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ABSTRACT

INTRODUCTION  Gastric cancer is a common malignancy of the digestive system, primarily metastasizing
to the lymph nodes. Adequate lymph node dissection is crucial for accurate staging and improving patient
prognosis. However, the complex distribution of lymph nodes around the stomach poses a significant
challenge for thorough dissection.

AIM This study aimed to evaluate the efficacy and safety of laparoscopic radical gastrectomy guided
by indocyanine green (ICG) fluorescence imaging with subserosal ICG injection in lymph node dissec-
tion for gastric cancer.

MATERIALS AND METHODS  This retrospective study included 20 patients who underwent distal gastrec-
tomy at the Wenzhou People’s Hospital between January 2020 and December 2022. Of them, 10 patients
underwent conventional laparoscopic surgery, and the other 10 underwent laparoscopic surgery guided by
ICG fluorescence imaging. The 2 groups were propensity-matched for sex, age, and preoperative cancer
stage. General patient characteristics, lymph node dissection data, and perioperative outcomes, such
as procedure time, blood loss, and postoperative complications, were compared between the groups.
RESULTS The total number of dissected lymph nodes was higher in the fluorescence-guided group
than in the conventional surgery group, particularly in stations No. 6, 7, 8, 9, and 11p (all P <0.001).
There were no significant differences between the 2 groups in terms of procedure time, blood loss, and
the incidence of postoperative complications.

concLusions This preliminary study demonstrates that the use of ICG fluorescence imaging in minimally
invasive radical gastrectomy can significantly increase the number of dissected lymph nodes without
increasing the surgical risk.

INTRODUCTION  Gastric cancer is one of the most
common malignant tumors of the digestive tract,
ranking as the second leading cause of cancer-

precise staging but also improves long-term out-
comes of patients.*? International guidelines of
the Union for International Cancer Control and

-related death worldwide. In China, the incidence
of gastric cancer remains high."? Lymph node
metastasis is a primary mode of gastric cancer
spread, making thorough lymph node dissection
critical for accurate staging and improving pa-
tient prognosis. Studies have shown that more
extensive lymph node dissection not only aids in

the National Comprehensive Cancer Network rec-
ommend that at least 15 lymph nodes be dissect-
ed during radical gastrectomy for gastric cancer.'

However, the complex vascular and lymphat-
ic networks around the stomach pose significant
challenges for lymph node dissection during lap-
aroscopic surgery, especially in patients with
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TABLE 1 General patient characteristics

Conventional P value

LDG (n = 10)

ICG fluorescence—
—quided LDG

Variable

(n =10)

Age, y, mean (SD) 58 (11.5) 55(11.4) 0.91
Men/women, n 4/6 4/6 1
Tumor site, n Antrum 7 6 0.83
Angle 3 4 0.75
Preoperative clinical stage (AJCC 8th32), n 1A 2 1 0.59
IB 3 4 0.75
1A 2 2 1
3] 2 3 0.69
Negative lymph nodes on preoperative imaging, n 5 4 0.78
Body mass index, kg/m? mean (SD) 23.5(1.8) 23.3(2) 0.86
Tumor size, cm, mean (SD) 2.1(0.8) 2.2 (0.9) 0.74
Neoadjuvant chemotherapy, n 2 2 1
Pathological type, n Adenocarcinoma 1 8 0.61
Signgt ring cell 2 1 0.31
carcinoma
Mucinous 1 1 1

adenocarcinoma

Abbreviations: AJCC, American Joint Committee on Cancer, ICG, indocyanine green; LDG, laparoscopic distal

gastrectomy

a higher body mass index. In cases of advanced
gastric cancer, sufficient lymph node dissection
using a minimally invasive approach is challeng-
ing. Achieving efficient and precise lymph node
retrieval without increasing the risk for intraop-
erative complications is difficult, particularly for
inexperienced surgeons.

Near-infrared fluorescence imaging with indo-
cyanine green (ICG) has emerged as a novel sur-
gical navigation technique. Recent studies have
demonstrated that when ICG is locally inject-
ed around the primary gastric tumor, it is rap-
idly absorbed by the draining lymphatic system
and remains there for a prolonged period.'"'? Us-
ing near-infrared imaging systems, surgeons can
clearly delineate the lymph node regions around
the stomach in real-time, which allows them to
distinguish lymph nodes from blood vessels,
nerves, and fatty tissues. This significantly re-
duces the difficulty of lymph node dissection dur-
ing laparoscopic gastric cancer surgery, improv-
ing both efficiency and accuracy.'®"?

