the esophagus and stomach, performed based on ICG fluorescence images, was negative in all cases. The median
visible range of ICG fluorescence was 22.5 mm. ICG diffusion expanded 20 mm proximal for AEG. There were no adverse
events associated with endoscopic ICG injection.

Conclusion ICG fluorescence imaging is feasible and safe and can potentially be used as a tumor-marking agent for deter-
mining the surgical resection line for total/proximal gastrectomy in AEG and PGC treatment.

Keywords Laparoscopic/robotic surgery - Siewert - Adenocarcinoma of esophagogastric junction - Proximal gastric
cancer - Transhiatal approach - Proximal gastrectomy - Indocyanine green tracer-guided surgery

Introduction

In recent years, the incidences of adenocarcinoma of the
esophagogastric junction (AEG) and proximal gastric cancer
(PGC) have been rapidly increasing in Asian and Western
countries, despite the decline in the incidence of lower gas-
tric cancer [1-5]. The Siewert classification categorizes AEG
into three subtypes according to the anatomical location of
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the tumor epicenter relative to the esophagogastric junction,
as this reflects the differences in tumor behavior by loca-
tion [6]. Lymph node metastasis is a well-known prognostic
factor in malignant tumors [7]. The length of esophageal
invasion has been reported to determine the frequency of
mediastinal lymph node metastasis [7, 8]. Kurokawa et al.
[8] performed lymph node mapping for esophagogastric
junction tumors, including adenocarcinoma and squamous
cell carcinoma, according to the Japanese Classification of
Esophageal Cancer (11th edition) [9]. They recommended
resection of lymph nodes with a metastatic rate of at least 5%
and showed that the extent of lymph node resection should
be determined according to the preoperative diagnosis of
esophageal invasion.
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Several studies have demonstrated that the length of the
surgical margin from the resection line of the esophagus
and esophageal infiltration was related to the prognosis of
AEG [10-12]. Thus, securing the correct surgical margin
with adequate lymphadenectomy is the fundamental goal
of curative surgery. However, some previous studies have
found discrepancies between preoperative Siewert classifica-
tion and pathologic classification, especially in patients with
large tumors or hiatal hernias [13, 14]. Furthermore, in mini-
mally invasive surgeries, such as laparoscopic and robotic
surgeries, determining the tumor location during surgery is
difficult due to the lack of tactile sensation.

Recently, indocyanine green (ICG) fluorescence imaging
has become popular in laparoscopic surgery. ICG binds to
plasma proteins and fluoresces when stimulated by laser light
[15, 16] or near-infrared (NIR) light [17, 18] with a wave-
length of approximately 820 nm. The maximum absorption
and emission wavelengths of ICG are about 807 nm and
822 nm, respectively [19]. A dedicated scope and camera
then detect the fluorescence of the emitted ICG. Currently,
ICG fluorescence imaging is used for navigational laparo-
scopic gastrectomy, lymphatic flow detection, blood flow
visualization in gastric cancers [20-26], and tumor location
during tumor resection in laparoscopic distal gastrectomy
[27]. However, there are few reports of ICG fluorescence-
guided gastrectomy in minimally invasive surgery for AEG
and PGC.

Therefore, we evaluated the usefulness and safety of a
preoperative ICG marking method by activating NIR fluo-
rescence and a laparoscopic imaging system in treating
AEG/PCG.

