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Abstract
Background  Fluorescence cholangiography (FC) with indocyanine green (ICG) enables real-time intraoperative visualiza-
tion of extrahepatic biliary anatomy during laparoscopic cholecystectomy (LC). There is no consensus on the optimal ICG 
dose or timing of administration for LC. The goal of this study was to implement a simple intraoperative low-dose (“micro-
dose”) ICG protocol that facilitates non-inferior biliary visualization compared to a standard dose protocol to streamline 
perioperative workflows.
Methods  A retrospective review of a prospectively maintained database identified patients who underwent LC at our institu-
tion from 2021 to 2024. Microdose protocol patients were intravenously administered 0.5 mg ICG upon induction of general 
anesthesia, while standard protocol patients received 7.5 mg ICG 60–120 min preoperatively. Operative video from cases in 
both groups were reviewed to compare the frequency of cystic duct (CD), common bile duct (CBD), and common hepatic 
duct (CHD) visualization with FC. A 4-point Likert scale survey was completed for each case to compare ICG signal strength 
(1 = no signal; 4 = very strong), clarity from background interference (1 = cannot discern signal from background; 4 = no 
interference), and usefulness in clinical decision-making (1 = no benefit; 4 = essential).
Results  A total of 100 patients were identified (N = 50 microdose; N = 50 standard). For microdose cases, the mean time 
from ICG administration to skin incision was 16.7 ± 5.6 min, and mean operative time was 47.4 ± 20.2 min. Compared to 
50 standard dose cases, CD visualization before hepatocystic triangle dissection with the microdose protocol was 86.0% vs 
88.0% (p = 0.99). The CBD and CHD were seen in all cases for both groups. There were no significant differences in aver-
age score for signal strength (3.6 ± 0.5 vs 3.7 ± 0.5, p = 0.32), signal clarity (3.4 ± 0.5 vs 3.3 ± 0.5, p = 0.32), or usefulness 
in clinical decision-making (4.0 ± 0.0 vs 4.0 ± 0.0, p = 0.99) between groups.
Conclusion  Microdose ICG can be given intraoperatively to provide excellent biliary visualization during laparoscopic 
cholecystectomy, eliminating the historical workflow of preoperative ICG administration.

Keywords  Laparoscopic cholecystectomy · Indocyanine green · Fluorescence cholangiography · Minimally invasive 
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Laparoscopic cholecystectomy (LC) is one of the most com-
monly performed surgical procedures in the United States, 
with approximately 750,000 performed annually [1]. Despite 

widespread adoption of LC for benign gallbladder pathol-
ogy, devastating intraoperative complications such as com-
mon bile duct injury (CBDI) continue to occur. The reported 
incidence of CBDI is generally recognized to be higher in 
LC compared to open cholecystectomy, with rates ranging 
from 0.03 to 2.6% across studies [2–4]. The primary cause 
of CBDI is misinterpretation of biliary anatomy in 71 to 97% 
of cases [5, 6]. Intraoperative cholangiogram (IOC) has been 
recommended to aid in anatomy identification, but its routine 
use is debated [1, 7, 8]. Fluorescence cholangiography (FC) 
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with near-infrared (NIR) imaging after intravenous injection 
of indocyanine green (ICG) dye is an alternative technique 
that enables real-time intraoperative identification of extra-
hepatic biliary anatomy while avoiding ionizing radiation.

Routine use of ICG during LC has been shown to decrease 
operative time, conversion to open rates, and shorten hos-
pital length of stay compared to standard white light lapa-
roscopy [9, 10]. Fluorescence cholangiography with ICG 
has also been confirmed as an efficient and cost-effective 
surgical strategy [11]. However, there is no consensus on the 
optimal ICG dose or timing of administration for LC. Most 
studies use 2.5 mg of ICG administered approximately 1 h 
before surgery, though protocols vary widely in the litera-
ture [12]. Recent case series and prospective studies have 
investigated lower ICG dose protocols to decrease inter-
ference from background liver fluorescence and improve 
biliary visualization [13–15]. NIR camera sensitivity and 
intraoperative displays have also significantly improved 
since the inception of FC, potentially decreasing the ICG 
dose and timing of administration required for adequate bil-
iary visualization.