AIM  This study aimed to compare the efficacy
and safety of ICG fluorescence-guided laparo-
scopic distal gastrectomy with subserosal dye in-
jection with conventional laparoscopic distal gas-
trectomy in lymph node dissection.

MATERIALS AND METHODS Patients This ret-
rospective study included 20 patients, 10 of
whom underwent indocyanine green (ICG)
fluorescence—guided laparoscopic distal gastrec-
tomy with subserosal dye injection, while the other
10 underwent conventional laparoscopic distal gas-
trectomy. All patients were treated at the Wenzhou

People’s Hospital between January 2020 and De-
cember 2022. The groups were propensity-matched
for age, sex, and preoperative cancer stage to en-
sure intergroup comparability. Initially, 36 patients
who underwent distal gastrectomy for gastric can-
cer within the study period were considered. Pro-
pensity score matching was performed to select
10 patients for each group from among the 36 pa-
tients, aiming to achieve similar baseline charac-
teristics. The collected data included basic patient
characteristics (TABLE 1), lymph node dissection data,
and perioperative outcomes (including procedure
time, blood loss, postoperative complications, and
postoperative staging) (TABLE 2).

Surgical method Al patients were placed in a su-
pine position, with legs apart. A viewing port
was established below the umbilicus, and oper-
ational ports were set up at 2 cm below the cos-
tal margin, on the left and right anterior ax-
illary lines, and on the upper abdominal wall,
following the conventional 5-port method. Af-
ter confirming a lack of significant metasta-
ses in the abdominal cavity, ICG was injected
subserosally in the ICG group at specific sites
(the first branch of the left gastroepiploic ar-
tery, the first branch of the right gastroepiplo-
ic artery near the midpoint of the greater cur-
vature, the gastric angle, the first and second
branches of the left gastric artery, and the first
branch of the right gastric artery). The injection
concentration was 0.2-0.5 mg/ml, with 1.5 ml
per site.'® The surgical procedure started im-
mediately after the injection to ensure that by
the time the dissection phase began, the dye had
been adequately absorbed and provided optimal
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TABLE 2 Perioperative outcomes and lymph node dissection data

Variable ICG fluorescence—guided  Conventional P value
LDG (n = 10) LDG (n = 10)
Procedure time, min, mean (SD) 227 (26) 215 (14) 0.24
Intraoperative blood loss, ml, mean (SD) 75 (13) 79 (12) 0.5
Total lymph nodes dissected, n, mean (SD) 28.7 (5.4) 19.6 (4.7) <0.001
Cases with <15 lymph nodes dissected 0 0 N/A
Station No. 1 Total dissected, n, mean (SD)  2.22 (0.67) 2.04 (0.83) 0.62
Positive, n, mean (SD) 0 0 N/A
Station No. 3 Total dissected, n, mean (SD)  3.08 (1.49) 2.64 (0.76) 0.45
Positive, n, mean (SD) 0 0 N/A
Station No. 4 Total dissected, n, mean (SD)  2.83 (0.96) 2.42 (0.99) 0.39
Positive, n, mean (SD) 0 0 N/A
Station No. 5, 12a Total dissected, n, mean (SD)  5.16 (0.6) 4.86 (0.95) 0.43
Positive, n, mean (SD) 1.18 (0.64) 0.99 (0.42) 0.48
Station No. 6 Total dissected, n, mean (SD)  8.26 (1.13) 6 (0.84) <0.001
Positive, n, mean (SD) 1.96 (0.19) 1.53(0.21) <0.001
Station No. 7, 8, 9, and Total dissected, n, mean (SD)  11.98 (2.55) 7.63(2.39) <0.001
1p? Positive, n, mean (SD) 4.07 (0.57) 298(041)  <0.001
Complications according to the Clavien—Dindo classification,® n
Grade | 3 2 1
Grade Il 3 1 0.55
Grade llla 0 0 N/A
Grade lllb 0 0 N/A
Grade IV 0 0 N/A
Grade V 0 0 N/A
Postoperative staging (AJCC 8th32), n
1A 2 1 0.59
1B 3 4 0.75
1A 2 2 1
1IB 2 3 0.69
A 1 0 0.29

a Due to the fact that lymph nodes in stations 7, 8, 9, and 11p are all located around the celiac trunk, they are
collectively dissected as a single group during lymphadenectomy for gastric cancer. Therefore, these stations were

combined into a single category for this study.