Materials and methods
Study design

This cohort study used prospectively registered data to
evaluate the safety and efficacy of ICG fluorescence-guided
gastrectomy for AEG and PGC. We enrolled patients with
AEG according to the Japanese Classification of Esophageal
Cancer (11th edition) [9]/PGC with a location of the tumor
epicenter within 5 cm of the esophagogastric junction who
were scheduled to undergo laparoscopic total or proximal
gastrectomy from October 2016 to March 2019. Eligible par-
ticipants included those > 20 years old with histologically
confirmed AEG and gastric cancer. The following exclusion
criteria were applied: history of laparotomy; super-obese
patients with body mass index > 35, macroscopic type 4 (dif-
fuse infiltrative) or 5 (unclassifiable) gastric cancer accord-
ing to the Japanese Classification of Gastric Carcinoma, 3rd
English Edition [28]; previous or other concomitant cancer;
arenal, hepatic, or metabolic disorder (e.g., severe diabetes);
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cardiac disease; and a history of gastrectomy. Patients with
R1 resection for positive peritoneal lavage cytology with
no gross peritoneal dissemination were included, as gas-
trectomy for POCY 1 gastric cancer is a routine procedure.
Patients with bulky lymph nodes or distant metastasis, such
as para-aortic lymph node metastases, liver metastases, or
peritoneal dissemination, were treated with chemotherapy
followed by surgery. We also included patients who received
neoadjuvant chemotherapy and those who had undergone
conversion surgery after chemotherapy for unresectable gas-
tric cancer.

This study was approved by the Institutional Review
Board of Osaka International Cancer Institute (No.
18033-5). The data were collected and analyzed in accord-
ance with the Declaration of Helsinki (1975). All patients
provided written informed consent. Patients were withdrawn
from the study if they withdrew consent or experienced a
serious adverse event.

Study endpoints

The primary endpoints were the detection rate of ICG mark-
ing and the rate of negative infiltration to the esophageal
and gastric resection lines. The secondary endpoints were
the adverse events related to ICG injection, the length of the
proximal margin, and the perioperative outcomes, including
operative time, estimated blood loss, postoperative mortal-
ity, morbidity, and hospital stay. Morbidity was stratified as
recommended by Dindo et al. [29]. The Japanese Classifica-
tion of Gastric Carcinoma, 3rd English Edition, was used for
TNM staging [28].

Preoperative ICG marking

The procedure for ICG marking has been described pre-
viously [27]. In our previous study, 0.05 mg/mL of Diag-
nogreen solution was submucosally injected into gastric
mucosa at four sites (0.5 mL each; proximal, distal, and
bilateral) around the tumor under preoperative endoscopic
guidance. The visible range of ICG fluorescence was a
median of 25 mm [27]. As in the previous study, the solution
for ICG (Diagnogreen® Daiichi Sankyo Company, Limited
(Tokyo, Japan)) marking was prepared by dissolving 1 V
(25 mg) of Diagnogreen in 10 mL of distilled water, and
0.2 mL of this solution was mixed with 9.8 mL of distilled
water to obtain a 10-mL solution (0.05 mg/mL of Diagno-
green). The prepared solution was submucosally injected
into four sites (0.5 mL each; proximal, distal, and bilateral)
just at the edge of the tumor under endoscopic guidance
1 day before surgery (Fig. 1). Postoperatively, clipping was
performed at the injection site to evaluate the spread of ICG.
After tumor resection, the extent of ICG spread from the
clipping point was measured and recorded at four locations.
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Fig. 1 Trial profile. A total of
107 patients were included in
the study after applying the
exclusion criteria

Enrolled patients with proximal gastric and esophagogastric
junction cancer (Oct 2016-Mar 2019)

(n =130)

Excluded (n =23)

neuroendocrine carcinoma (n = 2)
Type 4 or 5 gastric cancer (n = 20)
ICG injection failure (n = 1)

Adenocarcinoma of esophagogastric junction and
proximal gastric cancer

(n=107)

Laparoscopic equipment

All procedures were performed using a laparoscopic laser-
free full HD system. Images were generated using an NIR/
ICG telescope and a camera head system IMAGE1 SPIES
™ System, KARL STORZ, Tuttlingen, Germany) connected
to a 30-degree rigid high-definition scope equipped with a
specific filter for optimal detection of NIR fluorescence
and white light without manual switching. The xenon light
source (D-LIGHT P, KARL STORZ) provided both visible
and NIR excitation light, enhancing the background dis-
play. Using a footswitch, the surgeon controlled the change
between white light and NIR fluorescence modes. Visuali-
zation of both standard and NIR light was improved by an
image enhancement system (IMAGE1 STM System, KARL
STORZ), which provided a visualization modality that could
be adjusted according to the surgeon’s preference.

