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Table S1. Protocols and applications of Indocyanine Green Fluorescence to identify primary and 
secondary liver tumours. Abbreviations: HCC, Hepatocellular Carcinoma; CCA, Cholangiocarci-
noma; CRLM, Colorectal Liver Metastases; PLC, Primary Liver Cancer; FNH, Focal Nodular Hyper-
plasia; GIST, gastrointestinal stromal tumour, SCC, Squamous Cell Carcinoma; LT, Liver Trans-
plant; ICG, Indocyanine Green Fluorescence; NIR, near-infrared camera; PDE, Photodynamic Eye 
(Hamamatsu Photonics Co., Shizuoka, Japan); PIN, PINPOINT (Stryker Co., Michigan, US); HEMS, 
HyperEye Medical System (Mizuho Co., Ltd., Tokyo, Japan); Visera, Visera Elite II (Olympus Co., 
Tokyo, Japan); Image 1/Image 1S, Image 1/Image1 S camera systems (KARL STORZ SE and Co. KG, 
Tuttlingen, Germany); STORZ, KARL STORZ SE and Co. KG (Tuttlingen, Germany); PS, Positive 
Staining; NS, Negative Staining; NA, Not Available. 
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Author Year Study 
type 

Number 
of 

patients 

Type of 
surgery 
(Open, 

Minima
lly 

Invasiv
e 

Surgery
) 

Type of 
Laparos

copic 
System 

Type 
of 

Robot 
Syste

m 

Type of 
NIR 

Disease 
(HCC, 
CCA, 

CRLM 
or 

others) 

Age 
(mean, 
media
n ±SD 

or 
range) 

Cirrho
sis (%) 

Dose of 
ICG 

(mg/kg, 
ml) 

Timing 
of 

administ
ration 

Type of 
navigati

on 
(Tumor 
detectio

n, 
Segmen
tation, 
both) 

Other 
uses  

Major 
hepatecto

my (%) 

 
 

SIGN 

Gotoh 
et al. [6] 

2009 
Retrosp
ective 
study 

10 Open \ \ PDE HCC 
67 (55-

76) 
50.0 

0.5 
mg/kg 

Preopera
tive: 4.8 

(1-8) 
days 
prior 

Tumor 
detectio

n 
\ NA 

 
LOW 

Ishizaw
a et 

al.[13] 
2009 

Retrosp
ective 
study  

26 Open \ \ PDE 
HCC, 
CRLM 

NA NA 
0.5 

mg/kg 

Preopera
tive: 1 to 
7 days 

(median, 
3 days) 

in 
patients 

with 
HCC and 
from 1 to 
14 days 

(median, 
3 days) 

in 
patients 

with 
metastasi

s 

Tumor 
detectio

n 
\ NA 

 
 
 
 

LOW 

Uchiya
ma et 
al.[39] 

2010 
Retrosp
ective 
study 

32 Open \ \ PDE CRLM 
71.8 ± 

9.3 
NA 

0.5 
mg/kg 

Preopera
tive:       

2 weeks 
prior 

Tumor 
detectio

n 
\ NA 

 
ACCEPT 

Ishizuk
a et 

al.[40] 
2012 

Prospec
tive 

study 
7 Open \ \ PDE CRLM 

64.7 ± 
8.5 

NA 
0.1 

mg/kg 

Preopera
tive: 6.1 ± 
5.1 days 

prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Peloso 
et 

al.[41] 
2013 

Retrosp
ective 
study  

25 Open \ \ PDE CRLM 
61.5 

(42–87) 
NA 

0.5 
mg/kg 

Preopera
tive:     
24 h 
prior 

Tumor 
detectio

n 
\ NA 

 
ACCEPT 

Satou et 
al.[42] 

2013 
Retrosp
ective 
study  

17 Open \ \ PDE HCC 
66 (55–

78) 
NA 

0.5 
mg/kg 

Preopera
tive: 3 (1–
24) days 

prior 

Tumor 
detectio

n 
\ NA 

 
LOW 

Morita 
et 

al.[43] 
2013 

Retrosp
ective 
study  

58 Open \ \ PDE HCC 71 ± 8.4 NA 
0.5 

mg/kg 

Preopera
tive:     
3–28 
days 
prior 

Tumor 
detectio

n 
\ NA 

 
ACCEPT 

van der 
Vorst et 
al.[44] 

2013 

Rando
mized 

Clinical 
Trial 

40 Open \ \ Others CRLM 
63 (45-

77) 
0 10 or 20 

mg 

Preopera
tive: 24 
or 48 
hours 
prior 

Tumor 
detectio

n 
\ 15 

 
HIGH 

Kudo et 
al.[45] 

2014 
Case 
series 

17 

Minimal
ly 

Invasive 
Surgery 

NA \ 
Olympu

s 
HCC, 
CRLM 

NA NA 
0.5 

mg/kg 

Preopera
tive: 

within 2 
weeks 

Tumor 
detectio

n 
\ NA 

 
LOW 

Ishizaw
a et 

al.[10] 
2014 NA 170 Open \ \ PDE HCC NA 64.1 0.5 

mg/kg 

Preopera
tive: 

within 2 
weeks 

Tumor 
detectio

n 
\ NA  

HIGH 

Tanaka 
et 

al.[46] 
2014 NA 33 Open \ \ PDE 

PLC, 
CRLM 

61 and 
67.5 

27.2 
0.5 

mg/kg 

Preopera
tive:       

> 2 days 
prior 

Tumor 
detectio

n 
\ NA 

 
ACCEPT 
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Tumme
rs et 

al.[47] 
2014 

Rando
mized 

Clinical 
Trial 

3 

Minimal
ly 

Invasive 
Surgery 

NA \ STORZ 
Melano

ma 

68.6 
(75, 66, 

65) 
NA 10 mg 

Preopera
tive: 1 

day prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Kawag
uchi et 
al.[48] 

2015 
Case 

report 
2 

Minimal
ly 

Invasive 
Surgery 

NA \ 
Olympu

s 
HCC, 
CRLM 

69.5 
(66, 73) 

50 
0.5 

mg/kg 

Preopera
tive: 2 
weeks 
prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Shimad
a et 

al.[49] 
2015 

Retrosp
ective 
study 

19 Open \ \ PDE  
HCC, 
CRLM 

65 26 
0.5 

mg/kg 

Preopera
tive: 2-14 

days 
prior 

Tumor 
detectio

n 

To 
evaluat

e the 
liver 

tissue; 
also 

perform
ed 

intraope
rative 
ICG 

injectio
n in 

several 
cases 

0 

 
 
 
 
 
 

LOW 

Takaha
shi et 
al.[50] 

2016 
Prospec

tive 
study 

15 

Minimal
ly 

Invasive 
Surgery 

NA NA 
Firefly, 

PIN 
CRLM, 
FNH 

55.7 
(37-76) 

NA 
5 or 7.5 

mg 

1-2 days 
prior or 

intraoper
ative IV 

Tumor 
detectio

n 
\ 0 

 
LOW 

Kaibori 
et 

al.[51] 
2016 NA 48 Open \ \ PDE 

PLC, 
CRLM 

72±9 NA 
0.5 

mg/kg 

Preopera
tive: 14 

days 
prior 

Tumor 
detectio

n 
\ NA 

 
LOW 

Booger
d et 

al.[52] 
2016 NA 22 

Minimal
ly 

Invasive 
Surgery 

STORZ \ STORZ 
HCC, 

CRLM, 
others 

65 (28-
76) 

14 10 mg 
Preopera
tive:   24 

h prior 

Tumor 
detectio

n 
\ NA 

 
LOW 

Barabin
o et 

al.[53] 
2016 NA 3 Open \ \ Others CRLM NA NA 

0.25 
mg/kg 

Preopera
tive:   24 

h prior 

Tumor 
detectio

n 
\ NA 

 
LOW 

Kaibori 
et 

al.[54] 
2016 

Retrosp
ective 
study 

190 NA \ \ 

Clairviv
o OPT 

(Shimad
zu, 

Kyoto, 
Japan 

HCC 

HC 
group: 
68.8 ± 

9.3   
HS 

group: 
69.6 ± 

9.3 

HC 
group: 
58 (50 

%)   
HS 

group: 
1 (1 %) 

0.5 
mg/kg 

 
Preopera
tive: 1–8 
weeks 

prior to 
surgery 

Tumor 
detectio

n  
\ \ 

 
 

ACCEPT 

Handgr
aaf et 
al.[55] 

2017 
Retrosp
ective 
study  

67 Open \ \ Others CRLM 62 ± 9.2 NA 
10 or 20 

mg 

Preopera
tive: 1 or 

2 days 
prior 

Tumor 
detectio

n 
\ 10 

 
ACCEPT 

Masud
a et 

al.[56] 
2017 

Prospec
tive 

study 
33 Open \ \ Others HCC 53 ± 9.2 100 

0.05 
mg/kg 

Preopera
tive: 1 
week 
prior 

Tumor 
detectio

n 
\ \ 

 
ACCEPT 

Benedic
enti et 
al.[57] 