Our institution has historically administered 7.5  mg 
of ICG approximately 1 to 2 h preoperatively, a protocol 
developed with older generation camera systems. Since the 
implementation of our protocol, more advanced 4K camera 
platforms have been released with greater image sensor sen-
sitivity. The goal of this study was to implement a simple 
intraoperative low-dose (“microdose”) ICG protocol in con-
junction with these newer camera systems to achieve non-
inferior biliary visualization compared to our standard proto-
col. We hypothesize that administering low-dose ICG at the 
time of general anesthesia induction will enable comparable 
biliary visualization, thereby simplifying our perioperative 
workflows and increasing flexibility in surgical planning.

Methods

Study design

A retrospective review of a prospectively maintained data-
base identified patients who underwent LC at our institution 
from 2021 to 2024. Patients in the microdose group were 
intravenously administered 0.5 mg of ICG upon induction 
of general anesthesia, while patients in the standard group 
received 7.5 mg of ICG approximately 60 to 120 min preop-
eratively. Operative videos from cases in both groups were 
retrospectively reviewed by the operating surgeons to com-
pare the frequency of cystic duct (CD), common bile duct 
(CBD), and common hepatic duct (CHD) visualization with 
FC. A 4-point Likert scale survey was completed for each 
case to compare ICG signal strength (1 = no signal; 4 = very 
strong), clarity from background interference (1 = cannot 

discern signal from background; 4 = no interference), and 
usefulness in clinical decision-making (1 = no benefit; 
4 = essential).

Patient demographics and perioperative outcomes 
between the microdose and standard groups were compared. 
Demographics included age, sex, body mass index (BMI), 
American Society of Anesthesiologists (ASA) classification, 
Charlson Comorbidity Index (CCI), preoperative diagnosis, 
and final pathology results. Operative variables included 
time from ICG administration to skin incision and opera-
tive difficulty. The Nassar scale was used to grade operative 
difficulty for each case based on operative findings of the 
gallbladder, cystic pedicle, and associated adhesions [16]. 
The grading system is designed to be used as an overall 
summary of the operative conditions found, with the worst 
score among the 3 categories serving as the overall grade 
for each individual case. Outcomes included operative time, 
conversion to open rate, intraoperative complications, hos-
pital length of stay (LOS), and 30-day morbidity, mortality, 
readmission, and reintervention rates. Any aberrant biliary 
anatomy identified intraoperatively was also noted.

ICG protocols and equipment

For all cases, one 25 mg vial of ICG was reconstituted in 
10 mL of sterile water. After reconstitution, a 25 mg vial of 
ICG contains 2.5 mg of dye per 1 mL of solution. For the 
microdose protocol, 0.2 mL of this solution (0.5 mg ICG) 
was administered intravenously upon induction of general 
anesthesia in the operating room. For the standard protocol, 
3 mL of this solution (7.5 mg ICG) was administered intra-
venously approximately 60 to 120 min before surgery in the 
preoperative area. Microdose cases were performed using a 
4K laparoscopic camera platform (SynergyID™, Arthrex, 
Inc, Naples, FL) equipped with NIR fluorescence imaging 
capabilities.

Statistical analysis

Categorical variables were reported as a frequency and per-
centage. Continuous variables were reported as a mean and 
standard deviation (SD). Patient demographics, operative 
variables, perioperative outcomes, biliary visualization, and 
results of the Likert scale survey were compared between 
the microdose and standard groups. Pearson chi-squared 
test or Fisher’s exact test were used to compare categori-
cal variables as appropriate. Independent sample t-testing 
was used for comparison of continuous variables. A p value 
of < 0.05 was considered statistically significant. All statisti-
cal analyses were performed using R (Version 4.4.1; Vienna, 
Austria).
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Results

Patient demographics and operative variables

A total of 100 patients were included in the analysis (N = 50 
microdose; N = 50 standard dose). There were no significant 
differences between groups in terms of age, sex, BMI, ASA 
classification, CCI, preoperative diagnosis, final pathology 
results, and Nassar score (Table 1). The majority of proce-
dures were performed for a preoperative diagnosis of symp-
tomatic cholelithiasis in both groups. The mean time from 
ICG administration to skin incision was significantly shorter 
in the microdose group compared to the standard dose group 
(16.7 ± 5.6 vs 94.9 ± 37.6 min, p < 0.001).