Surgical approach

Surgery was performed by three surgeons, including one
experienced surgeon certified by the Japanese Society of
Endoscopic Surgery (with more than 200 cases of experi-
ence in laparoscopic gastrectomy for gastric cancer) and
two trainees. Trainees are always supervised by an expe-
rienced surgeon when performing this procedure. We have
previously reported our surgical procedure for laparoscopic
gastrectomy [30-32]. Briefly, the patient was placed in the
reverse Trendelenburg position with their legs open. The
surgeon stood between the patient’s legs, and assistants
were present on either side of the patient. Transumbilical
laparotomy was performed through a 2.5-3.0-cm vertical
umbilical incision, and a wound protector (Lap protector;
Hakko, Nagano, Japan) was placed. During the procedure,
the abdominal cavity was secured with approximately
8—12 mmHg of carbon dioxide insufflation according to the

patient’s body shape. Laparoscopic proximal gastrectomy
(including lower esophagectomy if an esophageal invasion
was present) was performed using five ports (one 12-mm
port in the umbilicus, 5-mm and 12-mm ports in the right
and left lateral abdomen, respectively). The esophagus and
stomach were first illuminated with white light (Fig. 2). The
ICG was then activated by NIR light and was observed using
the laparoscopic imaging system to determine the location
of the tumor. Laparoscopic ultrasonic coagulation scissors
(Harmonic ACE, Ethicon Endosurgery, Cincinnati, OH,
USA) were mainly used for esophageal and gastric mobi-
lization and lymph node dissection. After dissection of the
perigastric and suprapancreatic lymph nodes, the right and
left crura of the diaphragm were cut to secure visualization
of the lower mediastinal space. After opening the pericardial
region, lymph nodes 110 and 111, bordering the pericar-
dium and inferior vena cava, respectively, were dissected.
Next, lymph node dissection was performed at stations
112a0 along the aorta and 112pul along the lung. Finally, the
esophagus and stomach were incised at the proximal/distal
border of ICG staining using a linear stapling device with
reference to ICG fluorescence images (ECHELON FLEX
Powered ENDOPATH Stapler, Ethicon Endosurgery, Cin-
cinnati, OH or Signia™ with a Tri-staple 60 mm purple car-
tridge, Medtronic, Ireland, Dublin), after which the resected
specimen was extracted via a small incision. ICG staining
was defined as a region containing bright or faint fluores-
cence (Fig. 3). After gross examination and measurement
of serous tumor lesions, the esophagus and stomach were
opened along the greater curvature to examine the stomach
from the mucosal side and measure the size of the tumor and
length of the proximal and distal resection margins. If a posi-
tive resection margin was suspected, a histological examina-
tion of the frozen section was performed intraoperatively,
and if the pathological resection margin turned out to be
positive, an additional resection of the distal esophagus was
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Fig.2 ICG injection using
endoscopy. a Endoscopic photo
of AEG before ICG injection. b
Endoscopic photo of ICG injec-
tion. ICG was injected at four
locations just at the edge of the
tumor (proximal, anterior, pos-
terior, and distal to the tumor
edge). AEG, esophagogastric
junction; ICG, indocyanine
green

performed to make the proximal resection margin negative.
After resection of the esophagus or stomach, the gastroin-
testinal tract was reconstructed using intracorporeal anasto-
mosis [30, 31].

Perioperative surgical outcomes

The data were collected prospectively and recorded in
a computer database at our hospital. The collected data
included patient characteristics, operative time, estimated
blood loss, pathological findings (e.g., tumor depth, proxi-
mal and distal margins, number of lymph nodes dissected,
and lymph node metastasis), postoperative morbidity rate,
frequency of additional resection, and duration of postopera-
tive hospital stay. Outcomes specific to ICG marking were
the detection rate of ICG during gastrectomy, the size of the
visualized ICG, morbidity after a preoperative upper endos-
copy, and adverse effects after ICG injection.