2018 
Case 

report 
1 Open \ \ PDE 

Metastas
es of 
SCC 

74 NA 
0.5 

mg/kg 

Preopera
tive: 10 

days 
prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Nanash
ima et 
al.[31] 

2018 
Case 

report 
3 Open \ \ PDE HCC 

75.3 
(66, 84, 
and 76) 

33.3 
0.5 

mg/kg 

Preopera
tive: 

several 
days 
prior 

Tumor 
detectio

n 
\ 67 

 
 

LOW 
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Lieto et 
al.[58] 

2018 
Retrosp
ective 
study  

9 Open \ \ Others 
HCC, 
CRLM 

65 (64-
79) 

NA 
0.5 

mg/kg 

Preopera
tive:   24 

h prior 

Tumor 
detectio

n 
\ NA 

 
 

LOW 

Aoki et 
al.[59] 

2018 
Compar

ative 
study 

25 

Minimal
ly 

Invasive 
Surgery 

NA \ PIN 
HCC, 
CRLM 

63 (34–
84) 

0 

0.5 
mg/kg 
of ICG 

(Diagno
green; 
Daiichi 
Sankyo, 
Tokyo, 
Japan) 

Preopera
tive: 2-14 

days 
before 

surgery 

Tumor 
detectio

n 
\ \ 

 
 
 

ACCEPT 

Yoshio
ka et 

al.[60] 
2019 

Case 
report 

1 

Minimal
ly 

Invasive 
Surgery 

NA \ NA HCC 73 100 
0.5 

mg/kg 

Preopera
tive: 2 
days 
prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Alfano 
et 

al.[61] 
2019 

Retrosp
ective 
study 

27 Open \ \ 
IMAGE

1S 
PLC, 

CRLM 
68.2 ± 

9.0 
48.2 

0.5 
mg/kg 

Preopera
tive: 

within 7 
days (>7 

days, 
additiona

l IV) 

Tumor 
detectio

n 
\ 15 

 
 

LOW 

Souzaki 
et 

al.[62] 
2019 

Retrosp
ective 
study 

10 
lesions 

Open \ \ 
D-

LIGHT 
P 

PLC and 
LT 

NA NA 
0.5 

mg/kg 

Preopera
tive: 

0.5 ± 33.7 
h 

Tumor 
detectio

n 
\ 60 

 
 

ACCEPT 
 
 

He et 
al.[63] 

2019 
Case 

report 
2 Open \ \ 

 Key 
Laborat
ory of 

Molecul
ar 

Imaging 
in 

Beijing 

HCC 56.5 100 
0.5 mg/k

g 

Preopera
tive:    

72-96 h 
before 

surgery 

Tumor 
detectio

n 
\ NA 

 
ACCEPT 

Shiraka
wa et 
al.[64] 

2019 
Prospec

tive 
study 

40 

Minimal
ly 

Invasive 
Surgery 

NA \ 

(Karl 
Storz 

GmbH 
& Co. 

KG 

Liver 
metastas

es of 
pancreati
c cancer 

NA NA 
0.5 

mg/kg 

Preopera
tive: 1 
day 

before 
surgery 

Tumor 
detectio

n 
\ \ 

 
LOW 

Li et 
al.[65] 

2020 
Retrosp
ective 
study 

23 

Minimal
ly 

Invasive 
Surgery 

\ 
Da 

Vinci 
Si 

NA FNH 30.5 NA 
0.25 

mg/kg 

Preopera
tive:  
48 h 
prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Achter
berg et 
al.[66] 

2020 
Retrosp
ective 
study 

16 
lesions 

Minimal
ly 

Invasive 
Surgery 

Olympu
s, 

Striker 

Da 
Vinci 

Visera, 
PIN, 

Firefly 
CRLM NA NA 10 mg 

Preopera
tive:  
24 h 
prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Li et 
al.[67] 

2020 
Case 

report 
1 

Minimal
ly 

Invasive 
Surgery 

NA \ NA HCC 57 NA 
0.25 

mg/kg 

Preopera
tive:  
72 h 
prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Tashiro 
et 

al.[68] 
2020 

Retrosp
ective 
study 

52 Open \ \ PIN 
HCC, 
CRLM 

72 and 
67.5 

(34-85) 
3.8 

0.5 
mg/kg 

Preopera
tive: 2-14 

days 
prior 

Tumor 
detectio

n 
\ NA 

 
ACCEPT 

He et 
al.[69] 

2020 

Rando
mized 

Clinical 
Trial 

21 

Minimal
ly 

Invasive 
Surgery 

NA \ Others 
Hepatolit

hiasis 
53.8 ± 
15.0 

NA 
0.25 

mg/kg 

Intraoper
ative: not 
detailed 

Tumor 
detectio

n 
\ 0 

 
ACCEPT 

Mehdo
rn et 

al.[70] 
2021 

Retrosp
ective 
study 

20 
Minimal

ly 
\ 

Da 
Vinci 

Xi 
Firefly 

HCC, 
CRLM 

64.0 ± 
12.3 

NA 
0.32 ± 
0.08 

mg/kg 

Preopera
tive:  

Tumor 
detectio

n 
\ 5 

 
ACCEPT 
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Invasive 
Surgery 

24 h 
prior 

Matsu
mura et 
al.[71] 

2021 
Case 

report 
1 Open \ \ PIN HCC 72 NA 2.5 mg 

Preopera
tive: 1 

day prior 

Tumor 
detectio

n 
\ 100 

 
LOW 

Bijlstra 
et 

al.[72] 
2021 

Case 
report 

2 Open \ \ Others GIST 
75.5 

(69 and 
82) 

NA 10 mg 

Preopera
tive:  
24 h 
prior 

Tumor 
detectio

n 
\ 0 

 
LOW 

Kobaya
shi et 
al.[73] 

2021 
Retrosp
ective 
study 

154 
lesions 
in 82 

patients  

Open  \ \ 
PDE-
NEO, 
PIN 

HCC, 
others 

0.25 
mg-IV: 
58 (40–

73) 
1.25 

mg-IV: 
69 (32–
82) 2.5 
mg-IV:  
73 (37–

87) 
3.75 

mg-IV: 
69 (46–

79) 

46.3 
(Cirrho

sis, 
Chroni

c 
Epatiti

s) 

 0.5 
mg/kg: 
for ICG 
retentio

n test 
0.25 mg, 
1.25 mg, 
2.5 mg, 
3.75 mg 

Preopera
tive 

Tumor 
detectio

n  
\ \  

 
 
 
 
 

HIGH 

Cho et 
al.[74] 

2021 
Retrosp
ective 
study  

17 

Open, 
Minimal

ly 
Invasive 
Surgery 

NA \ 
D-Light 
P, Karl 

Storz SE 

Hepatobl
astoma 

18 
month

s 
(range, 
4–140 
month

s) 

NA 
0.3 

mg/kg 

Preopera
tive: 24-

48 h 
before 

the 
surgery 

Tumor 
detectio

n 
\ \  

 
ACCEPT 

Han et 
al.[75] 

2021 
Retrosp
ective 
study  

4 

Minimal
ly 

Invasive 
Surgery 

NA \ PIN CCA 69 NA 5 mg 

Preopera
tive:  
24 h 

before 
the 

surgery 

Tumor 
detectio

n 
\ \  

 
LOW 

Whitloc
k et 

al.[76] 
2021 

Retrosp
ective 
study 

14 

Open, 
Minimal

ly 
Invasive 
Surgery 

NA  \ 

STORZ 
Image1T

M, 
MEDTR
ONIC 

Elevisio
nTM, and 

the 
STRYKE
R SPYTM 

HCC, 
Hepatobl
astoma, 
others 

NA NA 
0.2-0.75 
mg/kg 

Preopera
tive: 24– 

96 h 
before 

surgery 

Tumor 
detectio

n 
\ \ 

 
 
 
 

ACCEPT 

Lake et 
al.[77] 

2021 
Retrosp
ective 
study 

29 

Open, 
Minimal

ly 
Invasive 
Surgery 

NA \ 

Hamam
atsu 
PDE-
NEO, 

Stryker  
SPY-
PHI, 
1588-
AIM 

system 

Hepatobl
astoma  

3.64 NA 
0.5 

mg/kg 

Preopera
tive: 1–6 

days 
prior to 
surgery 

(liver 
resection

) 24 h 
prior to 
surgery 

(metastat
ectomy) 

Tumor 
detectio

n 
\ \ 

 
 
 
 

ACCEPT 

Gerber 
et 

al.[78] 
2022 

Retrosp
ective 
study 

17 

Minimal
ly 

Invasive 
Surgery 

NA \ PIN HCC 63 ± 
4.49 

NA 

Intraope
rative: 
0.3125 
mg + 

Second 

Intraoper
ative 

Tumor 
detectio

n 
\ NA 

 
 

