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Abstract
Background Hepatectomy stands as a curative management for liver cancer. The critical factor for minimizing 
recurrence rate and enhancing overall survival of liver malignancy is to attain a negative margin hepatic resection. 
Recently, Indocyanine green (ICG) fluorescence imaging has been proven implemental in aiding laparoscopic liver 
resection, enabling real-time tumor identification and precise liver segmentation. The purpose of this study is to 
conduct a systematic review and meta-analysis to ascertain whether ICG-guided laparoscopic hepatectomy yields a 
higher incidence of complete tumor eradication (R0) resections.

Methods The search encompassed databases such as PubMed, Cochrane Library database, Scopus, ScienceDirect, 
and Ovid in April 2024, in strict adherence to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. Studies involving patients with malignant liver lesions who underwent ICG-guided laparoscopic 
hepatectomy and reported R0 resection outcomes were eligible for inclusion in this review.

Results In a total of seven studies, involving 598 patients, were included in the meta-analysis. The ICG demonstrated 
a significantly elevated R0 resection rate compared to the non-ICG group [98.6% (359/364) vs. 93.1% (339/364), odds 
ratio (OR) = 3.76, 95% confidence intervals (CI) 1.45–9.51, P = 0.005]. Notably, no heterogeneity was observed (I2 = 0%, 
P = 0.5). However, the subtype analysis focusing on hepatocellular carcinoma [98.2% (165/168) vs. 93.6% (161/172), 
OR = 3.34, 95% CI 0.94–11.91, P = 0.06) and the evaluation of margin distance (4.96 ± 2.41 vs. 2.79 ± 1.92 millimeters, 
weighted mean difference = 1.26, 95% CI -1.8-4.32, P = 0.42) revealed no apparent differences. Additionally, the 
incidence of overall postoperative complications was comparable between both groups, 27.6% (66/239) in the ICG 
group and 25.4% (75/295) in the non-ICG group (OR = 0.96, 95% CI 0.53–1.76, P = 0.9). No disparities were identified 
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Background
A malignant tumor of the liver encompasses both pri-
mary and metastatic tumors. Liver resection stands as a 
curative approach for this group of patients [1, 2]. Intro-
duced in 1991, laparoscopic liver resection (LLR) primar-
ily involved wedge liver resection or minor hepatectomies 
[3]. Subsequently, the prevalence of laparoscopic hepa-
tectomies rapidly increased after the first International 
Consensus Conference on Laparoscopic Liver Resection 
(ICCLLR) in 2008 [4]. Nowadays, advancements in sur-
gical techniques and instruments have led LLR into all 
procedures of hepatectomy including wedge resection, 
segmentectomy, sectionectomy, and hemihepatectomy 
[5]. Notably, LLR has been demonstrated to be safe even 
for hepatopancreatobiliary surgeons with limited experi-
ence [6].

While laparoscopic hepatectomy is recognized for its 
substantial reduction in complications and hospital-
ization duration, its impact on oncological outcomes 
remains a subject of debate. The key to diminishing 
recurrence rates and elevating survival rates lies in 
achieving complete tumor eradication, or what is referred 
to as R0 resection [7–10]. The challenge in LLR arises 
from the inability to manually assess the tumor and being 
unable to place the ultrasound probe during the transec-
tion. So, we cannot see the tumor in real-time during the 
procedure and might leave it behind. Additionally, intra-
operative ultrasound (IOUS) may fail to detect minute 
superficial tumors [1]. Therefore, novel techniques have 
been determined to achieve the negative margin.

Indocyanine green (ICG) binds to plasma protein, gen-
erating a fluorescent signal. The near-infrared wavelength 
will create green imaging and subsequently excreted 
through the biliary tract and liver [11]. ICG has found 
applications in various procedures, including assess-
ing liver function with the Indocyanine green retention 
ratio at 15  min (ICGR15) [12], bile duct imaging [13], 
sentinel lymph node detection in breast cancer [14], aid-
ing in cerebral aneurysm surgery [15], conducting retinal 
angiography [16], and assessing blood supply perfusion 
in cardiovascular disease and colorectal surgery [17, 18]. 
In 2008, Aoki first introduced complications-free fluo-
rescence-guided hepatic resection [19]. The use of ICG 
guidance in laparoscopic hepatectomy can assist with 

tumor detection and facilitate real-time liver segmenta-
tion during surgery. Our study is designed to determine 
whether the ICG-guided laparoscopic hepatectomy yields 
a superior rate of complete tumor resection in cases of 
hepatic cancer.

Materials and methods
Data sources and searches
Search strategy
The literature searches were developed in PubMed, 
Cochrane Library database, Scopus, ScienceDirect, 
and Ovid from inception to April 2024. The search 
included the terms “indocyanine green”, “ICG”, indocya-
nine green fluorescence”, “fluorescence”, “laparoscopy”, 
“hepatectomy”, “liver cancer”, and “liver neoplasms”. The 
search was limited to excluding conference papers and 
articles only involving animals. No authors or subject 
experts were contacted, and we did not browse unin-
dexed journals in the field. The methods in this review 
are described based on the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
Checklist [20], the Prisma-S extension to the PRISMA 
Statement for Reporting Literature Searches in System-
atic Reviews [21], and meta-analysis of observational 
studies (MOOSE) checklist [22]. The study protocol was 
registered in PROSPERO with the registration number 
CRD42023446440.

