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Background: Iatrogenic bile duct injuries (BDIs) prevention during laparoscopic cholecystectomy (LC) 
relies on meticulous anatomical dissections through direct visualization. Near-infrared fluorescence (NIRF) 
with indocyanine green (ICG) improves the visualization of extrahepatic biliary structures. Although ICG 
can be administered either intravenously or intragallbladder, there remains uncertainty regarding the optimal 
method for different patient populations. This study sought to assess the suitability of each method for 
specific patient groups.
Methods: Between October 2021 and May 2022, 59 consecutive patients underwent fluorescence-guided 
LC at West China Hospital of Sichuan University. Among them, 32 patients received an intravenous 
injection of ICG (10 mg) 10 to 12 hours prior to surgery (Group A: the intravenous group), while 27 patients 
received an intragallbladder injection of ICG (10 mg) (Group B: the intragallbladder group). Baseline 
clinical factors, inclusion criteria, and measurements of parameters and complications were assessed. Data 
were retrospectively collected and analyzed to evaluate the comparability of the two groups and the clinical 
outcomes.
Results: Groups A and B included 32 patients (18 males, 14 females), and 27 patients (13 men, 14 women), 
respectively. In our statistical analysis, significant differences were observed in preoperative diagnoses 
between the two groups (P=0.041), but the majority of other baseline clinical factors were comparable. 
Notably, no statistically significant differences were found in complication rates. However, Group A had a 
shorter operative time (60.38±9.35 vs. 66.78±9.88 min, P=0.01) and superior bile duct fluorescence (P=0.04) 
than Group B. Interestingly, fluorescence was not observed in impacted gallbladder stones in Group B. 
Additionally, patients with cirrhosis (P=0.008) and fatty liver (P=0.005) in Group B had higher common bile 
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Introduction

Laparoscopic cholecystectomy (LC) is the minimally 
invasive surgical procedure for the gallbladder removal. It is 
estimated that approximately 3,000,000 LCs are performed 
in the United States annually (1). Notably, iatrogenic bile 
duct injury (BDI) is a significant complication of LC, with 
an incidence rate ranging from 0.3% to 0.7% (2-4). The 
most common reason for BDI is the misidentification of 
the biliary anatomy (2). To address the risk of iatrogenic 
BDI during LC, Strasberg introduced the “Critical 
View of Safety” concept in 1995 (5). This concept has 
been increasingly recognized as the standard method 

for the cystic duct and artery identification to mitigate 
BDI risk and prevent errors stemming from anatomical 
deviations (6). In subsequent years, the use of techniques 
such as intraoperative ultrasound and intraoperative 
cholangiography have been suggested during LC (7). 
Nevertheless, the adoption of these methods in the clinical 
practice has been limited due to constraints such as time 
consumption, surgeons’ experience, increased costs and 
radiation exposure (8).

Recent research has shown the efficacy of the near-
infrared fluorescence (NIRF) with indocyanine green (ICG) 
in visualizing the extrahepatic biliary structures (9-11). Dip 
et al. (12) showed that NIRF with ICG cholangiography 
(NIFC) was significantly superior to white light in 
enhancing the visualization of extrahepatic biliary structures 
during LC. Our preliminary study also confirmed that 
the preoperative intravenous injection of 10 mg ICG, 10 
to 12 hours before surgery, yielded satisfactory imaging 
results (13). However, this approach requires nighttime 
administration, with inconveniences both for patients and 
healthcare providers. Additionally, if patients have factors 
impeding ICG metabolism or excretion, the peripheral 
intravenous injection of ICG may not yield optimal 
biliary fluorescence visualization (14,15). Conversely, the 
intragallbladder ICG injection effectively circumvents 
interference from hepatic background fluorescence on 
biliary fluorescence visualization (16). Moreover, the timing 
of this ICG administration approach is more convenient 
than that of a preoperative peripheral intravenous 
injection (16). Liu et al. (17) explored the technique of 
intragallbladder ICG injection and found that NIFC can 
achieve noise-free visualization of the biliary anatomy.