ACCEPT 
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dose of 
0.3125 
mg if 

needed 

Tashiro 
et 

al.[12] 
2022 

Retrosp
ective 
study 

3 Open \ \ 

BZ-X800 
fluoresc

ence 
microsc

ope 
(Keyenc

e, 
Osaka, 
Japan) 

using an 
OP-

87767 
ICG 
filter 

(Keyenc
e) 

HCC, 
CRLM, 
Lung 

carcinoid 
liver 

metastas
es 

72.5 
(65-83) 

NA 
0.5 

mg/kg 

Preopera
tive: 2-14 

days 
before 

the 
surgery 

Tumor 
detectio

n 
\  \ 

 
 
 
 

LOW 

Seo et 
al.[79] 

2022 
Case 

report 
1 

Minimal
ly 

Invasive 
Surgery 

NA \ NA CRLM 75 NA 
0.5 

mg/kg 

Preopera
tive:  
48 h 

before 
the 

surgery 

Tumor 
detectio

n 
\  \ 

 
LOW 

Feng et 
al.[80] 

2022 
Retrosp
ective 
study  

11 

Open, 
Minimal

ly 
Invasive 
Surgery 

NA 
Da 

Vinci 

OPTO-
CAM21

00 
(Guang

dong 
Optome

dic 
Technol
ogies, 
Inc.), 

FLI-10B 
(Nanjin

g 
Nuoyua

n 
Medical 
Devices 

Co., 
Ltd.), 
DPM-
III-01 

(Zhuhai 
Dipu 

Medical 
Technol
ogy Co., 

Ltd.) 
and the 

Da Vinci 
Surgical 
System 

Hepatobl
astoma, 

Calcified 
nested 

stromal-
epithelial 

tumor, 
Yolk sac 
tumor, 

undiffere
ntiated 

embryon
al 

sarcoma 
of liver 

48 
month

s 
NA 

from 0.1 
to 0.2 
mg/kg 

Preopera
tive: 24 h 

before 
the 

surgery 

Tumor 
detectio

n 
\ \  

 
 
 
 
 
 
 
 
 
 

ACCEPT 

Shen et 
al.[81] 

2022 
Retrosp
ective 
study  

16 Open \ \ NA 
Hepatobl
astoma 

15 
month
s (8–
134 

month
s) 

NA 
0.5 

mg/kg 

Preopera
tive: 48-

72 h 
before 

surgery 

Tumor 
detectio

n 
\ NA 

 
LOW 
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Hu et 
al.[82] 

2022 
Retrosp
ective 
study 

29 

Minimal
ly 

Invasive 
Surgery 

Guangd
ong 

Optome
dic 

Technol
ogies, 
Inc. 

\ NA HCC 
58.17±9

.99 
NA 

0.3-0.5 
mg/kg 

Preopera
tive: 2-3 

days 
before 

surgery 

Tumor 
detectio

n 
\ \  

 
LOW 

Wang 
et 

al.[83] 
2022 

Retrosp
ective 
study 

14 

Minimal
ly 

invasive 
Surgery 

NA \ NA 

NETs 
liver 

metastas
es 

54.5 
(46–60) NA 

0.1–0.5 
mg/kg 

Preopera
tive: 1 to 
3 days 
before 

surgery 

Tumor 
detectio

n 
\ 0 

 
ACCEPT 

Itoh et 
al.[84] 

2022 
Retrosp
ective 
study 

55 (32 
using 

propens
ity score 
matchin

g) 

Minimal
ly 

Invasive 
Surgery 

NA \ 

The 
Visera 
Elite II 

(Olymp
us, 

Tokyo, 
Japan) 

or 
IMAGE

1 S 
Camera 
Systems 
(KARL 
STORZ, 

El 
Segund
o, CA, 
USA) 

HCC, 
CCA, 

metastati
c liver 
tumor 

67 (44–
83) 

NA 5 mg/kg 

Preopera
tive: 2–7 

days 
prior to 
surgery  

Tumor 
detectio

n 
\  \ 

 
 
 
 
 

ACCEPT 

Peng et 
al.[85] 

2022 
Case 

report 
1 

Minimal
ly 

Invasive 
Surgery 

NA \ NA 

Liver 
metastas

es of 
rectal 

neuroen
docrine 
tumor 

58 0 
0.5 

mg/kg 

Preopera
tive:  
24 h 

before 
surgery 

Tumor 
detectio

n  
\ \  

 
 

LOW 
 
 

Rompia
nesi et 
al.[86] 

2023 
Prospec

tive 
study  

Preoper
atively 
in 61 

patients 

Minimal
ly 

Invasive 
Surgery 

\ 
Da 

Vinci 
Xi 

Firefly 

HCC, 
CRLM, 
CCA, 
others 

64.8 
(20–84) 

NA 

Preoper
ative: 
0.25–
0.50 

mg/kg 

Preopera
tive: 2-4 

days 
before 

the 
surgery 

Tumor 
detectio

n 
\ \  

 
 

ACCEPT 
 
 

Shen et 
al.[87] 

2023 
Retrosp
ective 
study  

23 Open \ \ 

NIF 
imaging 
system 
(Real-
IGS, 

Nuoyua
n 

Medical 
Equipm

ent 
Co., 
Ltd., 

Nanjing, 
China 

Hepatobl
astoma  

31 
month

s 
NA 

0.1 
mg/kg 

Preopera
tive:    

24-48 h 
before 

surgery 

Tumor 
detectio

n 
\ 43.47  

 
 
 
 
 

LOW 

Sebagh 
et 

al.[88] 
2023 

Retrosp
ective 
study  

16 Open \ \ 

The 
Fluobea

m® 
(Fluopti
cs SAS, 
Grenobl

HCC 
68 (48–

81) 
NA 

0.2 
mg/kg 
body 

weight 

Preopera
tive: 

about 18 
h before 
surgery 

Tumor 
detectio

n 
\  \ 

 
 
 

ACCEPT 
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e, 
France) 

Liu et 
al.[89] 

2023 
Retrosp
ective 
study 

22 

Open, 
Minimal

ly 
Invasive 
Surgery 

FLI-10B 
(Nanjin

g 
Nuoyua

n 
Medical 
Devices 

Co., 
Ltd.), 

OPTO–
CAM21

00 
(Guang

dong 
Optome

dic 
Technol
ogies, 
Inc.), 

DPMIII-
01 

(Zhuhai 
Dipu 

Medical 
Technol
ogy Co., 

Ltd.) 

Da 
Vinci 

Surgica
l 

System 

FLI-10B 
(Nanjin

g 
Nuoyua

n 
Medical 
Devices 

Co., 
Ltd.), 

OPTO–
CAM21

00 
(Guang

dong 
Optome

dic 
Technol
ogies, 
Inc.), 

DPMIII-
01 

(Zhuhai 
Dipu 

Medical 
Technol
ogy Co., 

Ltd.) 

Hepatobl
astoma 

32.5 
(15-
45.3) 

NA 
0.1–0.5 
mg/kg 

Preopera
tive 1-3 

days 
before 

surgery 

Tumor 
detectio

n 
\ NA 

 
 
 
 
 
 
 
 

ACCEPT 
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Table S2. Protocols and applications of Indocyanine Green Fluorescence to liver segment 
identifications. Abbreviations: HCC, Hepatocellular Carcinoma; CCA, Cholangiocarci-
noma; CRLM, Colorectal Liver Metastases; PLC, Primary Liver Cancer; FNH, Focal Nod-
ular Hyperplasia; GIST, gastrointestinal stromal tumour, SCC, Squamous Cell Carcinoma; 
LT, Liver Transplant; ICG, Indocyanine Green Fluorescence; NIR, near-infrared camera; 
PDE, Photodynamic Eye (Hamamatsu Photonics Co., Shizuoka, Japan); PIN, PINPOINT 
(Stryker Co., Michigan, US); HEMS, HyperEye Medical System (Mizuho Co., Ltd., Tokyo, 
Japan); Visera, Visera Elite II (Olympus Co., Tokyo, Japan); Image 1/Image 1S, Image 1/Im-
age1 S camera systems (KARL STORZ SE and Co. KG, Tuttlingen, Germany); STORZ, 
KARL STORZ SE and Co. KG (Tuttlingen, Germany); PS, Positive Staining; NS, Negative 
Staining; NA, Not Available. 