Study selection
Studies published in English with adequate information, 
in accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) state-
ment [23], were included in the review. Two authors (VT 
and KW) independently screened the titles and abstracts 
of the retrieved electronic citations. Then, they retrieved 
and reviewed the full texts of the seemingly relevant 
articles. Any disagreements between VT and KW were 
resolved through discussion and arbitration by a third 
author (MK). The reference lists of retrieved articles 
were searched for potentially missing relevant studies. 
We included retrospective and prospective cohort stud-
ies as well as clinical trials that evaluated no residual 
tumor (R0) in patients with malignant liver lesions who 
underwent laparoscopic hepatectomy. Studies that did 

in operative time, intraoperative blood loss, postoperative blood transfusion, and length of hospital stay after the 
surgery.

Conclusions The implementation of ICG-guided laparoscopic hepatectomy can be undertaken with confidence, 
as it does not compromise either intraoperative or postoperative events. Furthermore, the ICG-guided approach is 
beneficial to achieving a complete eradication of the tumor during hepatic resection.

Trial registration PROSPERO registration number CRD42023446440.
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not report R0 rate or studies published as conference 
abstracts, case reports, case series, narrative reviews, edi-
torials, letters, and short communications were excluded.

Data extraction and quality assessment
The primary outcome of the study is the R0 resection 
rate, defined as no residual microscopic and macro-
scopic tumor. Study characteristics were extracted as 
follows: name of the first author, year of publication, 
country, study center, sample size, and study design. 
Patient-related characteristics extracted were mean age, 
tumor type, intraoperative outcome, and postoperative 
complications. Minor postoperative complications are 
defined as Clavien-Dindo classification I-II and major 
postoperative complications are defined as Clavien-
Dindo classification ≥ IIIA. Additional file Table S1 pro-
vides The Newcastle-Ottawa Quality Assessment Scale 
(NOS), which was used to evaluate the quality and the 
risk of bias in the observational studies included in our 
meta-analysis.

Data synthesis and analysis
Results were synthesized quantitatively by perform-
ing random-effects meta-analyses to compute weighted 
mean difference (WMD) for continuous variables and 
pooled odds ratios (ORs) for binary variables. All pooled 
estimations are displayed with 95% confidence intervals 
(CI). The mean and standard deviation were calculated 
based on the method described by Wan et al., if not pro-
vided in the study [24]. Heterogeneity in study effect 
sizes was examined using the I2 index and the Q-test P 
value. An I2 index > 75% indicates medium to high het-
erogeneity. Categorical variables are presented as num-
bers (%) and continuous variables as mean ± standard 
deviation (SD). Statistical significance was defined as a 
P-value < 0.05. Publication bias was formally assessed 
using the Egger test. The analyses were performed using 
Review Manager (RevMan) version 5.4.1 (the Cochrane 
Collaboration, 2020).

Results
Study selection, characteristics, and quality of included 
studies
A total of 425 abstracts were generated through the 
initial search, with 190 studies being eliminated due 
to duplication. Following a thorough review of the 
abstracts, 228 were subsequently excluded based on the 
criteria explained in Fig. 1. Conclusively, seven retrospec-
tive cohort articles encompassing 598 patients with 327 
patients in the non-ICG group, and 271 patients in the 
ICG group were analyzed [25–31]. The number of tumors 
was 728 in total, comprising 364 tumors in the non-ICG 
group, and 364 tumors in the ICG group. The character-
istics of the included studies are shown in Table 1. These 

studies spanned publication dates from 2018 to 2023. In 
terms of quality assessment, the NOS score exhibited a 
range from 7 to 9, indicative of good quality.

Primary outcome
R0 resection
In total, seven studies [25–31] reported the R0 resec-
tion rate: 98.6% (359/364) in the ICG group and 93.1% 
(339/364) in the non-ICG group. Heterogeneity was 
not observed (I2 = 0%, P = 0.56). The ICG group had a 
significantly higher R0 resection rate (OR = 3.76, 95% 
CI 1.45–9.51, P = 0.005) (Fig. 2). Subgroup analysis was 
conducted for hepatocellular carcinoma (HCC) and 
liver metastases. Among the HCC group, four stud-
ies [27–30] indicated an R0 resection rate of 98.2% 
(165/168) in the ICG group and 93.6% (161/172) in 
the non-ICG group, with no observed heterogene-
ity (I2 = 0%, P = 0.59). The ICG group showed a nonsig-
nificant increase in the R0 resection rate (odds ratio 
[OR] = 3.34, 95% confidence interval [CI] 0.94–11.91, 
P = 0.06) (Fig.  3). In the liver metastases group, two 
studies [26, 28] reported an R0 resection rate of 98.2% 
(111/113) in the ICG group and 86.5% (45/52) in the 
non-ICG group, with moderate heterogeneity observed 
(I2 = 64%, P = 0.09). The ICG group showed a nonsignifi-
cant increase in the R0 resection rate (OR = 5.26, 95% CI 
0.25-110.87, P = 0.29) (Fig. 4).

Secondary outcome
Margin distance
A total of four studies [25, 27, 28, 30] reported mar-
gin distance, with mean values of 4.96 ± 2.41 millime-
ters (mm) in the ICG group and 2.79 ± 1.92  mm in the 
non-ICG group. A significantly large heterogeneity was 
observed (I2 = 97%, P < 0.001). Overall, no significant dif-
ferences were found in margin distance between the two 
groups (WMD = 1.26, 95% CI -1.8-4.32, P = 0.42) (Fig. 5). 
Subgroup analysis for margin distance in HCC, based 
on three studies [27, 28, 30], showed mean values of 
5.11 ± 2.32 mm in the ICG group and 2.67 ± 1.99 mm in 
the non-ICG group, with significantly large heterogene-
ity observed (I2 = 98%, P < 0.001). Similarly, no significant 
differences were found in margin distance between the 
two groups (WMD = 1.39, 95% CI -2.42-5.21, P = 0.47) 
(Fig. 6).