Statistical analysis
All statistical calculations were performed using the JMP
v14 software (SAS Institute, Inc., Cary, NC, USA). The

demographic and clinicopathological characteristics are
summarized descriptively. All quantitative values are
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expressed as mean and standard deviation unless otherwise
stated. Student’s #-tests or Mann—Whitney U tests and Pear-
son’s y* tests were used to compare continuous and categori-
cal variables, respectively. All values were two-tailed, and
p-values < 0.05 were considered statistically significant.

Results

Baseline demographics and preoperative
assessment

The study flow chart is summarized in Fig. 1. We enrolled
130 patients with AEG/PGC who underwent laparoscopic
total or proximal gastrectomy between October 2016 and
March 2019. Of these patients, 23 were excluded due to
pathological neuroendocrine carcinoma (n=2), type 4 or
5 gastric cancer (n=20), and failed ICG infusion (n=1). A
total of 107 patients were eventually included in the study
(median age, 70 years; 86 males and 21 females). The base-
line characteristics of patients are summarized in Table 1.
The median tumor size was 40 mm, and the median length
of the esophageal invasion was 20 mm. Of the 107 patients,
64 (60%) had AEG (Siewert type I, n=35; Siewert type II,
n=159), and 43 (40%) had PGC. Proximal gastrectomy was
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Fig.3 ICG-guided transection of the esophagus. a White light image.
b Fluorescence image. ICG staining was defined as a region contain-
ing bright or faint fluorescence. The esophagus was transected at
the border of ICG staining. Since it was possible to switch between
visible and fluorescent images with a footswitch while viewing the

performed in 86 patients (80%), and total gastrectomy was
performed in 21 patients (20%).

Perioperative outcomes

Surgical outcomes are summarized in Table 2. All surger-
ies were performed laparoscopically, and none of the cases
required conversion to laparotomy. The median opera-
tive time was 292 min, and the estimated blood loss was
12.5 mL. Except for cases of gastric cancer with positive
peritoneal leverage cytology (n=3), peritoneal metasta-
sis (n=1), and lung metastasis (n=1), RO resection was
achieved in all patients. Overall, postoperative complica-
tions were observed in 13 patients (13%). Only one patient
(0.9%) had Clavien-Dindo grade III complication of pleural
effusion. There were no anastomotic-related complications
or pancreatic fistulas. The median postoperative hospital stay
was 7 days, and no mortality was recorded in this cohort.

Assessment of surgical margin
The rates of negative infiltration to the resection line of the

esophagus/stomach and surgical margin lengths are pre-
sented in Tables 2 and 3. All patients had negative proximal

positional relationship between the tumor and the gastric wall, it was
particularly effective in determining the resection line. This way, real-
time laparoscopic surgery under white light was made possible with-
out the need for night vision confirmation. ICG, indocyanine green

or distal infiltration to the resection line (100%). In patients
with AEG, the median lengths of the proximal and distal
margins were 27 mm (range: 2-60 mm) and 50 mm (range:
5-40), respectively. In patients with PGC, the median proxi-
mal margin was 34 mm (range: 5-65 mm), and the median
distal margin was 45 mm (range: 7-180 mm). The esopha-
gus was incised according to the ICG markings, and intraop-
erative gastrointestinal endoscopy was not required.

Intraoperative frozen section analysis deemed necessary
by the surgeon was performed in 5 patients (3 examined
the proximal margin, and 2 examined the distal margin).
No patients had positive frozen sections except one. One
patient had advanced cancer invading the diaphragmatic
crura with positive peritoneal filtration cytology. The resec-
tion line was 3 cm away from the ICG mark location, but
the frozen section of the proximal margin was positive. An
additional 1-cm resection of the proximal esophagus resulted
in a negative proximal resection and a pathologic proximal
margin of 7 mm.