Author Year Study 
type 

Number 
of 

patients 

Type 
of 

surger
y 

(Open, 
Minim

ally 
Invasi

ve 
Surger

y) 

Type of 
Laparos

copic 
System 

Type 
of 

Robot 
System 

Type of 
NIR 

Disease 
(HCC, 
CCA, 

CRLM 
or 

others) 

Age 
(mean, 
median 
±SD or 
range) 

Cirrho
sis (%) 

Dose of 
ICG 

(mg/kg, 
ml) 

Timing 
of 

administ
ration 

Type of 
navigati

on 
(Tumor 
detectio

n, 
Segment

ation, 
both) 

Other 
uses  

Major 
hepatecto

my (%) 

 
 

SIGN 

Aoki et 
al.[1] 

2008 
Retrosp
ective 
study 

35 Open  \ \ PDE-2 

HCC, 
CCA, 

CRLM, 
others 

66 (46–
80) 

34.28 

One 
milliliter 
of ICG 
(Wako 
Pure 

Chemica
l 

Industri
es, 

Osaka, 
Japan) 

(5 
mg/ml) 

Intraoper
ative: 
NA 

Segment
ation 

\ \ 

 
 
 

HIGH 

Aoki et 
al.[90] 

2009 
Retrosp
ective 
study 

81 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PDE 
PLC, 

Metastas
es 

69 (46-
87) 

18.5 5 mg 
Intraoper

ative:   
PS 

Segment
ation 

\ NA 
 

ACCE
PT 

Uchiya
ma et 
al.[91] 

2011 
Retrosp
ective 
study 

22 Open \ \ PDE HCC 
73.5 ± 

9.8 
100 

0.5 
mg/kg 

Intraoper
ative: NS 

Segment
ation 

\ 36 
 

ACCE
PT 

Ishizawa 
et al.[92] 

2012 NA 2 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ NA NA NA NA 

0.025 
mg for 

PS 
2.5 mg 
for NS 

Intraoper
ative: PS 
and NS 

Segment
ation 

\ NA 
 

LOW 

Sakoda 
et al.[93] 

2014 
Case 

report 
2 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ Olympus HCC 
75 (72, 

78) 
100 5 mg Intraoper

ative: PS 
Segment

ation 
\ 0 

 
LOW 

Kurihara 
et al.[94] 

2015 
Case 

report 
2 Open \ \ HEMS 

CCA, 
CRLM 

68 (78, 
58) 

0 
0.25 

mg/kg 
Intraoper
ative: NS 

Segment
ation 

\ 100 
 
 

LOW 
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Inoue et 
al.[95] 

2015 
Case 

report 
24 Open \ \ HEMS 

PLC, 
CRLM 

70(51-
86) 

16 2.5 mg 
Intraoper
ative: PS 
and NS 

Segment
ation 

\ 25 

 
 

HIGH 
 

Miyata 
et al.[96] 

2015 NA 30 Open \ \ PDE 
PLC, 

CRLM 
NA 20 0.25 mg 

Intraoper
ative: PS 

Segment
ation 

\ 7 

 
 

ACCE
PT 

Inoue et 
al.[97] 

2015 
Prospec

tive 
study 

24 Open \ \ 

HyperEye 
Medical 
System, 
Mizuho 

Ika-kogyo 
Co 

HCC, 
CRLM, 

CCA 

70 (51–
86) 

16.8 2.5 mg 

Preopera
tive ICG-
R15: 28 h 
(27–170) 
before 

surgery 
and 

intraoper
ative: 
NA 

Segment
ation 

\ 0 

 
 
 

HIGH 

Kobayas
hi et 

al.[98] 
2017 NA 105 Open \ \ PDE 

PLC, 
Metastas

es 

68 (17-
83) 

14.3 0.25 mg 
Intraoper
ative: PS 
and NS 

Segment
ation 

\ 10 
 

HIGH 

Kawagu
chi et 
al.[99] 

2017 NA 21 Open \ \ PDE 
HCC, 
CRLM 

67 (38–
84) 

19.0 

2⋅5 μg 
per ml 
Total 
Liver 

Volume) 

Intraoper
ative: NS 

Segment
ation 

\ 33 
 

LOW 

Meng et 
al.[100] 

2018 
Case 

report 
1 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
Healthy 
liver in 

LT 
34 0 1.0 mg 

Intraoper
ative: PS 

Segment
ation 

\ 100 
 

LOW 

Nomi et 
al.[101] 

2018 
Retrosp
ective 
study  

16 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN NA NA NA 1.5 mg 
Intraoper
ative: NS 

Segment
ation 

\ 13 
 

LOW 

Nishino 
et 

al.[102] 
2018 

Retrosp
ective 
study  

23 Open \ \ Others 
PLC, 

CRLM 
66.9 ± 
10.7 

NA 0.25 mg 
Intraoper
ative: PS 
and NS 

Segment
ation 

\ 61 
 

LOW 

Yang et 
al.[103] 

2018 
Prospec

tive 
study  

27 Open \ \ 

PINPOIN
TTM 

imaging 
system 

(NOVAD
AQ, 

Toronto, 
Canada) 

HCC, 
CCA, 

Metastat
ic 

disease, 
focal 

nodular 
hyperpla

sia 

48.9 ± 
12.6 

29.6 

Intraven
ous (IV): 
2.5 mg 

PV: 0.25 
mg 

Intraoper
ative: 
NA 

Segment
ation  

\ \ 

 
 
 

ACCE
PT 

Ueno et 
al.[104] 

2018 
Retrosp
ective 
study  

10 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
HCC, 
CRLM 

74 ± 7 NA 0.25 mg 
Intraoper
ative: PS 

Segment
ation 

\ 0 
 

LOW 

Chiba et 
al.[105] 

2019 
Retrosp
ective 
study 

24 Open \ \ HEMS 
Gallblad
der Ca 

73 (56-
82) 

NA 5 mg Intraoper
ative: PS 

Segment
ation 

\ 0 
 

LOW 

Ueno et 
al.[106] 

2019 
Retrosp
ective 
study 

10 

Minim
ally 

Invasiv
e 

NA \ PIN HCC, 
CRLM 

73.6 NA 

2 mL 
diluted 

ICG 
saline 

solution 

Intraoper
ative: 
NA 

Segment
ation  

\ \ 

 
 
 
 

LOW 
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Surger
y 

(0.125 
mg/mL, 
Daiichi 
Sankyo, 
Japan) 

Nanashi
ma et 

al.[107] 
2019 

Prospec
tive 

study 
40 Open \ \ 

PDE 
Hamamat

su 
Photonics 

HCC, 
CCA, 

CRLM, 
benign 
lesions  

68.6 ± 
9.1 

17.5 
0.25 

mg/mL 
Intraoper
ative: PS 

Segment
ation 

\ 2.08 
 

ACCE
PT 

Xu et 
al.[108] 

2020 
Retrosp
ective 
study 

36 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
PLC, 

others 
58 (34-

74) 
67 

1.25-2.5 
mg for 

PS 
2.5 mg 
for NS 

Intraoper
ative: PS 
and NS 

Segment
ation 

\ 42 
 

LOW 

Kubo et 
al.[109] 

2020 
Retrosp
ective 
study 

12 Open \ \ 
HEMS, 

PIN 
PLC, 

CRLM 
67.3 ± 

9.0 
NA 2.5 mg Intraoper

ative: NS 
Segment

ation 
\ 100 

 
LOW 

Ito et 
al.[110] 

2020 
Retrosp
ective 
study 

3 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
HCC, 
CRLM 

71.7 ± 
6.0 

NA 0.25 mg 
Intraoper
ative: PS 

Segment
ation 

\ 0 
 

LOW 

Pansa et 
al.[111] 

2020 
Case 

report 
1 Open \ \ PIN HCC 71 NA 7.5 mg 

Intraoper
ative: NS 

Segment
ation 

\ 0 
 

LOW 

Urade et 
al.[112] 

2020 
Retrosp
ective 
study 

3 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ 
Visera, 

PIN 
HCC, 
CRLM 

64 ± 18 33.3 2.5 mg Intraoper
ative: NS 

Segment
ation 

\ 0 
 

LOW 

Aoki et 
al.[113] 

2020 
Retrosp
ective 
study 

14 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
HCC, 
CRLM 

64(42-
85) 

NA 
0.025 
mg 

Preopera
tive: PS 

Segment
ation 

\ 0 
 

LOW 

Zhai et 
al.[114] 

2020 
Retrosp
ective 
study  

11 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN CCA 58.5 NA 1 mg 
Intraoper
ative: NS 

Segment
ation 

\ \ 
 

ACCE
PT 

Berardi 
et 

al.[115] 
2021 

Retrosp
ective 
study 

86 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ 
Visera, 

PIN 
HCC, 
CRLM 

69 (66-
77) 

59.3 0.5 mg Intraoper
ative: NS 

Segment
ation 

\ 0 
 

HIGH 

Procopio 
et 

al.[116] 
2021 

Prospec
tive 

study 
15 Open \ \ HEMS HCC 

71 (52-
85) 