Operative time
In total, seven studies [25–31] reported the operative 
time. The mean operative time was 274.5 ± 111 min in the 
ICG group and 267.3 ± 109.1 min in the non-ICG group. 
A significantly large heterogeneity was observed (I2 = 90%, 
P < 0.001). The result of the operative time showed no 
overall differences in either group (WMD = 5.91, 95% CI 
-26.55-38.37, P = 0.72) (Fig. 7).
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Fig. 1 PRISMA flow diagram of the literature selection [20]
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Table 1 Summary of the included studies
References Year Country Sample size Age Disease type ICG application NOS

Total Non-ICG ICG Non-ICG ICG
Aoki T. et al. [25] 2018 Japan 97 72 25 69 (35–86) 63 (34–84) HCC/CRLM Tumor location 9
Wang G. et al. [26] 2022 China 25 11 14 56(45–70) 54.5(46–60) NETs liver metastases Tumor location 8
Zhou Y. et al. [27] 2019 China 42 21 21 NA NA HCC Tumor location 9
Itoh S. et al. [28] 2022 Japan 64 32 32 69 (44–87) 67 (44–83) HCC/ICCA/

Metastases/other
Tumor location 9

Jianxi W. et al. [29] 2022 China 162 81 81 NA NA HCC Tumor location, posi-
tive/negative staining

9

Liu F. et al. [30] 2023 China 100 50 50 59.16 ± 10.82 56.82 ± 10.41 HCC Tumor location, posi-
tive/negative staining

9

Chen H. et al. [31] 2022 China 108 60 48 56.3 ± 12.1 57.3 ± 9.7 Primary liver cancer Tumor location, posi-
tive/negative staining

7

CRLM- colorectal liver metastases, HCC- hepatocellular carcinoma, ICCA- intrahepatic cholangiocarcinoma, ICG- indocyanine green, NA- not applicable, NETs- 
neuroendocrine tumors, NOS- Newcastle- Ottawa scale

Fig. 4 Forest plot displaying R0 resection of liver metastases subtype

 

Fig. 3 Forest plot displaying R0 resection of HCC subtype

 

Fig. 2 Forest plot displaying R0 resection of the tumors
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Intraoperative blood loss
Regarding intraoperative blood loss, data from seven 
studies [25–31] showed a mean of 319.8 ± 244.3 milli-
liters (ml) in the ICG group and 389.4 ± 388.6  ml in the 
non-ICG group. Considerable large heterogeneity was 
observed (I2 = 94%, P < 0.001). The analysis indicated 
no significant overall differences in blood loss between 
the two groups (WMD = -78.59, 95% CI -188.94-31.76, 
P = 0.16) (Fig. 8).

Postoperative blood transfusion
Postoperative blood transfusion rates were reported in 
five studies [26–30]: 11.6% (23/198) in the ICG group and 
15.9% (31/195) in the non-ICG group. No significant het-
erogeneity was observed (I2 = 0%, P = 0.78). The analysis 
showed no substantial overall differences in transfusion 
rates between both groups (OR = 0.64, 95% CI 0.34–1.19, 
P = 0.16) (Fig. 9).

Fig. 8 Forest plot displaying intraoperative blood loss

 

Fig. 7 Forest plot displaying operative time

 

Fig. 6 Forest plot displaying margin distance of HCC subtype

 

Fig. 5 Forest plot displaying margin distance
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Postoperative length of hospital stay
In terms of postoperative length of hospital stay, data 
from six studies [25, 26, 28–31] indicated a mean of 
9.8 ± 5.6 days in the ICG group and 10.4 ± 5.5 days in the 
non-ICG group. Significant heterogeneity was observed 
(I2 = 97%, P < 0.001). The analysis showed no notable 
overall differences in hospital stay duration between the 
two groups (WMD = -0.45, 95% CI -2.41-1.51, P = 0.65) 
(Fig. 10).

Postoperative overall complications
A total of six studies [25–27, 29–31] provided data on the 
postoperative overall complications rate, revealing a rate 
of 27.6% (66/239) in the ICG group and 25.4% (75/295) 

in the non-ICG group. Although there was moderate het-
erogeneity (I2 = 22%, P = 0.27), the analysis indicated no 
significant disparities between the two groups (OR = 0.96, 
95% CI 0.53–1.76, P = 0.9) (Fig. 11).

Regarding postoperative bleeding, data from five stud-
ies [25–27, 29, 30] showed a rate of 3.1% (6/191) in the 
ICG group and 2.1% (5/235) in the non-ICG group. In 
terms of postoperative liver failure, four studies [25–27, 
29] reported an incidence of 4.3% (6/141) in the ICG 
group and 2.7% (5/185) in the non-ICG group. Postoper-
ative bile leakage was reported in five studies [25–27, 29, 
30], with rates of 3.1% (6/191) in the ICG group and 3% 
(7/235) in the non-ICG group. Postoperative abdominal 
infection data were available from three studies [25, 26, 

Fig. 11 Forest plot displaying postoperative overall complications

 

Fig. 10 Forest plot displaying postoperative length of hospital stay

 

Fig. 9 Forest plot displaying postoperative blood transfusion
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30], indicating a rate of 2.2% (2/89) in the ICG group and 
6% (8/133) in the non-ICG group. Lastly, three studies 
[25, 26, 30] reported postoperative pleural effusion, with 
rates of 27% (24/89) in the ICG group and 15.8% (21/133) 
in the non-ICG group. No significant variability was 
observed in the mentioned results, and the analysis indi-
cated no significant differences between the two groups 
(Additional file Figs. S1–S5).

