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Supplementary Table S1. 
	Database
	Period of search
	Search strategy

	Cochrane Central
	April 1, 2025
	("near infrared cholangiography" OR "fluorescence cholangiography" OR "indocyanine green" OR "indocyanine green cholangiography")
AND ("cholecystectomy" OR "laparoscopic cholecystectomy")
AND ("planned" OR "elective" OR "emergency")
AND (pt="Randomized controlled trial" OR pt="Controlled clinical trial")
AND pd <= 2025-04-01

	MEDLINE (PubMed)
	April 1, 2025
	(("near infrared cholangiography"[Title/Abstract] OR "fluorescence cholangiography"[Title/Abstract]
OR "indocyanine green"[MeSH Terms] OR ("indocyanine"[All Fields] AND "green"[All Fields])) 
AND ("cholecystectomy"[MeSH Terms] OR "cholecystectomy"[All Fields]) OR "laparoscopic cholecystectomy"[All Fields])
AND ("planned"[All Fields] OR "elective"[All Fields] OR "emergency"[All Fields])
AND ("randomized controlled trial"[Publication Type]))

	Embase
	April 1, 2025
	(('near infrared cholangiography'/exp OR 'near infrared cholangiography') 
OR ('fluorescence cholangiography'/exp OR 'fluorescence cholangiography') 
OR ('indocyanine green'/exp OR 'indocyanine green')) 
AND ('cholecystectomy'/exp OR laparoscopic cholecystectomy) 
AND ('planned' OR elective OR emergency) 
AND randomized controlled trials/lim

	ClinicalTrials.gov
	April 1, 2025
	Search terms: indocyanine green AND (cholecystectomy OR laparoscopic cholecystectomy) AND (planned OR elective OR emergency)
AND Last Update Posted Date = On or before April 1, 2025
Condition(s): Cholecystitis, Gallstone, Gallstone disease, Acute cholecystitis
Intervention type: Device or Procedure
Study type: Interventional Studies

	CINAHL
	April 1, 2025
	TI (indocyanine green OR ICG OR near infrared cholangiography OR fluorescence cholangiography)
AND TI (cholecystectomy OR laparoscopic cholecystectomy)
AND TI (planned OR elective OR emergency)
AND PT (randomized controlled trial)
AND PD<=2025-04-01



Supplementary Table S2. Protocols of meta-analyses in PROSPERO.
	№
	Systematic review and registration
	Comparators
	Included studies
	Data synthesis

	1
	Dousheng Bai, et al. (2024) [24]
	WLI LC
	No restrictions
	Meta-analysis

	2
	Wu Linde, et al. (2024) [25]
	WLI LC
	RCTs
	Meta-analysis

	3*
	Hendry Lie et al. (2024) [26]
	WLI LC
	RCT, 
observational studies,
case-series
	Meta-analysis

	4*
	Túlio Pimentel, (2024) [27]
	WLI LC / IOC
	RCTs
	Meta-analysis
Trial sequential analysis

	5
	Maria del Mar Achalandabaso Boira, et al. (2024) [28]
	IOC
	RCTs and prospective
nonRCTs
	Meta-analysis,
narrative review

	6
	Patricia Marcolin, et al. (2024) [29]
	WLI LC
	No restrictions
	Meta-analysis

	8
	Lars Lang Lehrskov, et al. (2024) [30]
	WLI LC / IOC
	RCTs and nonRCTs
	No data

	7
	Mohamed Gamal Sayed et al. (2025) [31]
	Intrabiliary vs intravenous injections of indocyanine
	RCTs and
cohort studies
	Meta-analysis,
Narrative review

	9
	Hussain Almohammed et al. (2025) [32]
	No data (different dosage and timing)
	RCTs
	Meta-analysis


*-published
WLI LC - laparoscopic cholecystectomy with conventional White Light Imaging
IOC - Intraoperative X-ray cholangiography




Supplementary Table S3. Meta-analyses characteristics
	№
	Research groups
 (year)
	Number of included studies (n)
	Indications for surgery
	Procedures
	Control group
	Number of observations in 
meta-analyses (n)
	Evidence Synthesis

	
	
	
	
	
	