86.7 
0.5 

mg/kg 
Intraoper
ative: NS 

Segment
ation 

\ 0 
 

LOW 

Funamiz
u et 

al.[117] 
2021 

Retrosp
ective 
study 

74 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ 

PIN, 
VISERA, 
HOPKIN

S II 

HCC, 
CRLM, 
CCA, 
others 

69.3 ± 
2.1 

46 
0.5 

mg/bod
y  

Intraoper
ative: NS 

Segment
ation 

\ 0 
 

ACCE
PT 

Yasuda 
et 

al.[118] 
2021 

Case 
report 

1 

Minim
ally 

Invasiv
e 

NA \ VISERA HCC 69 NA 2.5 mg 
Intraoper
ative: NS 

Segment
ation 

\ \ 
 

LOW 
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Surger
y 

Li et 
al.[119] 

2021 
Retrosp
ective 
study  

8 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ NA HCC NA NA 

5 mL 
bolus of 

ICG 
with a 

concentr
ation of 

125 
mg/mL 

Intraoper
ative: PS 

Segment
ation 

\ \ 

 
 

ACCE
PT 

Liang et 
al.[120] 

2021 
Retrosp
ective 
study 

43 

Minim
ally 

Invasiv
e 

Surger
y 

L-
PMOD, 

UHS 
\ 

PINPOIN
T 

HCC, 
CCA, 

CRLM, 
others 

55.4 ± 
12.7 

27.9 
1 ml, 5 
mg/L 

Intraoper
ative: NS 

Segment
ation 

\ 0 
 

ACCE
PT 

Ceccarel
li et 

al.[121] 
2022 

Case 
report 

1 

Minim
ally 

Invasiv
e 

Surger
y 

\ 
Da 

Vinci 
Xi 

NA CCA 77 0 0.5 mg 

Intraoper
ative: 

PS and 
NS 

Segment
ation 

Biliary 
tree 

visualiz
ation 

0 
 

ACCE
PT 

Kasai et 
al.[122] 

2022 
Case 

report 
1 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN HCC 60 100 

Intraope
rative: 

0.25 mg 
percutan

eous 
tumor-
bearing 
portal 
vein 

punctur
e for P8 

Intraoper
ative: 
NA 

Segment
ation 

\ NA 

 
 
 

ACCE
PT 

Chen et 
al.[123] 

2022 
Case 

report 
1 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ NA HCC 65 100 
0.5 

mg/kg 

Preopera
tive: 7 
days 

prior NS 

Segment
ation  

Hepatic 
bile 
duct 

visualiz
ation 

\ 
 

LOW 

Lan et 
al.[124] 

2022 
Retrosp
ective 
study  

24 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 

HCC, 
Metastas

is, 
Hepatoli
thiasis, 

Hemang
ioma, 
FNH 
and 

hyperpla
stic 

disease 

60.04±9.
94 

NA 

5 ml of 
0.025 

mg/ml 
ICG 

Intraoper
ative 
NA 

Segment
ation  

\ 41.66 

 
 
 

ACCE
PT 

Zhang et 
al.[125] 

2022 
Retrosp
ective 
study 

20 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ 
NOVAD

AQ 
CCA 

ICG 
Group 
(N=12) 

= 59 
(53.3-
64.5) 
ICG 

failed 
group  

(N=8) = 
62 

(50.5e68
.0) 

NA 
0.025 

mg/mL 

Intraoper
ative 
NA 

Segment
ation 

\ \ 

 
 
 

ACCE
PT 
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Cheng et 
al.[126] 

2022 
Retrosp
ective 
study 

24 

Minim
ally 

Invasiv
e 

Surger
y, 

conver
sion to 
open 

NA \ NA 
HCC, 
CCA 

55.5±12.
5 

33.3 2.5 mg Intraoper
ative: NS 

Segment
ation 

\ 0 

 
 

ACCE
PT 

 

Zhou et 
al.[127] 

2023 
Retrosp
ective 
study 

50 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ NA HCC 
58.26±1

0.30 
66 1–5 ml 

Intraoper
ative; 

PS and 
NS 

Segment
ation 

\ NA 
 

ACCE
PT 

Sun et 
al.[128] 

2023 
Case 

report 
1 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ NA HCC 53 NA 

Percuta
neous 

injection 
of 5 mL, 

0.025 
mg/mL 
of ICG 
into the 

S8 
portal 
branch 

by using 
an 18G 
PTCD  

Intraoper
ative: PS 

Segment
ation 

\ \ 

 
 
 
 

LOW 

Luján et 
al.[129] 

2022 
Case 

report 
1 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ NA 
Gallblad
der Ca 

73 NA 1.5 mg 
Preopera

tive: 
NA 

Segment
ation  

Hepatic 
bile 
duct 

visualiz
ation 

\ 
 

LOW 

Wan et 
al.[130] 

2023 
Case 

report 
1 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ NA HCC 49 100 
1 ml, 5 
mg/l 

Intraoper
ative: NS 

Segment
ation 

\ \ 
 

ACCE
PT 

Rompia
nesi et 
al.[86] 

2023 
Prospec

tive 
study  

Intraope
ratively 

in 42 
patients 

Minim
ally 

Invasiv
e 

Surger
y 

\ 
Da 

Vinci 
Xi 

Firefly 

HCC, 
CRLM, 
CCA, 
others 

64.8 
(20–84) 

NA 

Intraope
rative: 
2.5 mg 
in 2 mL 

of 
injectabl

e 
solution 

in 
negative 
staining; 
1.25 mg 
in 5 mL 

of 
injectabl

e 
solution 

in 
positive 
staining 

Intraoper
ative: PS 
and NS 

Segment
ation 

\ \ 

 
 
 
 
 

ACCE
PT 

Jiang et 
al.[131] 

2023 
Retrosp
ective 
study  

21 
Minim

ally 
Invasiv

NA \ 
HyPixel™ 

R1, 
Mindray, 

HCC, 
CRLM 

60.7 ± 
14.9 

47.6 
5-10 ml 
(depend
ing on 

Intraoper
ative: PS 

Segment
ation 

\ \ 
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e 
Surger

y 

Shenzhen, 
China) 

the 
segment

al 
volume) 
of 0.025 
mg/ml 

ACCE
PT 

Lin et 
al.[132] 

2024 
Retrosp
ective 
study 

12 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN, DPM NA 
52.92 ± 1

4.94 
NA 0.5 mg 

Intraoper
ative: 

NS 

Segment
ation 

\ \ 
 

ACCE
PT 
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Table S3. Protocols and applications of Indocyanine Green Fluorescence to liver segment 
identifications and tumor detection. Abbreviations: HCC, Hepatocellular Carcinoma; 
CCA, Cholangiocarcinoma; CRLM, Colorectal Liver Metastases; PLC, Primary Liver Can-
cer; FNH, Focal Nodular Hyperplasia; GIST, gastrointestinal stromal tumour, SCC, Squa-
mous Cell Carcinoma; LT, Liver Transplant; ICG, Indocyanine Green Fluorescence; NIR, 
near-infrared camera; PDE, Photodynamic Eye (Hamamatsu Photonics Co., Shizuoka, Ja-
pan); PIN, PINPOINT (Stryker Co., Michigan, US); HEMS, HyperEye Medical System (Mi-
zuho Co., Ltd., Tokyo, Japan); Visera, Visera Elite II (Olympus Co., Tokyo, Japan); Image 
1/Image 1S, Image 1/Image1 S camera systems (KARL STORZ SE and Co. KG, Tuttlingen, 
Germany); STORZ, KARL STORZ SE and Co. KG (Tuttlingen, Germany); PS, Positive 
Staining; NS, Negative Staining; NA, Not Available. 

Author Year Study 
type 

Numb
er of 

patient
s 

Type 
of 

surger
y 

(Open, 
Minim

ally 
Invasi

ve 
Surger

y) 

Type of 
Laparos

copic 
System 

Type 
of 

Robot 
Syste

m 

Type of 
NIR 

Disease 
(HCC, 
CCA, 

CRLM or 
others) 

Age 
(mean, 
media
n ±SD 

or 
range) 

Cirrho
sis (%) 

Dose of 
ICG 

(mg/kg, 
ml) 

Timing 
of 

administ
ration 

Type of 
navigati

on 
(Tumor 
detectio

n, 
Segment

ation, 
both) 

Other 
uses  

Major 
hepatecto

my (%) 

 
 

SIGN 

Abo et 
al.[28] 2015 

Compar
ative 
study 

117 Open \ \ PDE 
PLC, 

CRLM 
68.6 ± 
11.6 12.8 

Preoperati
ve: 0.5 
mg/kg 

Intraopera
tive: 1.25 

mg 

Preopera
tive: 4-7 

days 
prior 
(>14 

days, 
addition

al IV) 
Intraoper
ative: PS 

Tumor 
detectio

n + 
Segment

ation 

\ 27 
 

HIGH 

Terasaw
a et 

al.[133] 
2017 

Retrosp
ective 
study 

41 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
HCC, 
CRLM 

65 (35–
93) 