Outcomes of ICG injection

All ICG-specific outcome measures are presented
in Tables 2 and 4. ICG markings were detected

@ Springer



3392

Langenbeck's Archives of Surgery (2022) 407:3387-3396

Table 1 Clinicopathological characteristics of patients

Table 1 (continued)

Patient characteristics

Overall n=107

Patient characteristics

Overall n=107

Age (years)
Median (range)
Sex (n)
Male/female
Body mass index (kg/m?)
ASA (n)
1/2/3
Histological type (Lauren classification) (n)
Intestinal
Diffuse
Tumor size (mm)
Median (range)
Length of esophageal involvement (mm)
Median (range)
Tumor type (n (%))

Adenocarcinoma of the esophagogastric junction

Proximal gastric cancer
Tumor location (n)
Less/Gre/Ant/Post/Circ
Clinical T status (n)
T1
T2
T3
T4
Clinical N status (1)
NO
N+ (N1/N2/N3)
Clinical M status (n)
MO
Ml
Clinical stage (n)
I
IA
IIB
I
IVA
IVB
Preoperative chemotherapy (1)
Yes
No
Type of gastrectomy (n (%))
Proximal gastrectomy
Total gastrectomy
Splenectomy (7)
Yes
No
Concurrent resection of other organs (7)
Transverse colon
Reconstruction method (n)
Valvuloplastic esophagogastrostomy

70 (35-86)

86/21
22.9 (14.8-33.9)

11/86/10

73
34

40 (7-150)

20 (0-50)

64 (60%)
43 (40%)

54/16/15/15/7

55
16
24
12

77
30 (20/7/3)

102
5

65
6

12
18

12
95

86 (80%)

21 (20%)

104

77

Double tract reconstruction

Roux-en-Y reconstruction
Pathological T status (1)

TO

9
21

1 (after chemo)
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T1 (T1a/T1b) 47 (8/39)

T2 23

T3 22

T4 (T4a/T4b) 14 (12/2)
Pathological N status (1)

NO 63

N+ (N1/N2/N3a/N3b) 44 (16/14/12/2)
Pathological M status (n)

MO 101

Ml 6
Pathological stage (n)

0 1

1 (IA/IB) 58 (42/16)

1T (ITA/1IB) 24 (12/12)

1T (IITA/IIB/IIC) 18 (6/8/4)

v 6
Residual tumor (n)

RO 102

R1 3

R2 2

The staging was performed according to the 8th edition of the Union
for International Cancer Controls

ASA, American Society of Anesthesiologists

intraoperatively in all cases, and the resection of the
esophagus and stomach was performed based on the
ICG fluorescence images. There were four patients with
BMI > 30 in this study, and ICG marks were detected in all
of them. No complications were associated with the upper
gastrointestinal endoscopy performed for ICG injection,
and no perioperative adverse events related to the use of
ICG, such as intra-abdominal peritonitis or adhesion, were
observed within the abdominal cavity during surgery.
The visible range of ICG fluorescence was 5-70 mm,
with a median of 22.5 mm. ICG diffusion in the tumor was
evaluated in four directions (proximal, distal, and bilat-
eral), and no difference in ICG diffusion distance between
these directions was observed. The median proximal ICG
diffusion of all cases was 20 mm. ICG diffusion expanded
20 mm proximal to the esophagus for AEG and 25 mm
for PGC. The median distance between the pathological
proximal margin and the edge of proximal ICG diffusion
(APM) was 5 mm (interquartile range: 0—-16.5 mm), and
that of the distal margin (ADM) was 20 mm (interquartile
range: 5-50 mm) (Fig. 4). APM was 5 mm (interquartile
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Table 2 Operative outcomes Table 3 Pathological surgical margins for AEG/PGC

Outcome Overall n=107 Overall (n=107) AEG (n=64) PGC (n=43)

Detection rate of ICG (n (%)) 107 (100%) Proximal margin (mm)

Operative time (min) Median (range) 30 (2-65) 27 (2-60) 34 (5-65)
Median (range) 292 (167-698) Mean +SD 31.0+13.5 28.3+13.0 349+13.4

Estimated blood loss (mL) Distal margin (mm)

Median (range) 12.5 (0-299) Median (range) 50 (5-180) 50 (5-140) 45 (7-180)
Blood transfusion (1 (%)) 2 (2%) Mean+SD 59.3+37.2 54+30.9 66.2+44.3
No. of lymph nodes retrieved (1) AEG, adenocarcinoma of the esophagogastric junction; PGC, proxi-