	ICG LC
	Control group
	Total
	Systematic review
	Meta-analysis
	TSA

	Meta-analysis of randomized controlled trials

	1
	Pimentel T et al. (2025)
	8 RCT
	AC, CC
	LC
	WLI and IOC
	788
	798
	1586
	Yes
	Yes
	Yes

	Meta-analyses of randomized controlled trials and non-randomized studies of interventions

	2
	Tang Y et al. (2024)
	2 RCT,  
12 RSI
	No data
	No data
	WLI
	1351
	2225
	3576
	Yes
	Yes
	No

	3
	Lie H et al. (2023)
	4 RCT, 
18 NRSI
	AC, CC, other
	LC
	WLI
	Varies**
	Varies**
	3457
	Yes
	Yes
	No

	4
	Dip F et al. (2021)
	3 RCT, 
13 NRSI
	AC, CC, other
	LC, RC
	WLI
	1603
	5070
	6673
	Yes
	Yes
	No

	Meta-analyses of non-randomized studies of interventions

	5
	Lim SH et al. (2021)
	7 NRSI
	AC, CC, other
	LC, RC
	IOC
	377***
	377***
	481***
	Yes
	Yes
	No

	6
	Liu Y et al. (2020)
	11 NRSI
	AC, CC
	LC, RC
	WLI
	1292
	929
	2221
	Yes
	Yes
	No

	7
	Vlek SL et al (2017)
	19 NRSI*
	AC, CC, other
	LC, RC, SILS
	IOC
	215
	215
	430
	Yes
	Yes
	No


RCT – randomized controlled trial, NRSI - non-randomized studies of interventions, WLI - laparoscopic cholecystectomy with conventional White Light Imaging, IOC - intraoperative cholangiography, LC – laparoscopic cholecystectomy, RC – robotic laparoscopic cholecystectomy, SILS – single incision laparoscopic surgery, AC – acute cholecystitis, CC – chronic cholecystitis, other -  biliary colic, resolved acute cholecystitis, pancreatitis, ERCP treated choledocholithiasis,  gallbladder polyp, gallbladder empyema
* – four trials included in the meta-analysis, ** – varies across comparisons, *** – the same patients, different patients were enrolled into each arm 


Supplementary Table S4. The main results of meta-analyses for time to identification of biliary structures
	№
	Research groups
	Conclusions on time to identification of biliary structures
	Bile structure identification rate

	1
	Pimentel T et al. (2025)*
	No data
	No statistically significant differences in cystic duct (OR** 1.73; CI 0.78-3.86; I2 = 32%) or common hepatic duct (OR 2.80; CI, 0.96-8.15; I2 = 82%) identification rates

	[bookmark: _Hlk188798980]2
	Tang Y et al. (2024)
	No data
	No data

	3
	Lie H et al. (2023)
	ICG LC was associated with shorter time to biliary structures identification (SMD -0.52 [95% CI -0.78 to -0.26]) in comparison with no use of NIF-ICG
	NIF ICG during LC was associated with better cystic duct identification (CD) (RR 1.24 [95% CI 1.07–1.43], P = .003, I2 = 94%) and better common bile duct (CBD) identification (RR 1.31 [95% CI 1.07–1.60], P = .009, I2 = 90%)

	4
	Dip F et al. (2021)
	Narrative review of primary researches
	No data

	5
	Liu Y et al. (2020)
	ICG was associated with shorter time to biliary structures identification (SMD = -2.34; 95% CI = -2.58 – -2.10
	The rate of biliary tract identification was higher in the EG group than in the TC group (OR = 2.37; 95% CI = 1.09 – 5.12; P = 0.029)


[bookmark: _Hlk188800666]
ICG LC - laparoscopic cholecystectomy with near-infrared fluorescence cholangiography with indocyanine green, BDI – bile duct injury, IOC - intraoperative cholangiography, RR – relative risk, 95% CI – 95% confidence interval, SMD – Standard Mean Difference, OR – odds ratio
* Meta-analysis of randomized controlled trials
**Abbreviations are presented in accordance with the original sources






Supplementary Table S5. Main results of meta-analyses for bile duct injury, conversion to open surgery and intraoperative complications
	№
	Research groups
	Conclusions on conversion
	Conclusions on bile duct injury
	Conclusions on intraoperative complications

	1
	Pimentel T et al. (2025)
	No statistically significant differences in conversion rate between the groups (OR** 0.68; 95% CI: 0.29-1.60; I2 = 0% 
DARIS=16.1% (1285/7944)
	No statistically significant
differences in bile duct injury rate between the groups (OR 0.73; 95%CI: 0.05-10.80; I2=32%). DARIS=5.2% (417/7944)
	Only data on bile duct injury was provided

	2
	[bookmark: _Hlk204159138]Tang Y et al. (2024)
	No data
	No data
	No statistically significant differences between the groups (1.16% vs 9.24%; RR .17; 95%CI: .03-1.02), except the incidence of intraoperative bleeding, which was lower in the ICG group.