NA 

Preoperati
ve: 0.5 
mg/kg  

Intraopera
tive: 1.25 

mg 

Preopera
tive: 

within 3 
days 

Intraoper
ative: NS 

Tumor 
detectio

n + 
Segment

ation 

\ 0 

 
ACCE

PT 
 

Zhang et 
al.[134] 

2017 
Retrosp
ective 
study 

50 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PDE 
PLC, 

CRLM 
54.18 4 

0.25 
mg/kg 

Intraoper
ative: PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ NA 

 
ACCE

PT 
 

Peyrat et 
al.[27] 

2018 
Prospec

tive 
study 

43 Open \ \ Others 
PLC, 

CRLM 
66.2 

(38–84) 
NA 

Preoperati
ve:0.25 
mg/kg 

Intraopera
tive: 0.016-

1.25 mg 

Preopera
tive: 1 

day prior 
Intraoper
ative: PS 

Tumor 
detectio

n + 
Segment

ation 

\ NA 
 

LOW 
 

Cheung 
et 

al.[135] 
2018 

Retrosp
ective 
study 

20 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN HCC 
60.5 

(47–73) 
100 

Preoperati
ve: 0.5 
mg/kg 

Intraopera
tive: 0.025 

mg 

Preopera
tive: 10 

days 
prior 
(>14 

days, 
addition

al IV) 
Intraoper
ative: NS 

Tumor 
detectio

n + 
Segment

ation 

\ 25 
 

ACCE
PT 
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Gon et 
al.[136] 

2019 
Prospec

tive 
study 

110 Open \ \ PIN NA NA NA 0.5 mg/kg 

Preopera
tive: 2 
days 
prior 

Intraoper
ative: NS 

Tumor 
detectio

n + 
Segment

ation 

\ NA 
 

LOW 
 

Marino 
et 

al.[137] 
2019 

Case-
Matche
d study 

25 

Minim
ally 

Invasiv
e 

Surger
y 

\ 
Da 

Vinci 
Si 

CCD, PDE 
HCC, 

CRLM, 
CCA 

66.2 
(35–78) 

12 

Preoperati
ve: NA 

Intraopera
tive: 2.5 

mg 

Preopera
tive; 

Intraoper
ative; PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ 44 

 
ACCE

PT 
 

Zhou et 
al.[138] 

2019 
Retrosp
ective 
study 

21 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN HCC 

5 ≥ 60 
years  

16 < 60 
years 

42.9 
0.25 

mg/kg 

Preopera
tive: 3–5 

days 
before 

surgery 

Tumor 
detectio

n + 
Segment

ation 

\ 0 

 
 

ACCE
PT 

 
 

Lu et 
al.[139] 

2020 
Retrosp
ective 
study 

57 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
PLC, 

Metastase
s 

57.3 ± 
12.2 

24.6 0.5 mg/kg 

Preopera
tive: 0-7 

days 
prior 

Intraoper
ative: NS 

Tumor 
detectio

n + 
Segment

ation 

\ NA 
 

HIGH 
 

Li et 
al.[140] 

2020 
Retrosp
ective 
study 

9 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN Echinococ
cosis 

36.4 ± 
7.6 

NA 

Preoperati
ve: 0.5 
mg/kg 

Intraopera
tive: 2.5 

mg 

Preopera
tive: 3 
days 
prior 

Intraoper
ative: NS 

Tumor 
detectio

n + 
Segment

ation 

\ 0 
 

LOW 
 

Miyashit
a et 

al.[141] 
2020 

Retrosp
ective 
study 

15 Open \ \ Others 
PLC, 

CRLM 
73 (52-

82) 
NA 

Preoperati
ve: 0.5 
mg/kg 

Intraopera
tive: 0.025 
mg for PS, 
0.25mg for 

NS 

Preopera
tive: 3-4 

days 
prior 

Intraoper
ative: PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ 0 
 

LOW 
 

Yao et 
al.[142] 

2020 
Retrosp
ective 
study 

18 Open \ \ PDE HCC 
52.9 ± 
12.1 

NA 2.5 mg 
Intraoper
ative: PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ 100 
 

HIGH 
 

Zhang et 
al.[143] 

2020 

Random
ized 

Clinical 
Trial 

30 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ Others PLC, FNH 
55.7 ± 
11.2 

33.3 

Preoperati
ve: 0.05-

0.10 
mg/kg 

Intraopera
tive: 

2.5mg 

Preopera
tive: 24-

72 h 
prior 

Intraoper
ative: PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ 40 

 
ACCE

PT 
 

Marino 
et 

al.[144] 
2020 

Retrosp
ective 
study 

40 

Minim
ally 

Invasiv
e 

Surger
y 

\ 
Da 

Vinci 
Xi 

Firefly 
PLC, 

CRLM 
69.4       

(38–79) 
15 

Preoperati
ve: 

0.5mg/kg 
Intraopera
tive: 0.25 

mg for PS, 
2.5 mg for 

NS 

Preopera
tive: 5 
days 
prior 

Intraoper
ative: PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ 45 

 
ACCE

PT 
 

Kose et 
al.[145] 2020 

Prospec
tive 

study 
41 

Open, 
Minim

ally 
Invasiv

e 

NA NA 

PIN 
(laparosco

pic and 
open 
cases) 
Firefly 

HCC, 
CRLM, 
others 

58.8 ± 
13.5 NA 

Preoperati
ve and 

intraopera
tive: three 
ml of the 

2.5 mg/dL    

Preopera
tive and 
intraoper
ative: 1-2 
day prior   
Preopera

Tumor 
detectio

n + 
Segment

ation 

\ 0 
 

ACCE
PT 
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Surger
y 

(robotic 
cases) 

Preoperati
ve: 7.5 mg 

tive: 1 
day 

prior: 
NA 

Zheng et 
al.[146] 

2021 
Case 

report 
1 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN HCC 42 100 

Preoperati
ve: 0.5 
mg/kg 

Intraopera
tive: 5 mg 

Preopera
tive: 5 
days 
prior 

Intraoper
ative: NS 

Tumor 
detectio

n + 
Segment

ation 

\ 0 
 

LOW 
 

Li et 
al.[147] 

2021 
Retrosp
ective 
study 

26 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN 
HCC, 
CRLM 

54.2 38.5 

Preoperati
ve: 0.5 
mg/kg 
(non-

anatomica
l 

hepatecto
my) 

0.025–
0.050 

mg/kg 
during the 
operation 
(anatomic

al 
hepatecto

my) 

Preopera
tive: 2–5 

days 
before: 
surgery 

(non-
anatomic

al 
hepatect
omy): PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ \ 

 
 

LOW 
 
 

Franz et 
al.[26] 

2021 
Retrosp
ective 
study 

18 

Minim
ally 

Invasiv
e 

Surger
y 

Karl 
Storz, 

(Tuttlin
gen, 

German
y) 

Da 
Vinci 

Xi 

Karl Storz, 
(Tuttlinge

n, 
Germany) 

HCC, 
CCA, 

peritoneal 
HCC 

metastase
s, 

adenoma, 
CRLM 

77 (47-
86) 

Liver 
cirrhos

is/-
fibrosis

: 

0.5 mg/kg 

Preopera
tive: 2-10 

days 
prior; PS 

Tumor 
detectio

n + 
Segment

ation 

Fluores
cence 

angiogr
aphy 

8 
 

LOW 
 

Qiu et 
al.[148] 

2022 
Retrosp
ective 
study 

7 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ 
Optomedi

c 
Hepatobla

stoma 

 
14 

months 
(range, 

13 
days–

36 
months

) 

NA 0.5 mg/kg 

Preopera
tive: 48h 
before 

the 
surgery: 

NA 

Tumor 
detectio

n + 
Segment

ation 

\ \ 

 
 

LOW 
 
 

Liu et 
al.[149] 

2023 
Retrosp
ective 
study 

50 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ PIN HCC 
56.82 ± 
10.41 

56 

Preoperati
ve: 0.5 
mg/kg 

Intraopera
tive: 

0.125–0.25 
mg for PS,                  

0.25–0.5 
mg for NS 

Preopera
tive: 2-4 
days, 4-6 

for 
cirrhosis; 
Intraoper
ative; PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ 14 
 

ACCE
PT 

Karmark
ar et 

al.[150] 
2023 

Retrosp
ective 
study 

15 

Open, 
Minim

ally 
Invasiv

e 
Surger

y 

NA \ 

SPY 
Portable 

Handheld 
Imager 

(SPY-PHI) 
for open 
surgery 
and PIN 

HCC, 
CRLM 

71 (36-
86) 

NA 
0.02 to 

0.05 
mg/kg 

Preopera
tive: 2-3 
h before 

the 
surgery: 

NA 

Tumor 
detectio

n + 
Segment

ation 

\ 6.67 
 

LOW 
 

Kasai et 
al.[151] 