Postoperative major and minor complications
Across five studies [25, 26, 28–30], the postoperative 
major complications rate was 7.4% (15/202) in the ICG 
group and 14.5% (21/246) in the non-ICG group. No het-
erogeneity was noted (I2 = 0%, P = 0.48). The analysis indi-
cated no significant overall differences between the two 
groups (OR = 0.86, 95% CI 0.39–1.89, P = 0.71) (Fig. 12).

In terms of postoperative minor complications, data 
from four studies [25, 26, 29, 30] revealed a rate of 21.8% 
(37/170) in the ICG group and 14.5% (31/214) in the 
non-ICG group. No heterogeneity was detected (I2 = 0%, 
P = 0.75). The analysis indicated no substantial overall 
differences between the two groups (OR = 1.38, 95% CI 
0.72–2.65, P = 0.33) (Fig. 13).

Discussion
Presently, there exists a range of treatment options for 
liver cancer, including hepatic resection, ablation, tran-
sarterial embolization, chemotherapy, targeted therapy, 

and radiotherapy. Nevertheless, radical hepatectomy 
stands as the foremost choice for achieving a cura-
tive outcome in liver cancer. The achievement of the R0 
resection, indicating the absence of tumor cells in both 
the microscopic and gross margins, is crucial for mini-
mizing recurrence rates and prolonging survival in all 
types of liver cancer [32–34]. Consequently, detecting 
and locating tumors during surgery is the main point to 
improve the therapeutic effect. Laparoscopic hepatec-
tomy with advanced techniques enables precise resec-
tion with smaller incisions, immediate recovery, and no 
compromise in oncological outcomes. Nonetheless, the 
complexity of liver anatomy poses challenges in visualiz-
ing tumors through laparoscopic means and the absence 
of tactile sensation of the tumor. IOUS also faces limita-
tions, particularly in cases involving hepatic parenchyma 
with macronodular cirrhosis and irregular liver surfaces. 
Additionally, obstacles arise with difficult views and 
angles due to the position of the trocar, and in achiev-
ing real-time imaging during intraparenchymal division 
[35–37].

ICG fluorescence imaging has recently gained attention 
and has been used across various fields. In hepatectomy, 
using ICG-guided laparoscopic hepatectomy techniques 
enhances precision in resection, identifies tumor bound-
aries, detects new lesions, provides real-time intraop-
erative navigation for segment boundaries, and reduces 
the need for repeated IOUS. Consequently, this leads to 

Fig. 13 Forest plot displaying postoperative minor complications

 

Fig. 12 Forest plot displaying postoperative major complication
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wider surgical margins [31, 37, 38]. This method proves 
to be beneficial even in challenging procedures like lapa-
roscopic right posterior sectionectomy, which involves 
limited visualization and difficulty in manipulation of lap-
aroscopic devices, as well as in cases of recurrent tumors 
requiring repeated hepatectomies, achieving a 100% R0 
resection rate [27, 39]. However, ICG fluorescence imag-
ing mostly identifies superficial tumors with a depth of 
5 to 10 mm and may miss deeper lesions [40–42]. Com-
bining IOUS with ICG fluorescence imaging increases 
tumor identification sensitivity to 100%, compared to 
86% with IOUS alone and 92% with fluorescence imaging 
alone [40, 43]. Nevertheless, a drawback of this method 
lies in its relatively high false positive rate, reaching up 
to 40% for benign nodules like biliary adenofibroma and 
focal nodular hyperplasia [41, 44]. A report suggested 
that ICG fluorescence imaging can differentiate between 
different types of intrahepatic cholangiocarcinoma based 
on fluorescence patterns [45]. Additionally, a significant 
correlation was observed between ICG fluorescence pat-
terns and grade of differentiation of HCC, with a uniform 
fluorescence pattern predominantly found in well-differ-
entiated HCC, while partially and rim-type fluorescence 
patterns were observed in moderately and poorly differ-
entiated HCC, respectively [46].

The efficacy of ICG fluorescence imaging in influencing 
oncological outcomes remains uncertain. All prior studies 
have been retrospective cohort analyses, with few provid-
ing long-term outcomes. Previous research indicated that 
overall survival (OS) and recurrence-free survival (RFS) 
did not exhibit significant differences [29, 47]. Among the 
studies included in this meta-analysis, only two provided 
data on the long-term follow-up of the HCC patients. 
One study reported significantly improved RFS in the 
ICG group [30], while OS did not differ between the two 
groups in both studies [29, 30]. The first study reported a 
significantly improved 6-month and 18-month RFS rate 
in the ICG group, which were 90% and 80%, respectively, 
compared to 82% and 66% in the non-ICG group. Addi-
tionally, the 6-month and 18-month OS rates in the ICG 
group were 98% and 88%, respectively, compared to 98% 
and 84% in the non-ICG group, with no significant dif-
ference observed. The follow-up period in this study was 
less than three years [30]. Another study demonstrated 
that the 1-year, 2-year, 3-year, and 4-year RFS rates in the 
ICG group were 86.5%, 69.7%, 58.7%, and 44%, respec-
tively, compared to 81.6%, 75.6%, 72%, and 67.9% in the 
non-ICG group. Likewise, the 1-year, 2-year, 3-year, and 
4-year OS rates in the ICG group were 96.1%, 92.2%, 
89.6%, and 80.6%, respectively, compared to 93.5%, 90.8%, 
80.9%, and 77% in the non-ICG group, with no significant 
difference observed [29].