	3
	Lie H et al. (2023)
	NIF-ICG was associated with lower conversion rate in comparison with WLI LC (RR 0.28 [95% CI: 0.16–0.50]
	The risk for BDI did not differ between ICG and WLI LC groups (RR 0.34 [95% CI:0.07–1.58].
	Pooled analysis showed that ICG LC did not differ from WLI LC in terms of intraoperative complication rate (RR 0.73 [95% CI: 0.43–1.23]

	4
	Dip F et al. (2021)
	Preliminary analysis suggested that NIF-ICG considerably reduces the rate of bile duct injury. The incidence of BDI was expressed as the number of events per 10,000 patients. Overall weighted rates for BDI and conversion were 6 and 16/10,000 in NIF-ICG patients vs 25 and 271/10,000 in patients without NIF-ICG.
	Only data on bile duct injury was provided 

	5
	Liu Y et al. (2020)
	The rate of conversion was lower in the NIF-ICG group than in the WLI LC group (OR = 0.10; 95% CI = 0.04 – 0.28)
	No data
	No data



ICG - indocyanine green, NIF-ICG - near-infrared fluorescence cholangiography using indocyanine green, NIFC - near-infrared fluorescent cholangiography, BDI – bile duct injury, IOC - intraoperative cholangiography, RR – relative risk, 95% CI – 95% confidence interval **Abbreviations are presented in accordance with the original sources


Supplementary Table S6. Characteristics of the included randomized controlled trials.
	Authors (year)
	Country
	Indications for surgery
	Status of surgery
	Dosage & timing of ICG 
	BMI
	Interventions

	
	
	
	
	
	
	NIF-ICG (n)
	non NIF-ICG (n)
	Total (n)

	van den Bos et al (2023)
	Netherlands, Italy, Germany, UK
	Various 
	Elective
	2.5 mg 30 min before incision; reinjection of 2.5 mg after achievement of CVS
	Average 27.52 in NIF-ICG vs 27.6 in WLI 
(p = 0.948)
	143 
	151 
	294 (290)†

	Abd-erRazik et al (2022)
	Egypt
	Various 
	Not specified
	0.15mg/ kg 1h prior to surg + reinjection 0.05mg/ kg during dissection of Calot’s triangle
	Median 35.5
	58
	60
	118

	She et al (2022)
	China
	Acute cholecystitis
	Emergency*
	3.5 mg 30 min before general anesthesia 
	No data
	46
	46
	92

	Sherwinter et al (2020)
	USA
	Various 
	Not specified
	No data
	No data
	50
	50
	100

	Koong et al (2020)
	Malaysia
	Various 
	Elective
	2.5 mg before induction of anesthesia
	Mean 26.2 ± 5.3
	36
	36
	72 (63)†

	Dip et al (2019)
	USA, Germany, Italy, Argentina, Japan.
	Various (Mostly cholelithiasis)
	Elective, urgent and emergent
	0.05 mg/ kg 45 minutes before surgery
	Mean (std dev) 28.0 (6.1)
	321
	318
	639


* The time to surgery varied from less than one hour to 24 h after the patient was presented for emergency surgery
† some patients were excluded from analysis due to conversion to open surgery






Supplementary Table S7. Intraoperative differences. 
	
	van den Bos 
et al (2023) 
	Abd-erRazik et al (2022)
	She et al (2022)
	Koong 
et al (2020)
	Dip 
et al (2019)

	Bile ducts injury

	NIF ICG LC
	no data
	0/58 (0%)
	no data
	0/36 (0%)
	0/321 (0%)

	WLI LC
	no data
	0/60 (0%)
	no data
	0/36 (0%)
	2/318 (0.62%)

	p-value
	no data
	----
	no data
	----
	not given

	Conversion

	NIF ICG LC
	3/151 (1.97%)  
	0/58 (0%)
	4/46 (8.7%)
	2/36 (5.5%)
	1/321 (0.31%)