Abbreviations: N/A, not applicable; others, see TABLE 1

fluorescence imaging. Guided by ICG fluores-
cence, distal gastrectomy and D2 lymph node dis-
section were performed following the Japanese
Gastric Cancer Treatment Guidelines.'® Lymph
node dissection was performed in the following
order: station No. 4, No. 6, No. 7, 8,9, and 11p,
No. 5, No. 12a, No. 3, and No. 1. In the control
group, the procedure followed the same proto-
col, without ICG injection. In both groups, sur-
geries were performed by the same experienced
surgical team, adhering to strict quality control
measures. Periprocedural images are shown in
FIGURES 1 and 2.

Ethics statement  This study protocol was reviewed
and approved by the Ethics Committee of Wenzhou
People’s Hospital (ky-2023-244). All patients signed
an informed consent form. The images presented
in the article were approved for publication by both
the patients and the Ethics Committee.

Statistical analysis Data analysis was conducted
using the R software (The R Foundation for Sta-
tistical Computing, Vienna, Austria). Quantita-
tive data are expressed as mean (SD) and were
compared using the analysis of variance. Qual-
itative data are presented as numbers and were
compared using the ¥? test. A P value below 0.05
was considered significant. Propensity match-
ing was performed using the R software “Match-
ing” package.

RESULTS The total number of dissected lymph
nodes in the fluorescence-guided group was high-
er than in the control group (mean [SD], 28.7 [5.4]
vs 19.6 [4.7]; P <0.001). In particular, the num-
ber of dissected lymph nodes was significantly
higher in stations No. 6 (mean [SD], 8.26 [1.13]
vs 6 [0.84] in the fluorescence-guided vs conven-
tional surgery group, respectively) and No. 7, 8, 9,
and 11p (mean [SD] 11.98 [2.55] vs 7.63 [2.39] in
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FIGURE 1 Injection sites of indocyanine green for fluorescence imaging; A — the first right epiploic artery; B — the first right gastric artery;
C — the gastric angle; D — the first and second branches of the left gastric artery; E — the first left epiploic artery (near the midpoint of the greater

gastric curvature)

FIGURE 2 Visualization of lymphatic structures after indocyanine green injection,
showing enhancement and delineation achieved through fluorescence; A — station No. 6
lymph nodes; B — stations No. 7, 8, 9, and 11p lymph nodes

the fluorescence-guided vs conventional surgery
group, respectively). The overall number of pos-
itive nodes was also higher in the fluorescence-
-guided group as compared with the control group
(mean [SD], 4.07 [0.57] vs 2.98 [0.41]; P <0.001).
There was no significant difference in the number
of dissected lymph nodes in stations No. 1, 3, 4,
5, and 12a. Also, no significant differences were
found between the 2 groups in terms of proce-
dure time, blood loss, and the incidence of post-
operative complications (TABLE 2).

DISCUSSION The application of ICG fluores-
cence imaging in medical research dates back to
the 1960s. It was initially used for evaluating car-
diac and liver function. In recent years, ICG has
been increasingly used for sentinel lymph node
mapping and tissue perfusion assessment, yield-
ing favorable clinical outcomes.""1217 With the in-
troduction of ICG-labeled near-infrared laparo-
scopic systems, the use of ICG in laparoscopic
surgeries has expanded significantly. The laparo-
scopic application of ICG includes intravenous in-
jection for tissue perfusion evaluation as well as
local injection around tumors for tumor localiza-
tion and lymph node navigation. Given the rich
vascularization and complex lymphatic drainage
of the stomach, lymph node dissection in gastric
cancer surgery has always been challenging, im-
pacting patient prognosis. Fluorescence-guided
lymph node dissection has thus become a focus
of research,?%-22 offering new solutions for im-
proving the accuracy of lymph node dissection
and patient outcomes.