Although existing literature has documented favorable 
results in visualizing the extrahepatic bile duct for each 
method, there remains uncertainty regarding the optimal 
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method for different patient populations. Furthermore, 
there is a lack of comparative studies on the two ICG 
administration routes. The aim of this retrospective study 
is to explore the optimal ICG administration route for 
patients who underwent LC using NIRF. We present  
this article in accordance with the STROBE reporting 
checklist (18) (available at https://gs.amegroups.com/article/
view/10.21037/gs-24-198/rc).

Methods

Study design and participants

Patient data were collected from individuals who underwent 
LC at the Department of Pancreatic Surgery, West China 
Hospital of Sichuan University, between October 2021 
and May 2022. The study was approved by the Biomedical 
Research Ethics Committee of West China Hospital 
of Sichuan University [No. 2023 Review (1593)]. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The requirement for 
written informed consent was waived by the Biomedical 
Research Ethics Committee of West China Hospital of 
Sichuan University due to the retrospective nature of the 
study. The enrolled patients received an ICG injection and 
underwent intraoperative NIRF imaging. Patients without 
surgical videos were excluded. Based on the method of ICG 
administration, patients were divided into the following 
two groups: the peripheral intravenous injection group  
(Group A), and the intragallbladder injection group 
(Group B). In Group A, 10 mg of ICG were administered 
via peripheral intravenous injection 10 to 12 hours before 
surgery. In Group B, 3–5 mL of normal saline containing  
10 mg of ICG were injected into the gallbladder lumen 
during surgery.

Data on patient characteristics were collected, including 
baseline demographics, intraoperative outcomes, and 
postoperative complications. Baseline characteristics 
included age, gender, indication to surgery, total serum 
bilirubin, direct serum bilirubin, comorbidities, and impacted 
gallbladder stones (yes/no). The intraoperative outcomes 
and postoperative complications, including operative time 
(min), blood loss (mL), and gallbladder difficulty scores 
[assessed according to Tokyo Guidelines (19)]. The BDI 
occurrence, bile leakage, and postoperative pancreatitis 
were also assessed. Data on common bile duct fluorescence 
visualization and the common bile duct-to-liver ratio (BLR) 
were collected. The Image-Pro Plus software (developed by 

Media Cybernetics Corporation, Rockville, USA) was used 
to measure the fluorescence intensity of the common bile 
duct and liver and to subsequently calculate the BLR. To 
address potential sources of bias, our study implemented the 
following measures: first, we minimized selection bias by 
employing stringent inclusion and exclusion criteria; second, 
data collection was conducted by trained researchers, 
ensuring a standardized process to reduce information bias.

Statistical analysis

Statistical analysis was performed using IBM SPSS 19.0 
(SPSS Inc., Chicago, IL, USA). If there is minimal missing 
data, we opt to delete the observations containing missing 
values. The normally distributed continuous variables were 
expressed as mean ± standard deviation (SD) and were 
analyzed using the independent sample t-test. The non-
normally distributed continuous variables were expressed 
as median (interquartile range), and group differences were 
compared using the Mann-Whitney U test. The categorical 
variables are expressed as frequency (n, %), and were 
analyzed using the Chi-squared or Fisher’s exact test. All the 
tests were two-sided, with a significance level set at P<0.05.

Results

Patients clinical characteristics

The clinical characteristics of the two groups are reported 
in Table 1. Group A included 32 patients, of whom 18 men 
and 14 women. Group B included 27 patients, of whom 
13 men and 14 women (P=0.54). Mean age of patients in 
Group A was 51.16 years, while in Group B was 47.04 years 
(P=0.17). There were no statistically significant differences 
between the two groups in terms of number of patients with 
cirrhosis (P=0.72), fatty liver (P=0.74), preoperative total 
serum bilirubin (Figure 1A, P=0.07), direct serum bilirubin 
(Figure 1B, P=0.14), and impacted gallbladder stones 
(P=0.65). However, there was a statistically significant 
difference between the two groups in terms of preoperative 
diagnosis (P=0.04).