	WLI LC
	1/148 (0.67%)
	0/60 (0%)
	4/46 (8.7%)
	3/36 (8.3%)
	4/318 (1.26%)

	p-value
	0.285
	
	1.000
	
	not given

	Cystic duct identification rate

	NIF ICG LC
	no data
	57/58 (98.3%)
	no data
	no data
	311/321 (96.9%)

	WLI LC
	no data
	52/60 (86.7%)
	no data
	no data
	309/318 (97.2%)

	p-value
	no data
	p=0.0175
	no data
	no data
	p=0.83, 
OR=1.1 (0.4,2.8)

	Common bile duct identification rate

	NIF ICG LC
	no data
	55/58 (94.8%)
	no data
	no data
	243/321 (75.7%)

	WLI LC
	no data
	29/60 (48.3%)
	no data
	no data
	159/318 (50%)

	p- LC value
	no data
	p<0.001
	no data
	no data
	p<0.001, 
OR=3.1 (2.2,4.4)

	Common hepatic duct identification rate

	NIF ICG LC
	no data
	56/50 (96.5%)
	no data
	no data
	168/321 (52.3%)

	WLI LC
	no data
	27/60 (45%)
	no data
	no data
	97/318 (30.5%)

	p-value
	no data
	p<0.001
	no data
	no data
	p<0.001, 
OR=2.5 (1.7,3.5)


[bookmark: _Hlk204113941]NIF ICG LC - laparoscopic cholecystectomy with Near-Infrared Fluorescence cholangiography with Indocyanine green
WLI LC - laparoscopic cholecystectomy with conventional White Light Imaging




Supplementary Table S8. 
	SUMMARY OF FINDINGS 

	Near-infrared fluorescence cholangiography with indocyanine green compared with conventional white light for laparoscopic cholecystectomy

	Patient: people with gallstone disease and acute cholecystitis
Setting: intraoperative differences
Intervention: laparoscopic cholecystectomy with near-infrared fluorescence cholangiography with indocyanine green (NIF ICG)
Comparison:  laparoscopic cholecystectomy with conventional White Light Imaging (WLI)

	Outcomes
	Patients (studies), N
	Relative effect
(95% CI)
	Absolute effects* (95% CI)
	Certainty

	
	
	
	WLI
	NIF ICG
	Difference
	

	Bile Duct Injury
	820
(3 RCTs)
	RR = 0.20
(0.01 to 4.11)
	5 per 1 000
	1 per 1 000
(0 to 20)
	4 fewer per 1 000
(from 5 fewer to 15 more)
	⨁⨁⨁◯1
Moderate

	Conversion
	1215
(5 RCTs)
	RR = 0.82
(0.36 to 1.87)
	20 per 1 000
	16 per 1 000
(7 to 37)
	4 fewer per 1 000
(from 13 fewer to 17 more)
	⨁⨁⨁◯1
Moderate

	Cystic Duct Identification 
	757
(2 RCTs)
	RR = 1.05
(0.92 to 1.20)
	955 per 1 000
	1000 per 1 000
(879 to 1 000)
	48 more per 1 000
(from 76 fewer to 191 more)
	⨁⨁⨁◯1
Moderate

	Common Bile Duct Identification
	757
(2 RCTs)
	RR = 1.68
(1.31 to 2.15)
	497 per 1 000
	836 per 1 000
(652 to 1 000)
	338 more per 1 000
(from 154 more to 572 more)
	⨁⨁⨁◯1
Moderate

	Common Hepatic Duct Identification
	757
(2 RCTs)
	RR = 1.81
(1.53 to 2.13)
	328 per 1 000
	594 per 1 000
(502 to 699)
	266 more per 1 000
(from 174 more to 371 more)
	⨁⨁⨁◯1
Moderate

	1 There are some concerns about risk of bias in randomized controlled trials
* The basis for the risk in the control group comes from pooled estimates of control groups. The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: confidence interval; RR: risk ratio
	


‘Summary of findings’ table was built using GRADE’s official software package (www.gradepro.org).
[bookmark: _GoBack]
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Supplementary Figure 1A. The traffic plot for the risk of bias in randomized controlled trials.
   [image: ]
Supplementary Figure 1B. The summary plot for the included randomized controlled trials (as percentage).
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