This systematic review and meta-analysis include all 
available recent studies. This meta-analysis of seven 

high-quality studies with 598 patients indicates that ICG 
fluorescence-assisted laparoscopic hepatectomy sig-
nificantly enhances the rate of achieving R0 resections, 
without extending operative time, increasing blood loss, 
prolonging hospital stays, or leading to additional com-
plications. Notably, one study noted two patients in the 
ICG group with positive margins, attributed to infre-
quent conversions to fluorescence imaging during the 
operation and the challenging location of the tumor in 
segments 7 and 8 [28]. The achievement of negative mar-
gins and optimal resection margins holds significance in 
improving OS and RFS for HCC. Numerous studies have 
demonstrated that a wide margin exceeding one centime-
ter establishes superior outcomes compared to a narrow 
margin [34, 48]. In our subgroup analysis specifically tar-
geting R0 resection in HCC, we observed a trend towards 
wider margins associated with higher OR, although the 
results were not statistically significant. Additionally, the 
margin analysis conducted in this study did not reveal 
statistically significant differences. Therefore, further 
investigation is necessary to verify this hypothesis.

Heterogeneity was noted in terms of operative time, 
intraoperative blood loss, and postoperative hospitaliza-
tion. To address this, we excluded certain studies that 
could potentially contribute to this variability. However, 
even after this adjustment, significant heterogeneity 
persisted, and there was no significant difference in the 
outcomes. Upon analyzing the weighted mean differ-
ences in continuous variables compared to standardized 
mean differences revealed the same results (Additional 
file Figs.  S6–S10). Minimally invasive liver surgery aims 
to reduce the length of hospital stay. Our findings indi-
cated that the mean hospital stay was 9.8 ± 5.6 days in 
the ICG group and 10.4 ± 5.5 days in the non-ICG group, 
which seems comparatively long. A previous study com-
paring hospital stays between open and laparoscopic sur-
gery reported a mean stay of 11.3 days for the open group 
and 6.2 days for the laparoscopic group [6]. The median 
hospital stay was 9 to 10 days for open surgery and 7 to 
8 days for laparoscopic surgery [7, 49]. Prior studies on 
ICG-assisted open hepatectomy reported a mean hospi-
tal stay of 10.4 to 25.75 days in the ICG group, compared 
to 13.4 to 18.2 days in the conventional group [47, 50, 51]. 
Therefore, the hospital stay for laparoscopic hepatectomy 
in our review appears shorter than that for open ICG-
guided surgery. Regarding the conversion rate, an aspect 
of concern for minimally invasive surgeons, only one 
study reported that one patient (2%) in the ICG group 
had a significantly lower rate of conversion to open sur-
gery compared to seven patients (14%) in the non-ICG 
group [30].

Robot-assisted hepatectomy is increasingly gaining 
popularity. ICG-guided robotic surgery has proven to 
be beneficial and shown promising results, including 
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a resection margin of 10  mm [52], a 100% R0 resection 
rate, and the detection of previously missed lesions [53]. 
Although many articles have been published, most are 
case series with sample sizes of less than 50 [54–56]. 
Therefore, prospective studies with larger sample sizes 
are needed for a more comprehensive analysis.

Nevertheless, some limitations of the study need to be 
addressed. All included studies were retrospective cohort 
studies, which carry the risk of missing data, and the pos-
sibility that significant biases may have occurred in the 
selection of controls. This analysis may be subject to bias 
due to the small sample size in some studies, as ICG-
guided laparoscopic hepatectomy represents a relatively 
new approach. Given the numerous techniques avail-
able for applying ICG to assist in surgical procedures, 
the methods of ICG application varied among the studies 
included in this analysis. These methods include tumor 
staining as well as positive or negative staining to distin-
guish the transection line. The lack of a standardized ICG 
administration protocol for this modality introduces the 
potential for bias. Moreover, all studies were conducted 
in Asia and there were also discrepancies in the types 
of liver cancer included in the study. Heterogeneity was 
noted in results related to operative time, intraopera-
tive blood loss, and postoperative hospitalization. As the 
studies reported since 2018, data on long-term follow-up 
is limited. We recommend further research employing 
randomized controlled trials with standardized proto-
cols, larger sample sizes, and extended follow-up dura-
tions to assess long-term RFS and OS rates.

Conclusions
The utilization of ICG-guided laparoscopic hepatectomy 
proves helpful in detecting tumors and visualizing mar-
gins throughout the surgical procedure. ICG-guided 
laparoscopic hepatectomy helps identify tumors and see 
the margin during surgery. Given the challenge of palpat-
ing the tumor during surgery, this approach can assist 
with tumor detection and provide real-time segmenta-
tion of the liver during the transection. This study con-
cludes that the ICG group has a significantly superior R0 
resection rate which might lead to promising oncologic 
outcomes without a concurrent rise in complications. 
Subsequent research should focus on the extended fol-
low-up of OS and RFS rates to validate the applicability 
of this technique.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12893-024-02469-1.

Supplementary Material 1

Acknowledgements
None.

Author contributions
All authors conceptualize and design the study. VT and KW conducted 
the systematic literature review. VT, MK, SU, and KW performed the data 
analyses, and PS, MR, JN, and PK validated the results. VT, MK, SU, and KW did 
the original draft preparation, PS, MR, JN, and PK reviewed and edited the 
manuscript. All authors have read and approved the final version of the article.

Funding
This research received no external funding.