Surgical outcomes

The surgical outcomes are reported in Table 2. The mean 
operative time of Group B was 6.4 min longer than that 
of Group A (66.78 vs. 60.38 min; P=0.01). There were no 
statistically significant differences between the two groups 
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Table 1 Patients’ clinical characteristics at the baseline

Demographics Group A (n=32) Group B (n=27) P value

Age (years) (mean ± SD) 51.16±12.52 47.04±9.93 0.17

Sex, n (%) 0.54

Male 18 (56.25) 13 (48.15)

Female 14 (43.75) 14 (51.85)

Preoperative diagnosis, n (%) 0.04

Gallbladder polyps 7 (21.88) 12 (44.44)

Single stone of the gallbladder 9 (28.12) 9 (33.33)

Multiple stones in the gallbladder 15 (46.88) 4 (14.82)

Gallbladder adenomyosis 1 (3.12) 2 (7.41)

Comorbidities, n (%)

Cirrhosis 4 (12.50) 5 (18.52) 0.72

Fatty liver 6 (18.75) 4 (14.82) 0.74

Biochemical indexes, median [range]

TBil (μmol/L) 10.95 [4, 47] 12.40 [5, 49] 0.07

DBil (μmol/L) 3.5 [2, 16] 4 [2, 27] 0.14

Gallbladder duct stone impaction, n (%) 2 (6.25) 3 (11.11) 0.65

Group A, the patients received ICG via intravenous injection; Group B, the patients received ICG via intragallbladder injection. SD, 
standard deviation; TBil, total bilirubin; DBil, direct bilirubin; ICG, indocyanine green.

Figure 1 No statistically significant differences were observed between the two groups regarding preoperative levels of total bilirubin (A, 
P=0.07, Mann-Whitney U test), direct bilirubin (B, P=0.14, Mann-Whitney U test), or blood loss (C, P=0.18, Mann-Whitney U test). 
Group A, patients received ICG via intravenous injection; Group B patients received ICG via intragallbladder injection. ns, non-significant; 
TBil, total bilirubin; DBil, direct bilirubin; ICG, indocyanine green. 
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Table 2 Surgical outcomes

Surgical outcomes Group A (n=32) Group B (n=27) P value

Gallbladder difficulty scores, n (%) >0.99

2 24 (75.00) 20 (74.07)

3 7 (21.88) 7 (25.93)

4 1 (3.12) 0 

Operative time (min) (mean ± SD) 60.38±9.35 66.78±9.88 0.01

Bile leak 0 0 >0.99

BDI 0 0 >0.99

Pancreatitis, n (%) 0 1 (3.70) 0.46

Blood loss (mL), median [range] 5 [5, 25] 5 [5, 15] 0.18

Group A, the patients received ICG via intravenous injection; Group B, the patients received ICG via intragallbladder injection. SD, 
standard deviation; BDI, bile duct injury; ICG, indocyanine green.

in terms of blood loss (Figure 1C, P=0.18), gallbladder 
difficulty scores (P>0.99), bile leakage (P>0.99), BDI rate 
(P>0.99), and postoperative pancreatitis (P=0.46). One 
patient in Group B developed postoperative pancreatitis. 
This patient had multiple gallstones before surgery. The 
patient showed improvement following symptomatic 
supportive treatments, including antibiotic therapy, 
suppression of pancreatic secretion, and fasting. On the 
fifth postoperative day, amylase levels returned into normal 
range.

Comparison of common bile duct fluorescence visualization 
between the two patient groups

The  re su l t s  o f  common b i l e  duc t  f l uore s cence 
visualization in the two groups are reported in Table 3. 