Currently, the effectiveness of ICG fluo-
rescence imaging in enhancing lymph node
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retrieval in minimally invasive gastric cancer
surgery is still debated. Some studies, such as
the one by Lan et al,2% reported no significant in-
crease in total lymph node yield in the ICG group
as compared with the non-ICG group. Howev-
er, other works, including those by Kwon et al?*
and Cianchi et al,?® found that ICG fluores-
cence-guided minimally invasive gastrectomy
significantly improved lymph node retrieval
without compromising short-term outcomes.
Differences in these findings may be attribut-
ed to variations in ICG injection methods, tim-
ing, and concentrations. Huang et al'® showed
that submucosal ICG injection around the tumor
at 3, 6,9, and 12 o’clock positions 24 hours be-
fore surgery resulted in achieving good intraop-
erative imaging results. Based on these findings,
Chen et al*6 conducted the first prospective ran-
domized controlled trial to evaluate the clinical
efficacy of ICG fluorescence-guided lymph node
dissection in laparoscopic gastric cancer surgery.
They demonstrated that ICG guidance allows
for more effective lymph node retrieval without
increasing the risk of postoperative complica-
tions, providing valuable evidence for the use
of ICG in gastric cancer surgery. Patti et al?’ rec-
ommended routine use of ICG tracing technol-
ogy in gastric cancer surgery. These studies of-
fer important guidance and references for fur-
ther promotion and optimization of ICG fluo-
rescence imaging application in minimally in-
vasive gastric cancer surgery.

ICG can be administered in 2 ways to guide
lymph node dissection for gastric cancer: preop-
erative endoscopic submucosal injection or intra-
operative laparoscopic subserosal injection. Previ-
ous retrospective studies and a randomized con-
trolled trial indicated that preoperative submu-
cosal ICG injection effectively traced perigastric
lymph nodes, significantly increasing lymph node
yield without increasing the risk of surgical com-
plications.?8-3% Traditional approaches prefer pre-
operative submucosal ICG injection; however, re-
cent research confirmed that intraoperative sub-
serosal ICG injection yields similar lymph node
retrieval results and is associated with a compa-
rable surgical burden. Moreover, subserosal in-
jection is more convenient and associated with
lower economic and psychological burdens, which
makes it the recommended method.%'

This study shows that subserosal ICG injection
significantly enhances the safety and efficacy of
lymph node dissection. A significantly higher to-
tal number of dissected lymph nodes and positive
nodes was observed in the fluorescence-guided
group, as compared with the conventional sur-
gery group. Particularly in stations No. 7, 8, 9,
and 10, fluorescence imaging provided clearer
visibility, facilitating more thorough dissection.
These lymph node groups are critical for D2 dis-
section, and thorough dissection is crucial for im-
proving patient prognosis. Specifically, dissection
of station No. 7, 8, and 9 lymph nodes is challeng-
ing in conventional surgery, but is improved in

fluorescence-guided conditions, increasing thor-
oughness. The study also showed significant im-
provements in station No. 6 lymph node dissec-
tion in the fluorescence-guided group. In patients
with distal gastric cancer, station No. 6 lymph
node dissection in conventional surgery often re-
sults in injuries to the transverse mesocolon or
middle colic artery, leading to colonic ischemia
requiring resection. Under fluorescence imag-
ing, drainage areas of the station No. 6 lymph
nodes and the transverse colon can be clearly
distinguished, which aids in accurate dissection
and significantly improves safety and efficacy of
the procedure. Additionally, no significant dif-
ferences in perioperative complications were ob-
served between the groups, indicating that ICG
fluorescence-guided lymph node dissection does
not increase surgical risk while enhancing lymph
node retrieval. This has positive implications for
perioperative recovery and long-term outcomes
of patients.

This study has several limitations. First, it
is retrospective, nonrandomized, and was per-
formed in a single center, which limits general-
izability of the results. Second, long-term sur-
vival analysis of the patients was not performed;
hence, further observation is needed to deter-
mine whether the use of ICG technology can
improve long-term survival rates. Additional-
ly, during the subserosal injection of ICG, there
were occasional cases of leakage, which could
compromise the quality of lymph node imag-
ing. The operability of this technique needs fur-
ther improvement.

CONCLUSIONS Overall, ICG fluorescence imaging
technology with subserosal dye injection in min-
imally invasive radical gastrectomy shows broad
application prospects, significantly increasing
lymph node retrieval and ensuring surgical safe-
ty. This approach is expected to improve surgi-
cal precision and patient outcomes. Future re-
search and experiences will help further refine
this technology and provide more reliable treat-
ment options for minimally invasive gastric can-
cer surgery.
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