Data availability
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration 
of Helsinki and approved by the Ethics Committee of Panyananthaphikkhu 
Chonprathan Medical Center (protocol code EC 017/66 and date of approval 
17 August 2023).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Surgery, Panyananthaphikkhu Chonprathan Medical 
Center, Srinakharinwirot University, Nonthaburi 11120, Thailand
2Department of Obstetrics and Gynecology, Panyananthaphikkhu 
Chonprathan Medical Center, Srinakharinwirot University,  
Nonthaburi 11120, Thailand
3Division of Nephrology, Department of Medicine, Faculty of Medicine, 
King Chulalongkorn Memorial Hospital, Chulalongkorn University, 
Bangkok 10330, Thailand
4Department of Surgery, Panyananthaphikkhu Chonprathan Medical 
Center, 222 Tiwanon Road, Pak Kret, Nonthaburi 11120, Thailand

Received: 8 February 2024 / Accepted: 28 May 2024

References
1. Liu B, Liu T, Su M, Ma YQ, Zhang BF, Wang YF, et al. Improving the surgical 

effect for primary liver cancer with intraoperative fluorescence navigation 
compered with intraoperative ultrasound. Med Sci Monit. 2019;25:3406–16.

2. Tian ZQ, Su XF, Lin ZY, Wu MC, Wei LX, He J. Meta-analysis of laparoscopic 
versus open liver resection for colorectal liver metastases. Oncotarget. 
2016;7(51):84544–55.

3. Reich H, McGlynn F, DeCaprio J, Budin R. Laparoscopic excision of benign 
liver lesions. Obstet Gynecol. 1991;78(5 Pt 2):956–8.

4. Buell JF, Cherqui D, Geller DA, O’Rourke N, Iannitti D, Dagher I, et al. The 
international position on laparoscopic liver surgery: the Louisville statement, 
2008. Ann Surg. 2009;250(5):825–30.

5. Morise Z, Wakabayashi G. First quarter century of laparoscopic liver resection. 
World J Gastroenterol. 2017;23(20):3581–8.

6. Wongta K, Rattanasakalwong M, Nuchanatanon J, Charutragulchai P, Tangsir-
apat V. Laparoscopic versus open liver resection for treatment of liver tumors: 
early experience outcomes. Formos J Surg. 2024;57(1):11–6.

7. Mirnezami R, Mirnezami AH, Chandrakumaran K, Abu Hilal M, Pearce NW, 
Primrose JN, et al. Short- and long-term outcomes after laparoscopic and 
open hepatic resection: systematic review and meta-analysis. HPB (Oxford). 
2011;13(5):295–308.

https://doi.org/10.1186/s12893-024-02469-1
https://doi.org/10.1186/s12893-024-02469-1


Page 11 of 12Tangsirapat et al. BMC Surgery          (2024) 24:181 

8. Parks KR, Kuo YH, Davis JM, O’ Brien B, Hagopian EJ. Laparoscopic versus 
open liver resection: a meta-analysis of long-term outcome. HPB (Oxford). 
2014;16:109–18.

9. Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, Han HS et al. 
Recommendations for laparoscopic liver resection: a report from the 
second international consensus conference held in Morioka. Ann Surg. 
2015;261(4):619 – 29.

10. Witowski J, Rubinkiewicz M, Mizera M, Wysocki M, Gajewska N, Sitkowski M, 
et al. Meta-analysis of short- and long-term outcomes after pure laparoscopic 
versus open liver surgery in hepatocellular carcinoma patients. Surg Endosc. 
2019;33(5):1491–507.

11. Tanaka E, Choi HS, Fujii H, Bawendi MG, Frangioni JV. Image-guided onco-
logic surgery using invisible light: completed pre-clinical development for 
sentinel lymph node mapping. Ann Surg Oncol. 2006;13(12):1671–81.

12. Kim HJ, Kim CY, Park EK, Hur YH, Koh YS, Kim HJ, et al. Volumetric analysis and 
indocyanine green retention rate at 15 min as predictors of post-hepatec-
tomy liver failure. HPB (Oxford). 2015;17(2):159–67.

13. Shibata H, Aoki T, Koizumi T, Kusano T, Yamazaki T, Saito K, et al. The efficacy of 
intraoperative fluorescent imaging using Indocyanine Green for cholangi-
ography during cholecystectomy and hepatectomy. Clin Exp Gastroenterol. 
2021;14:145–54.

14. Thongvitokomarn S, Polchai N. Indocyanine green fluorescence versus blue 
dye or radioisotope regarding detection rate of sentinel lymph node biopsy 
and nodes removed in breast cancer: a systematic review and meta-analysis. 
Asian Pac J Cancer Prev. 2020;21(5):1187–95.

15. Raabe A, Beck J, Gerlach R, Zimmermann M, Seifert V. Near-infrared indocya-
nine green video angiography: a new method for intraoperative assessment 
of vascular flow. Neurosurgery. 2003;52(1):132–9.

16. Guyer DR, Puliafito CA, Monés JM, Friedman E, Chang W, Verdooner SR. Digital 
indocyanine-green angiography in chorioretinal disorders. Ophthalmology. 
1992;99(2):287–91.

17. Singh SK, Desai ND, Chikazawa G, Tsuneyoshi H, Vincent J, Zagorski BM, et 
al. The graft imaging to improve patency (GRIIP) clinical trial results. J Thorac 
Cardiovasc Surg. 2010;139(2):294–301.

18. Boni L, David G, Dionigi G, Rausei S, Cassinotti E, Fingerhut A. Indocyanine 
green - enhanced fluorescence to assess bowel perfusion during laparo-
scopic colorectal resection. Surg Endosc. 2016;30(7):2736–42.