All the patients in Group A exhibited common bile duct 
fluorescence visualization, while in Group B, common 
bile duct fluorescence was not observed in four patients. 
The Fisher’s exact test results revealed a statistically 
significant difference between the two groups in terms 
of common bile duct fluorescence visualization (P=0.04). 
Among these four patients, one had gallbladder stones 
combined with gallbladder atrophy (Figure 2A), while 
the other three patients had impacted gallbladder stones  
(Figure 2B-2F). There was no statistically significant 
difference in common bile duct fluorescence visualization 
among patients with impacted gallbladder stones between 
the two groups (P=0.10); all three patients in Group B failed 
to show fluorescence visualization, while both patients in 
Group A exhibited fluorescence visualization. Examples of 
extrahepatic biliary fluorescence visualization in the two 

Table 3 Intraoperative fluorescence cholangiography

Common bile duct fluorescence imaging
Group A (n=32) Group B (n=27)

P value
Visible Not visible Visible Not visible

Diagnosis, n (%) 32 (100.00) 0 23 (85.19) 4 (14.81) 0.04

Single stone of the gallbladder 9 0 7 2

Multiple stones in the gallbladder 15 0 2 2

Gallbladder polyps 7 0 12 0

Gallbladder adenomyosis 1 0 2 0

Gallbladder duct stone impaction, n (%) 2 (100.00) 0 0 3 (100.00) 0.10

Group A, the patients received ICG via intravenous injection; Group B, the patients received ICG via intragallbladder injection. ICG, 
indocyanine green.
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patient groups are reported in Videos S1,S2.

Comparison of the BLRs between the two patient groups

The fluorescence intensity ratio between the common bile 
duct and the liver (i.e., the BLR) is a crucial parameter for 
assessing the efficacy of common bile duct fluorescence 
visualization (20-22). We also employed this ratio in our 
previous research to evaluate the effect of common bile duct 
fluorescence imaging (13). In this study, we calculated the 
BLRs of the two groups of patients with different diagnosis. 
Interestingly, we did not find statistically significant 
differences in the BLRs among patients with solitary 
gallbladder stones (P>0.99), multiple gallbladder stones 
(P=0.60), or gallbladder polyps (P=0.37). The BLR values of 
patients with gallbladder adenomyomatosis in both groups 
were consistently above 1 (Table 4).

Compared to patients receiving intravenous ICG 
injection (Figure 3A-3D), patients with concurrent liver 
cirrhosis or fatty liver who received a ICG gallbladder 
injection (Figure 3E-3J) achieved superior discriminatory 
common bile duct fluorescence imaging results. A further 
statistical analysis was conducted of the BLRs of both 

groups of patients with concurrent liver cirrhosis or 
fatty liver, and statistically significant differences were 
observed in the BLRs of the two groups among patients 
with liver cirrhosis (P=0.008) and fatty liver (P=0.005)  
(Table 4). Despite statistically significant differences were 
not observed in the BLRs of patients with impacted 
gallbladder stones between the two groups, it should be 
noted that among patients in Group B with impacted 
gallbladder stones, all the BLR values were consistently 
below 1.

Discussion

This study investigated the effects of different ICG 
administration routes on common bile duct fluorescent 
imaging. Through a retrospective analysis of 59 patients, 
we observed that the common bile duct fluorescence 
visualization rates were 100% in the peripheral venous 
ICG injection group and 85.19% in the gallbladder ICG 
injection group (P=0.04). A further analysis of the reasons 
behind this discrepancy revealed that in all patients with 
impacted gallbladder stones, common bile duct fluorescence 
imaging could not be achieved through gallbladder ICG 

A

F

B C

D E

Figure 2 Preoperative computed tomography images and intraoperative common bile duct fluorescence imaging. (A) Gallbladder stone 
combined with gallbladder atrophy; (B) single impacted gallbladder stone impaction; (C) multiple gallbladder stones and gallbladder stone 
impaction; (D-F) common bile duct fluorescence imaging results after gallbladder injection of ICG in patients with single gallbladder stone 
impaction. ICG, indocyanine green.
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Figure 3 Fluorescence imaging results in patients with either cirrhosis or fatty liver in Group A and Group B. (A) Patients with combined 
cirrhosis in Group A; (B) fluorescence imaging results of patients with combined cirrhosis in Group A; (C) patients with combined 
fatty liver in Group A; (D) fluorescence imaging results of patients with combined fatty liver in Group A; (E) patients with combined 
cirrhosis in Group B; (F,G) fluorescence imaging results of patients with combined cirrhosis in Group B; (H) patients with combined 
fatty liver in Group B; (I,J) fluorescence imaging results in patients with combined fatty liver in Group B. The blue arrowheads represent 
hepatoduodenal ligament.