Median (range) 429+17.7 mal gastric cancer; SD, standard deviation
No. of metastatic lymph nodes ()
Median (range) 24+49
. Table 4 Expansion degree of ICG marking
Intraoperative endoscopy (1)
Yes/no 0/107 Overall (n=107) AEG (n=64) PGC (n=43)
Pathological examination of the resection line Proximal distance (mm)
Proximal margin Median (range) 20 (5-50) 20 (5-50) 25 (8-50)
Negative/Positive (n) 107/0 Mean +SD 22.6+8.1 216474 243488
Length of proximal margin (mm) Distal distance (mm)
Median (range) 30 (2-65) Median (range) 25 (5-60) 25 (5-60)  27.5 (5-60)
Distal margin Mean +SD 27.1£10.1 277+113 26395
Negative/positive (1) 107/0 Anterior distance (mm)
Length of distal margin (mm) Median (range) 20 (10-60) 20 (10-60)  27.5 (20-50)
Median (range) 50 (5-180) Mean + SD 254+8.1 23.5+79 27.8+8.1
Any postoperative complication (n (%)) 13 (12%) Posterior distance (mm
Clavien-Dindo grade II (n (%)) 5 4.7%) Median (range) 25 (10-70) 20 (10-60) 30 (20-70)
Anastomotic leakage/stricture 0 (0%) Mean + SD 26.1+9.2 24.1+84 28.6+9.8
Pneun'loma 2(1.9%) AEG, adenocarcinoma of the esophagogastric junction; /CG, indocya-
Bleeding 0 (0%) nine green; PGC, proximal gastric cancer; SD, standard deviation
Others 2 (1.9%)
Clavien-Dindo grade III (n (%)) 1 (0.9%)
Pleural effusion 1(0.9%)
Morbidity of preoperative endoscopy (n (%)) 0 (0%) (mm)
Prevalence of adverse effects of ICG injection (n (%)) 0 (0%) 140
Postoperative hospital stays (days) 120 .
Median (range) 7 (4-55)
Mortality (n (%)) 0 (0%) 100
ICG, indocyanine green :2

range: 0—11.5 mm), and ADM was 20 mm (interquartile
range: 5-50 mm) in patients with AEG.

Discussion

This study evaluated the safety and efficacy of preoperative
ICG marking in minimally invasive surgery for AEG and
PGC. The intraoperative ICG detection rate and the negative
infiltration to the surgical resection line were 100%, and the
use of ICG marking allowed us to secure the surgical margin
and easily determine the esophageal and gastric resection

1

40 T
x
R
X
-20 I

-40

APM ADM

Fig.4 Distance from the proximal/distal margins to the edge of the
ICG diffusion region. The median distance from the pathological
proximal margin and the edge of proximal ICG diffusion (APM) was
5 mm (range: —21-50 mm). ADM was 20 mm (range: — 10-145 mm).
APM, the distance from the pathological proximal margin and the
edge of proximal ICG diffusion. ADM, the distance from the patho-
logical distal margin and the edge of distal ICG diffusion. ICG, indo-
cyanine green

@ Springer



3394

Langenbeck's Archives of Surgery (2022) 407:3387-3396

lines. In addition, no adverse events related to ICG injection
were observed in the perioperative period. Thus, ICG mark-
ing is useful for detecting tumor localization and resection
lines in laparoscopic gastrectomy for AEG and PGC.

In laparoscopic surgery, the abdominal organs cannot be
touched; thus, the tumor location can only be determined by
the image on the monitor and the “sense of touch” through
forceps. In addition, in early-stage and advanced gastric can-
cers, unless the tumor is exposed to the serosa, the exact
tumor location cannot be visually confirmed by laparoscopy.
Furthermore, the spread of cancer in the lumen of both early
and advanced cancers cannot be detected outside the stom-
ach wall.