19. Aoki T, Yasuda D, Shimizu Y, Odaira M, Niiya T, Kusano T, et al. Image-guided 
liver mapping using fluorescence navigation system with indocyanine green 
for anatomical hepatic resection. World J Surg. 2008;32(8):1763–7.

20. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021;372:n71.

21. Rethlefsen ML, Kirtley S, Waffenschmidt S, Ayala AP, Moher D, Page MJ, et 
al. PRISMA-S: an extension to the PRISMA Statement for reporting literature 
searches in systematic reviews. Syst Rev. 2021;10(1):39.

22. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting. 
Meta-analysis of observational studies in epidemiology (MOOSE) group. 
JAMA. 2000;283:2008–12.

23. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, 
et al. The strengthening the reporting of Observational studies in Epidemiol-
ogy (STROBE) statement: guidelines for reporting observational studies. 
Lancet. 2007;370:1453–7.

24. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard 
deviation from the sample size, median, range and/or interquartile range. 
BMC Med Res Methodol. 2014;14:135.

25. Aoki T, Murakami M, Koizumi T, Matsuda K, Fujimori A, Kusano T, et al. 
Determination of the surgical margin in laparoscopic liver resections 
using infrared indocyanine green fluorescence. Langenbecks Arch Surg. 
2018;403(5):671–80.

26. Wang G, Luo Y, Qi W, Yuan C, Xiu D. Determination of surgical margins in 
laparoscopic parenchyma-sparing hepatectomy of neuroendocrine tumors 
liver metastases using indocyanine green fluorescence imaging. Surg Endosc. 
2022;36(6):4408–16.

27. Zhou Y, Lin Y, Jin H, Hou B, Yu M, Yin Z, et al. Real-time navigation guidance 
using fusion indocyanine green fluorescence imaging in laparoscopic non-
anatomical hepatectomy of hepatocellular carcinomas at segments 6, 7, or 8 
(with videos). Med Sci Monit. 2019;25:1512–7.

28. Itoh S, Tomiyama T, Morinaga A, Kurihara T, Nagao Y, Toshima T, et al. 
Clinical effects of the use of the indocyanine green fluorescence imaging 

technique in laparoscopic partial liver resection. Ann Gastroenterol Surg. 
2022;6(5):688–94.

29. Jianxi W, Xiongfeng Z, Zehao Z, Zhen Z, Tianyi P, Ye L, et al. Indocyanine green 
fluorescence-guided laparoscopic hepatectomy versus conventional laparo-
scopic hepatectomy for hepatocellular carcinoma: a single-center propensity 
score matching study. Front Oncol. 2022;12:930065.

30. Liu F, Wang H, Ma W, Li J, Liu Y, Tang S, et al. Short- and long-term outcomes 
of indocyanine green fluorescence navigation- versus conventional-laparo-
scopic hepatectomy for hepatocellular carcinoma: a propensity score-
matched, retrospective, cohort study. Ann Surg Oncol. 2023;30(4):1991–2002.

31. Chen H, Wang Y, Xie Z, Zhang L, Ge Y, Yu J, et al. Application effect of ICG 
fluorescence real-time imaging technology in laparoscopic hepatectomy. 
Front Oncol. 2022;12:819960.

32. Margonis GA, Sergentanis TN, Ntanasis-Stathopoulos I, Andreatos N, Tzanninis 
IG, Sasaki K, et al. Impact of Surgical Margin Width on recurrence and overall 
survival following R0 hepatic resection of colorectal metastases: a systematic 
review and Meta-analysis. Ann Surg. 2018;267(6):1047–55.

33. Watanabe Y, Matsuyama Y, Izumi N, Kubo S, Kokudo N, Sakamoto M, et al. 
Effect of surgical margin width after R0 resection for intrahepatic cholan-
giocarcinoma: a nationwide survey of the liver cancer study group of Japan. 
Surgery. 2020;167(5):793–802.

34. Tsilimigras DI, Sahara K, Moris D, Hyer JM, Paredes AZ, Bagante F, et al. Effect 
of Surgical Margin Width on patterns of recurrence among patients undergo-
ing R0 hepatectomy for T1 hepatocellular carcinoma: an international multi-
institutional analysis. J Gastrointest Surg. 2020;24(7):1552–60.

35. Cheung TT, Ma KW, She WH, Dai WC, Tsang SHY, Chan ACY, et al. Pure lapa-
roscopic hepatectomy with augmented reality-assisted indocyanine green 
fluorescence versus open hepatectomy for hepatocellular carcinoma with 
liver cirrhosis: a propensity analysis at a single center. Asian J Endosc Surg. 
2018;11(2):104–11.

36. Miyata A, Ishizawa T, Tani K, Shimizu A, Kaneko J, Aoki T, et al. Reappraisal 
of a dye-staining technique for anatomic hepatectomy by the con-
comitant use of indocyanine green fluorescence imaging. J Am Coll Surg. 
2015;221(2):e27–36.

37. Inoue Y, Arita J, Sakamoto T, Ono Y, Takahashi M, Takahashi Y, et al. Anatomical 
liver resections guided by 3-dimensional parenchymal staining using fusion 
indocyanine green fluorescence imaging. Ann Surg. 2015;262(1):105–11.

38. Ishizawa T, Fukushima N, Shibahara J, Masuda K, Tamura S, Aoki T, et al. Real-
time identification of liver cancers by using indocyanine green fluorescent 
imaging. Cancer. 2009;115(11):2491–504.

39. Li Z, Cai J, Zheng J, Liang X. Repeated laparoscopic liver resection using ICG 
fluorescent imaging for recurrent liver cancer. Laparosc Endoscopic Robotic 
Surg. 2022;5(1):19–24.