2023 
Retrosp
ective 
study 

18 
Minim

ally 
Invasiv

NA \ 
PIN,  

IMAGE1 
S™ 

HCC,CRL
M,CCA 

51-85 NA 
0.028-

0.083 mg 
per 100 

Intraoper
ative: PS 

Tumor 
detectio

n + 
\ 22 

 
 

LOW 



Cancers 2023, 15, x FOR PEER REVIEW 18 of 24 
 

 

e 
Surger

y 

mL of 
liver 

volume 

Segment
ation 

 
 

Rompia
nesi et 
al.[86] 

2023 
Prospec

tive 
study 

Pre 
and 

intra-
operati
vely in 

25 
patient

s 

Minim
ally 

Invasiv
e 

Surger
y 

\ 
Da 

Vinci 
Xi 

Firefly 
HCC, 

CRLM,CC
A, others 

64.8 
(20–84) 

NA 

Preoperati
ve: 0.25–

0.50 
mg/kg 

Intraopera
tive: 2.5 
mg in 2 
mL of 

injectable 
solution in 
negative 
staining; 

1.25 mg in 
5 mL of 

injectable 
solution in 

positive 
staining 

Preopera
tive: 2-4 

days 
before 

the 
surgery 

and 
Intraoper
ative: PS 
and NS 

Tumor 
detectio

n + 
Segment

ation 

\ \ 

 
 
 
 
 

ACCE
PT 

 
 
 
 
 

Hardy et 
al.[152] 

2023 
Prospec

tive 
study 

24 

Open, 
Minim

ally 
Invasiv

e 
Surger

y 

NA NA 
PIN, 

Firefly, 
Elevision 

CRLM, 
Benign 

liver cyst 

61 ± 
11.77 

NA 
0.05 

mg/Kg 

Intraoper
ative: 
NA 

Tumor 
detectio

n + 
Segment

ation 

\ NA 

 
 

ACCE
PT 

 
 

Alomari 
et 

al.[153] 
2023 

Prospec
tive 

study 
50 

Minim
ally 

Invasiv
e 

Surger
y 

NA \ Stryker 
HCC, 
CRLM 

NA NA 

HCC: 0.5 
mg/kg, 

CRLM: 0.5 
mg/kg  or  

2.5 mg 
body  PS: 
0.025-12.5 
mg body   
NS: 0.025-

25 mg 
body  

PS and 
NS: 

intraoper
ative   

HCC: 7-
14 days 
before 

surgery 
CRLM: 
3-7 days 
before 

surgery 
or 24 
hours 

Tumor 
detectio

n + 
Segment

ation 

\ \ 

 
 
 
 

HIGH 
 

Cai et 
al.[154] 

2023 
Retrosp
ective 
study 

86 

Open, 
Minim

ally 
Invasiv

e 
Surger

y 

NA \ Stryker 
HCC, 
CRLM 

54.7 ± 
15.3(H

CC) 
55.7 ± 

9.6 
(CRLM

) 

46/52 
(HCC) 

1/34 
(CRLM

) = 
54.6% 

Preoperati
ve: 0.5 
mg/Kg 

Intraopera
tive:1.25 
mg NS 

technique 

Preopera
tive: 5 
days 

before 
surgery 

(ICG 
R15<=7%
) 7 day 
before 

surgery 
(ICG 

R15>7%); 
NS 

Tumor 
detectio

n + 
Segment

ation 

\ 15.38 

 
 
 
 

ACCE
PT 

Weixler 
et 

al.[155] 
2023 

Prospec
tive 

study 
66 

Open, 
Minim

ally 
Invasiv

e 
Surger

y 

NA \ Spectrum 

HCC, 
CRLM, 
CCA, 
others 

65.5 
(IQR 
58.7–
73.9) 

3.03 

Preoperati
ve: 5 

mg/ml, 2 
ml 

containing 
10 ml 

Preopera
tive: 24 h 

before 
surgery; 

PS 

Tumor 
detectio

n + 
Segment

ation 

\ 25.75 

 
 

LOW 
 
 

Tao et 
al.[156] 

2023 
Post hoc 
analysis 

16 
Minim

ally 
NA \ 

PINPOIN
T™ 

HCC 
56.56 ± 

9.49 
50 

0.05–0.10 
mg/kg for 

Preopera
tive: 24-

Tumor 
detectio

\ \ 
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of a 
prospec

tive 
study 

Invasiv
e 

Surger
y 

imaging 
system 

(NOVAD
AQ, 

Canada) 
or DPM-

III-01 
imaging 
system 
(DPM, 
China) 

tumor 
imaging; 

0.5 mg for 
anatomic 
resection-
negative 
staining  

72 h 
prior to 
surgery                         

Intraoper
ative: NS 

n + 
Segment

ation 

 
 

ACCE
PT 

Rocca et 
al.[14] 

2024 
Retrosp
ective 
study 

45 

Minim
ally 

Invasiv
e 

Surger
y 

\ 

Da 
Vinci, 

Xi 
System 

NA CRLM 
66.53 ± 
12.67 

NA 
0.25 

mg/kg 

24 h 
before/d

uring 
surgery 

Tumor 
detectio

n + 
Segment

ation 

\ 22 
 

ACCE
PT 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cancers 2023, 15, x FOR PEER REVIEW 20 of 24 
 

 

Table S4. Protocols and applications of Indocyanine Green Fluorescence during liver 
transplant. Abbreviations: HCC, Hepatocellular Carcinoma; CCA, Cholangiocarcinoma; 
CRLM, Colorectal Liver Metastases; PLC, Primary Liver Cancer; FNH, Focal Nodular Hy-
perplasia; GIST, gastrointestinal stromal tumour, SCC, Squamous Cell Carcinoma; LT, 
Liver Transplant; ICG, Indocyanine Green Fluorescence; NIR, near-infrared camera; PDE, 
Photodynamic Eye (Hamamatsu Photonics Co., Shizuoka, Japan); PIN, PINPOINT 
(Stryker Co., Michigan, US); HEMS, HyperEye Medical System (Mizuho Co., Ltd., Tokyo, 
Japan); Visera, Visera Elite II (Olympus Co., Tokyo, Japan); Image 1/Image 1S, Image 1/Im-
age1 S camera systems (KARL STORZ SE and Co. KG, Tuttlingen, Germany); STORZ, 
KARL STORZ SE and Co. KG (Tuttlingen, Germany); PS, Positive Staining; NS, Negative 
Staining; NA, Not Available. 

Author Year Study 
type 

Num
ber of 
patie
nts 

Type 
of 

surger
y 

(Open, 
Minim

ally 
Invasi

ve 
Surger

y) 

Type of 
Laparos

copic 
System 

Type 
of 

Robot 
Syste

m 

Type of 
NIR 

Disease 
(HCC, 
CCA, 

CRLM or 
others) 

Age 
(mea

n, 
medi

an 
±SD 
or 

range
) 

Cirrho
sis 
(%) 

Dose 
of ICG 
(mg/kg

, ml) 

Timing 
of 

administ
ration 

Type of 
navigation 

(Tumor 
detection, 

Segmentation, 
both) 

Other uses  

Major 
hepatec

tomy 
(%) 

 
 

SIGN 

Troisi 
et 

al.[157] 
2014 

Case 
report 1 

Minim
ally 

Invasi
ve 

Surger
y 

30° 
optical 
device 
(Karl 
Storz  
ICG 

fluoresc
ent 

laparosc
ope) 

\ 

30° 
optical 
device  
(Karl 
Storz  
ICG 

fluoresc
ent 

laparos
cope) 

Living 
donor 

hepatecto
my for  

glycogen 
storage  
disease 
type IV 

21 0 
0.1 

mg/kg 

Intraoper
ative: 

NS 

Identify biliary  
ducts \ \ 

 
LOW 

 

Tomass
ini et 

al.[158] 
2015 

Prospec
tive 

study 
11 

Minim
ally 

Invasi
ve 

Surger
y 

30° 
optical 
Storz  
ICG 

camera, 
Karl 
Storz  

Gmbh & 
Co. 

\ 

30° 
optical  
Storz 
ICG 

camera,  
Karl 
Storz 

Gmbh 
& Co. 