Table 4 The fluorescence intensity of the common BLR

Patients’ clinical characteristics
Group A Group B

P value
BLR >1 BLR ≤1 BLR >1 BLR ≤1

Preoperative diagnosis, n (%) 23 (71.87) 9 (28.13) 23 (85.19) 4 (14.81) 0.35

Single stone of the gallbladder 6 (66.67) 3 (33.33) 7 (77.78) 2 (22.22) >0.99

Multiple stones in the gallbladder 10 (66.67) 5 (33.33) 2 (50.00) 2 (50.00) 0.60

Gallbladder polyps 6 (85.71) 1 (14.29) 12 (100.00) 0 0.37

Gallbladder adenomyosis 1 (100.00) 0 2 (100.00) 0

Comorbidities, n (%)

Cirrhosis 0 4 (100.00) 5 (100.00) 0 0.008

Fatty liver 0 6 (100.00) 4 (100.00) 0 0.005

Gallbladder duct stone impaction, n (%) 1 (50.00) 1 (50.00) 0 3 (100.00) 0.40

Group A, the patients received ICG via intravenous injection; Group B, the patients received ICG via intragallbladder injection. BLR, bile 
duct-to-liver ratio; ICG, indocyanine green.



Gland Surgery, Vol 13, No 9 September 2024 1635

© AME Publishing Company. Gland Surg 2024;13(9):1628-1638 | https://dx.doi.org/10.21037/gs-24-198

injection. Additionally, the proportions of patients in 
both groups with a BLR greater than 1 were 71.87% and 
85.19%, respectively (P=0.35). A further analysis of patients 
with combined liver cirrhosis or fatty liver revealed that the 
proportions of patients with a BLR greater than 1 in these 
groups were 0% and 100%, respectively. Furthermore, we 
observed that a patient developed postoperative pancreatitis 
after intragallbladder ICG injection. This patient presented 
with multiple gallstones and sediment-like calculi in the 
gallbladder. Our analysis suggests that the intraoperative 
displacement of sediment-like calculi into the common 
bile duct might have contributed to this incidence of 
pancreatitis. Consequently, for patients with impacted 
gallbladder stones or sediment-like gallbladder stones, 
preoperative ICG injection is recommended. Conversely, 
for patients with cirrhosis or fatty liver, an intraoperative 
gallbladder ICG injection could enhance discernibility for 
better visualization.

Recently,  the appl icat ion of  ICG fluorescence 
cholangiography in liver extrahepatic biliary surgery has 
expanded. The refinement of this emerging technique could 
significantly influence the pivotal progress of future research 
in this domain (23). A recent multicenter prospective 
randomized controlled trial shed light on the early 
identification of pertinent extrahepatic biliary anatomical 
structures during LC through the application of NIRF 
imaging (24). This advanced imaging technique facilitates 
the prompt visualization of critical components, such as the 
cystic duct, common bile duct, and the transition from the 
cystic duct artery to the gallbladder. The quest to optimize 
the fluorescence imaging effect of extrahepatic bile duct 
has been a persistent focus of researchers (9,13,21,22,25). 
The administration timing (9,13,22,25), dosage (9,21,25), 
and delivery routes (16,26) of ICG have all been subjects 
of corresponding investigational reports. In this study, a 
particular emphasis is placed on exploring the delivery 
routes for ICG. The findings of this research underscore the 
importance of tailoring the choice of ICG administration 
route based on individual patient characteristics to achieve 
the desired optimal fluorescent cholangiography outcomes.