Previous reports on surgical treatment of gastric cancer
indicate that positive proximal margins have a poor prog-
nosis; thus, the proximal margin should be kept negative
[33, 34]. Moreover, the resection margin length from the
resection line and esophageal invasion are associated with
AEG prognosis [10—12]. Thus, ensuring the correct surgical
margin is an essential goal of radical surgery. In the present
study, we showed that all patients achieved negative surgi-
cal margins, and the median proximal margin was 30 mm,
with resection of the expansive portion of ICG detected on
extraluminal fluorescence imaging. Thus, our method helps
obtain sufficient and appropriate surgical margins for AEG/
PGC.

In this study, a histological examination of the frozen
section was performed intraoperatively when a positive
resection margin was suspected in the resection specimen.
Although one case with an advanced tumor had a positive
proximal margin, additional resection of the proximal esoph-
agus allowed the surgical margin to be negative. In this case,
the first resection line was 3 cm away from the ICG injec-
tion site, suggesting that tumor invasion was more proximal
than endoscopically diagnosed. ICG marking may assist in
detecting macroscopic tumor location, but we believe that
frozen sections are necessary to confirm the negative patho-
logic surgical margin. A frozen section examination should
be aggressively performed if a positive resection margin is
suspected in the resection specimen.

In gastric cancer, preoperative endoscopic tattooing
is a common practice; this method involves the injection
of a dye, such as black ink, locally near the tumor under
endoscopic guidance before surgery [35, 36]. However,
depending on the location of the tumor, amount of fat, and
thickness of the gastric wall, it may be difficult to identify
the tattoo before surgery. Additionally, localization can be
obscured due to the extensive spread of ink [37]. Another
disadvantage is the splattering of intra-abdominal and
intestinal mucosa following an intestinal puncture, leading
to peritonitis, intra-abdominal adhesions, and poor visual
field; the effect of ink under these conditions is unknown
[38, 39]. In contrast, ICG, a bioabsorbable drug with
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guaranteed safety, is effective in marking tumors because it
can be visualized regardless of local factors, such as tumor
location, fat content, and stomach wall thickness. Even if
ICG is punctured outside the gastrointestinal tract, unlike
ink tattoos, no color change is observed after spreading
to the abdominal cavity or mesentery. In this study, the
intraoperative ICG detection rate was 100%, regardless of
the patient’s body shape or tumor stage. When ICG was
injected preoperatively at the proximal edge of the tumor,
the median ICG spread was 20 mm on the mucosal side,
equivalent to intraoperative extraluminal detection. Thus,
preoperative intraluminal ICG injection is safe and effec-
tive for intraoperative detection of extraluminal ICG fluo-
rescence excitation.

Intraoperative endoscopy helps confirm tumor location
[40-42], but this method requires additional staff and pro-
longs operative time. Our method eliminates its need. In
addition, verifying the localization of the marking clip by
X-ray fluoroscopy is unnecessary. As a result, the operation
time might be minimized, and surgical invasion might be
reduced accordingly.

Our study has several limitations. First, the additional
equipment needed for ICG detection is more expensive than
that required for ink tattooing. Second, the time required
for endoscopy-guided ICG injection is longer than that
required for tattooing. Third, this study was limited to cases
in which ICG marking was performed the day before sur-
gery to exclude intraoperative endoscopy; further research
is needed to determine the appropriate timing for ICG injec-
tion. Fourth, this study included a small number of cases
from a single institution. Finally, ICG is not available for
patients who are prescribed medications or are allergic to
contrast media. Therefore, data from larger, multicenter
studies are needed to evaluate the safety and usefulness of
ICG fluorescence in determining tumor location.

Conclusion

This study demonstrated the usefulness of ICG fluores-
cence in laparoscopic surgery, including transhiatal lower
esophagectomy for AEG. Determination of the surgical
resection line using ICG fluorescence is useful and feasible,
as it can be confirmed in real-time during laparoscopic sur-
gery. The use of ICG resulted in negative resection margins
in all cases, which did not affect the technique or cause any
adverse events. We believe that ICG fluorescence is a valu-
able marking technique that will facilitate the next genera-
tion of AEG/PGC surgery.
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