Living 
donor 

hepatecto
my 

NA \ 

Protoc
ol A: 

2.5 mg 
i.v;   

Protoc
ol B: 

2.5 mg 
i.v;   

Protoc
ol C: 1 
mg i.v;  
Protoc
ol D: 

2.5 mg 
i.d;  

Protoc
ol E: 5 
mg i.d 

Immediat
e 

(Protocol 
A-D-E) 

60-90 min 
before 

bile duct 
resection 
(Protocol 
B-C): NA 

Segmentation \ \ 

 
 

LOW 
 
 

Panaro 
et 

al.[159] 
2018 

Retrosp
ective 
study 

6 
livers 

Open \ \ 

VITOM 
®,  

KARL 
STORZ 
GmhH 
& Co.  
KG, 

Tuttling
en, 

German
ia 

NA NA 100 
0.5 

mg/kg 
Intraoper

ative 

To assess the 
graft bile duct 

perfusion  
in order to 

identify 
the 

appropriate  
area of duct 
transection  

before 
performing  

\ \ 

 
ACCEP

T 
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the 
anastomosis 

Kim et 
al.[160] 2021 

Retrosp
ective 
study 

46 Open \ \ 
PIN, 

others 

 
Healthy 

LT 

53.7 ± 
11.8 

0 
0.025 

mg/kg 

Intraoper
ative: 

NS 
Segmentation \ 100 

 
ACCEP

T 
 

 

Table S5. Protocols and applications of Indocyanine Green Fluorescence to bile leak iden-
tifications. Abbreviations: HCC, Hepatocellular Carcinoma; CCA, Cholangiocarcinoma; 
CRLM, Colorectal Liver Metastases; PLC, Primary Liver Cancer; FNH, Focal Nodular Hy-
perplasia; GIST, gastrointestinal stromal tumour, SCC, Squamous Cell Carcinoma; LT, 
Liver Transplant; ICG, Indocyanine Green Fluorescence; NIR, near-infrared camera; PDE, 
Photodynamic Eye (Hamamatsu Photonics Co., Shizuoka, Japan); PIN, PINPOINT 
(Stryker Co., Michigan, US); HEMS, HyperEye Medical System (Mizuho Co., Ltd., Tokyo, 
Japan); Visera, Visera Elite II (Olympus Co., Tokyo, Japan); Image 1/Image 1S, Image 1/Im-
age1 S camera systems (KARL STORZ SE and Co. KG, Tuttlingen, Germany); STORZ, 
KARL STORZ SE and Co. KG (Tuttlingen, Germany); PS, Positive Staining; NS, Negative 
Staining; NA, Not Available. 

Author Year Study 
type 

Numb
er of 

patien
ts 

Type of 
surgery 
(Open, 
Minim

ally 
Invasiv

e 
Surger

y) 

Type of 
Laparosc

opic 
System 

Type of 
Robot 

System 

Type of 
NIR 

Disease 
(HCC, 
CCA, 

CRLM 
or 

others) 

Age 
(mean

, 
media
n ±SD 

or 
range) 

Cirrho
sis (%) 

Dose of 
ICG 

(mg/kg, 
ml) 

Timing 
of 

administr
ation 

Type of 
navigatio
n (Tumor 
detection

, 
Segment

ation, 
both) 

Othe
r 

uses  

Major 
hepatectom

y (%) 

 
 

SIGN 

Sakaguc
hi et 

al.[161] 
2010 

Cohort 
studies 

27 Open \ \ PDE 
HCC,  

CRLM, 
others 

65.7 ± 
10.8 

33.3 
0.05 

mg/ml 
Intraoper

ative 
Bile leak \ \ 

ACCE
PT 

Kaibori 
et 

al.[162] 
2011 

Randomi
zed 

Clinical 
Trial 

102 (50 
ICG 

contro
l 

group; 
52 ICG 

PDE 
group) 

Open \ \ 

Hamamat
su 

Photonics 
K.K. 

HCC, 
CCA, 

CRLM, 
others 

ICG 
Contr

ol 
group
: 68.2 
(11.0) 
ICG 
PDE 

group
: 70.4 
(5.5) 

33.3 

10 ml of 
dilute 
ICG 

solution 
2.5 

mg/ml 

Intraoper
ative 

Bile leak \ 
Extended 

hemihepatec
tomy= 10.8 

 
HIGH 

 

Umemu
ra et 

al.[163] 
2021 

Case 
report 

1 

Minima
lly 

Invasiv
e 

Surgery 

NA \ PIN 
Liver 
cysts 

NA NA 
2.5 

mg/mL 

Intraoper
ative put 
into the 
biliary 

tract via 
endoscop
ic nasal 
biliary 

drainage: 
NA 

Bile leak \ 0 
 

LOW 
 

Hanaki 
et 

al.[164] 
2023 

Prospecti
ve study 

40 

Open, 
Minima

lly 
Invasiv

e 
Surgery 

NA \ AIM 

HCC, 
Metasta

ses, 
benign 
lesion 

NA NA 
Intraoper
ative: 10 
mg/ml 

Preoperat
ive: 1-2 
hours 
before 
hepatic 

dissentio
n 

Bile leak \ NA 

 
ACCE

PT 
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Sasaki et 
al.[165] 

2023 

Randomi
zed 

Clinical 
Trial 

3 

Open, 
Minima

lly 
Invasiv

e 
Surgery 

NA \ 

VISERA 
ELITE II, 
IMAGE1 
S™ 4U 

RUBINA 
(KARL 
STORZ, 

Tuttlinge
n, 

Germany)
, Stryker 

HCC, 
CRLM. 
others 

71.66 
(64, 

77, 74) 
0 

Case one:  
0.01 

mg/ml;       
Case 
two:  
0.05 

mg/ml;           
Case 
three: 
0.025 

mg/ml 

Intraoper
ative 

Bile leak \ \ 

 
 

ACCE
PT 
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Table S6. Protocols and applications of Indocyanine Green Fluorescence in particular applications. 
Abbreviations: HCC, Hepatocellular Carcinoma; CCA, Cholangiocarcinoma; CRLM, Colorectal 
Liver Metastases; PLC, Primary Liver Cancer; FNH, Focal Nodular Hyperplasia; GIST, gastrointes-
tinal stromal tumour, SCC, Squamous Cell Carcinoma; LT, Liver Transplant; ICG, Indocyanine 
Green Fluorescence; NIR, near-infrared camera; PDE, Photodynamic Eye (Hamamatsu Photonics 
Co., Shizuoka, Japan); PIN, PINPOINT (Stryker Co., Michigan, US); HEMS, HyperEye Medical Sys-
tem (Mizuho Co., Ltd., Tokyo, Japan); Visera, Visera Elite II (Olympus Co., Tokyo, Japan); Image 
1/Image 1S, Image 1/Image1 S camera systems (KARL STORZ SE and Co. KG, Tuttlingen, Germany); 
STORZ, KARL STORZ SE and Co. KG (Tuttlingen, Germany); PS, Positive Staining; NS, Negative 
Staining; NA, Not Available. 

Author Year Study 
type 

Numb
er of 

patient
s 

Type 
of 

surgery 
(Open, 
Minim

ally 
Invasiv

e 
Surger

y) 

Type of 
Laparos

copic 
System 

Type 
of 

Robot 
Syste

m 

Type 
of NIR 

Diseas
e 

(HCC, 
CCA, 

CRLM 
or 

others) 

Age 
(mean, 
media
n ±SD 

or 
range) 

BMI 
(mean, 
media
n ±SD 

or 
range) 

Cirrho
sis (%) 

Dose of 
ICG 

(mg/kg, 
ml) 

Timing 
of 

adminis
tration 

Type of 
navigati

on 
(Tumor 
detectio

n, 
Segmen
tation, 
both) 

Other 
uses  

Major 
hepatecto

my (%)  

 
 

SIGN 

Kawag
uchi et 
al.[166]  

2015 
Retrosp
ective 
study 

24 

Minima
lly 

Invasiv
e 

Surgery 

NA \ 

Olymp
us 

Medica
l 

System
s 

CRLM  
67.1 

(26.3-
79.4) 

26.4 
(18.1-
34.9) 

NA 

 1 mL 
of ICG 
(0.025 
mg/ 

mL of 
Infracya

nine; 
Laborat

oire 
Serb 

After 
intubatio
n in the 
operativ
e room 

Bile duct 
visualiz

ation 
\ 

Major 
laparosco
pic liver 

resection: 
54.2 

 
 
 

LOW 

Tanaka 
et 

al.[167] 
2020 

Case 
report 

1 

Minima
lly 

Invasiv
e 

Surgery 

NA \ NA HCC 69 NA NA 

9.5 mL 
of 

mixture 
A (5 mL 

ICG 
and 5 
mL 

Lipiodo
lⓇ) and 
mixture 
B (5 mL 

ICG 
and 

Gelpart
Ⓡ 

[Gelpar
t 1 mm 
80 mg; 

Nippon 
Kayaku
, Tokyo, 
Japan] 
mixed 

in 5 mL 
of 

contrast 
mediu

m) 

Preopera
tive 

Emboliz
ation 

\ \  

 
 
 
 
 
 
 
 
 

LOW 

Ruzzen
ente et 
al.[168] 

2022 
Prospec

tive 
study 

18 

Open, 
Minima

lly 
Invasiv

NA \ 
Stryker

™ 

HCC, 
CRLM, 
CCA, 
others 

71 (58-
78) 

NA 33.3 

1 ml of 
25 

mg/20 
ml 

Intraope
rative 

Lymph 
node 

sentinel 
\ 50 

 
 

ACCEPT 
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