Previous studies have compared the two routes of ICG 
administration; however, research on the selection of 
the optimal ICG administration route is limited. Shibata  
et al. (26) elucidated the differences between intravenous 
ICG injection and intrabiliary ICG injection. However, 
three distinct methods were used in the intrabiliary 
administration group. Specifically, eight patients received 
ICG via hepaticocholecystic drainage, one through 

endoscopic nasobiliary drainage, and three through direct 
gallbladder injection. Due to the limited sample size and 
the multiple intrabiliary injection methods, a conclusive 
determination favoring one approach over another 
one has yet to be determined. A case-control study by 
Castagneto-Gissey et al. (16) explored the fluorescence 
cholangiography effects of the two ICG injection methods 
and found that both injection methods aided in the 
anatomical delineation of Calot triangle for extrahepatic 
biliary structures. In comparison to intravenous ICG 
injection, the intragallbladder ICG administration route 
mitigated liver fluorescence, resulting in a superior signal-
to-noise ratio and heightened contrast between bile ducts 
and liver tissue. Additionally, they noted that peripheral 
venous administration was more effective in outlining the 
duodenum and common hepatic duct than gallbladder 
puncture administration. Both studies affirmed the efficacy 
of both injection methods for extrahepatic bile duct 
fluorescent imaging. However, a definitive answer as to 
which method to choose for ICG administration based on 
patient characteristics needs to further studies.

Based on our research findings, we recommend that 
an individualized approach is adopted to select the 
most suitable ICG administration route based on each 
patient’s unique characteristics (Table 5). Intraoperative 
fluorescence cholangiography using intragallbladder ICG 
injection should be avoided in case of patient with: (I) 
multiple gallstones or a gallbladder filled with stones; (II) 
sediment-like gallbladder stones; (III) impacted gallbladder 
stones; (IV) potentially malignant gallbladder polyps; 
(V) gallbladder atrophy; and/or (VI) liver duct anatomy 
variations. The preoperative intravenous ICG injection is 
a safer alternative than the intragallbladder ICG injection. 
However, in case of patients with concomitant cirrhosis 
or fatty liver, given the potential interference of liver 
background fluorescence, we recommend that, when the 
option is available, intragallbladder ICG injection is used.

The main limitations of the present study are its 
retrospective nature and the sample size.

Conclusions

ICG fluorescence cholangiography allows to visualize 
extrahepatic biliary anatomical structures under both 
administration methods. However, the efficacy of bile duct 
fluorescence varies with different administration routes 
in diverse patient populations. Our investigation revealed 
that patients with gallbladder atrophy, sediment-like 
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gallstones, fully occupied gallstones, or impacted stones in 
the gallbladder duct or neck were not suitable candidates 
for intragallbladder ICG injection. In our opinion, for 
such patients, intravenous ICG injection is recommended. 
Patients with comorbidities such as cirrhosis or fatty liver 
tend to exhibit stronger hepatic background fluorescence 
with intravenous ICG injection. Hence, for this subgroup of 
patients, intraoperative gallbladder injection of ICG may be 
a more suitable option. Hence, appropriate administration 

route selection for ICG should be tailored to individual 
patients.

Further studies with large sample of patients are required 
to confirm our results.
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Table 5 Comparison of the two methods of ICG injection

Intravenous injection via peripheral veins

Indications: 

Gallbladder stone impaction

Gallbladder filled with stones

Gallbladder polyps

Gallbladder atrophy

Gallbladder polyps with potential malignancy

Gallbladder adenomyomatosis

Preoperative intravenous injection of ICG may not achieve 
optimal contrast enhancement in patients with: 

Liver cirrhosis

Fatty liver

Percutaneous injection via gallbladder

Indications: 

Patients with liver cirrhosis

Patients with fatty liver

Gallbladder polyps without potential malignancy

Single and freely movable gallbladder stone

Gallbladder adenomyomatosis

No risk of substances in the gallbladder dropping into the 
common bile duct after injection (e.g., gallbladder sandy 
stone)

This injection method is not suitable if the patient has: 

Variant accessory hepatic ducts or aberrant hepatic ducts, 
as this method may not be suitable for fluorescence imaging

Gallbladder stone impaction

Gallbladder filled with stones

Gallbladder polyps with potential malignancy

Gallbladder atrophy

ICG, indocyanine green.
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