40. Kudo H, Ishizawa T, Tani K, Harada N, Ichida A, Shimizu A, et al. Visualization of 
subcapsular hepatic malignancy by indocyanine-green fluorescence imaging 
during laparoscopic hepatectomy. Surg Endosc. 2014;28(8):2504–8.

41. Boogerd LS, Handgraaf HJ, Lam HD, Huurman VA, Farina-Sarasqueta A, Fran-
gioni JV, et al. Laparoscopic detection and resection of occult liver tumors of 
multiple cancer types using real-time near-infrared fluorescence guidance. 
Surg Endosc. 2017;31(2):952–61.

42. Kokudo N, Ishizawa T. Clinical application of fluorescence imaging of liver 
cancer using indocyanine green. Liver Cancer. 2012;1(1):15–21.

43. Piccolo G, Barabino M, Diana M, Lo Menzo E, Epifani AG, Lecchi F, et al. Appli-
cation of Indocyanine Green Fluorescence as an adjuvant to Laparoscopic 
Ultrasound in minimally invasive liver resection. J Laparoendosc Adv Surg 
Tech A. 2021;31(5):517–23.

44. Nakaseko Y, Ishizawa T, Saiura A. Fluorescence-guided surgery for liver 
tumors. J Surg Oncol. 2018;118(2):324–31.

45. Zhai ST, Liang X, Mao QJ, Liang YL, Xu JJ, Chen J, et al. A retrospective pilot 
study to examine the feasibility of real-time navigation for laparoscopic liver 
resections in intrahepatic cholangiocarcinoma using fusion indocyanine 
green fluorescence imaging. J Surg Oncol. 2020;122(2):226–33.

46. Piccolo G, Barabino M, Santambrogio R, Lecchi F, Di Gioia G, Opocher E, et 
al. Correlation between indocyanine green fluorescence patterns and grade 
of differentiation of hepatocellular carcinoma: a western prospective cohort 
study. Surg Innov. 2023;30(6):770–8.

47. Handgraaf HJM, Boogerd LSF, Höppener DJ, Peloso A, Sibinga Mulder BG, 
Hoogstins CES, et al. Long-term follow-up after near-infrared fluorescence-
guided resection of colorectal liver metastases: a retrospective multicenter 
analysis. Eur J Surg Oncol. 2017;43(8):1463–71.

48. Su CM, Chou CC, Yang TH, Lin YJ. Comparison of anatomic and non-anatomic 
resections for very early-stage hepatocellular carcinoma: the importance 



Page 12 of 12Tangsirapat et al. BMC Surgery          (2024) 24:181 

of surgical resection margin width in non-anatomic resection. Surg Oncol. 
2021;36:15–22.

49. Untereiner X, Cagnet A, Memeo R, De Blasi V, Tzedakis S, Piardi T, et al. Short-
term and middle-term evaluation of laparoscopic hepatectomies compared 
with open hepatectomies: a propensity score matching analysis. World J 
Gastrointest Surg. 2016;8(9):643–50.

50. Kaibori M, Ishizaki M, Matsui K, Kwon AH. Intraoperative indocyanine green 
fluorescent imaging for prevention of bile leakage after hepatic resection. 
Surgery. 2011;150(1):91–8.

51. Yao S, Zhang L, Ma J, Jia W, Chen H. Precise right hemihepatectomy for the 
treatment of hepatocellular carcinoma guided by fusion ICG fluorescence 
imaging. J Cancer. 2020;11(9):2465–75.

52. Chiow AKH, Rho SY, Wee IJY, Lee LS, Choi GH. Robotic ICG guided anatomical 
liver resection in a multi-centre cohort: an evolution from positive staining 
into negative staining method. HPB (Oxford). 2021;23(3):475–82.

53. Marino MV, Podda M, Fernandez CC, Ruiz MG, Fleitas MG. The application 
of indocyanine green-fluorescence imaging during robotic-assisted liver 

resection for malignant tumors: a single-arm feasibility cohort study. HPB 
(Oxford). 2020;22(3):422–31.

54. Li CG, Zhou ZP, Tan XL, Wang ZZ, Liu Q, Zhao ZM. Robotic resection of 
liver focal nodal hyperplasia guided by indocyanine green fluorescence 
imaging: a preliminary analysis of 23 cases. World J Gastrointest Oncol. 
2020;12(12):1407–15.

55. Kinoshita M, Kawaguchi T, Tanaka S, Kimura K, Shinkawa H, Ohira G, et al. 
Application of indocyanine green fluorescence imaging for tumor localiza-
tion during robot-assisted hepatectomy. Cancers (Basel). 2023;15(17):4205.

56. Potharazu AV, Gangemi A. Indocyanine green (ICG) fluorescence in robotic 
hepatobiliary surgery: a systematic review. Int J Med Robot. 2023;19(1):e2485.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Surgical margin status outcome of intraoperative indocyanine green fluorescence-guided laparoscopic hepatectomy in liver malignancy: a systematic review and meta-analysis
	Abstract
	Background
	Materials and methods
	Data sources and searches
	Search strategy
	Study selection
	Data extraction and quality assessment
	Data synthesis and analysis


	Results
	Study selection, characteristics, and quality of included studies
	Primary outcome
	R0 resection


	Secondary outcome
	Margin distance
	Operative time
	Intraoperative blood loss
	Postoperative blood transfusion
	Postoperative length of hospital stay
	Postoperative overall complications
	Postoperative major and minor complications

	Discussion
	Conclusions
	References