Biliary visualization

Compared to 50 standard dose cases, the frequency of CD 
visualization before dissection of the hepatocystic triangle 
with the microdose protocol was 86.0% vs 88.0% (p = 0.99). 
The CBD and CHD were visualized in all cases for both 
groups. Results of the Likert scale survey revealed no sig-
nificant differences in average score for signal strength 
(3.6 ± 0.5 vs 3.7 ± 0.5, p = 0.32), signal clarity (3.4 ± 0.5 vs 
3.3 ± 0.5, p = 0.32), or usefulness in clinical decision-making 
(4.0 ± 0.0 vs 4.0 ± 0.0, p = 0.99) between groups (Table 2).

Perioperative outcomes

There were no significant differences between groups in 
terms of 30-day outcomes, including morbidity, mortality, 
readmission, and reintervention rates (Table 3). Two patients 
in the microdose group developed postoperative superficial 
incisional surgical site infections that were treated with oral 
antibiotics. Another patient in the microdose group devel-
oped a postoperative acute kidney injury requiring readmis-
sion for fluid resuscitation. Two patients in the standard dose 
group developed postoperative intra-abdominal abscesses 

Table 1   Patient demographics and operative variables

p values in bold indicate statistical significance
SD standard deviation, BMI body mass index, ASA American Society 
of Anesthesiologists, CCI Charlson Comorbidity Index, ICG indocya-
nine green

Patient feature Microdose
(N = 50)

Standard dose
(N = 50)

p value

Age (years), mean ± SD 49.7 ± 16.6 50.2 ± 16.7 0.88
Sex, N (%) 0.32
 Female 42 (84.0) 38 (76.0)
 Male 8 (16.0) 12 (24.0)

BMI (kg/m2), mean ± SD 27.3 ± 4.5 29.2 ± 6.8 0.10
ASA class, N (%) 0.46
 1 3 (6.0) 1 (2.0)
 2 32 (64.0) 30 (60.0)
 3 15 (30.0) 19 (38.0)

CCI, mean ± SD 1.6 ± 1.6 1.6 ± 1.5 0.99
Preoperative diagnosis, N (%) 0.80
 Cholelithiasis 37 (74.0) 33 (66.0)
 Acute cholecystitis 1 (2.0) 3 (6.0)
 Chronic cholecystitis 5 (10.0) 4 (8.0)
 Gallbladder polyp 2 (4.0) 5 (10.0)
 Gallstone pancreatitis 1 (2.0) 1 (2.0)
 Choledocholithiasis 2 (4.0) 3 (6.0)
 Biliary dyskinesia 1 (2.0) 1 (2.0)
 Cholangitis 1 (2.0) 0 (0.0)

Pathology results, N (%) 0.38
 Acute on chronic cholecys-

titis
4 (8.0) 4 (8.0)

 Chronic cholecystitis 40 (80.0) 40 (80.0)
 Cholelithiasis 4 (8.0) 1 (2.0)
 Cholesterol polyp 2 (4.0) 5 (10.0)

Time from ICG to incision 
(min), mean ± SD

16.7 ± 5.6 94.9 ± 37.6  < 0.001

Nassar score, mean ± SD 2.1 ± 0.5 2.0 ± 0.6 0.37

Table 2   Biliary visualization

SD standard deviation, ICG indocyanine green

Variable Microdose (N = 50) Standard dose 
(N = 50)

p value

Structure visualized, N (%) 0.99
 Cystic duct 43 (86.0) 44 (88.0)
 Common hepatic duct 50 (100.0) 50 (100.0)
 Common bile duct 50 (100.0) 50 (100.0)

Likert scale, mean ± SD
 ICG signal strength 3.6 ± 0.5 3.7 ± 0.5 0.32
 Clarity from background interference 3.4 ± 0.5 3.3 ± 0.5 0.32
 Usefulness in clinical decision-making 4.0 ± 0.0 4.0 ± 0.0 0.99
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requiring readmission and drainage by interventional radi-
ology. Operative time and hospital LOS were also similar 
between groups. We identified four cases (8.0%) of aber-
rant biliary anatomy in the microdose group. There were 
no conversions to open or intraoperative complications in 
either group.

Discussion

Despite the widespread use of LC for benign gallbladder 
pathology, ICG cholangiography has not yet become stand-
ard of care as an adjunct to the critical view of safety. Our 
institution has previously shown the benefits of ICG for LC 
and adopted this strategy for routine use. [9, 10] There is 
currently no consensus on the ICG dose or timing of admin-
istration that facilitates optimal intraoperative biliary visuali-
zation. In this study, we demonstrate that implementation of 
a low-dose ("microdose") ICG protocol provides non-infe-
rior biliary visualization compared to our historical standard 
protocol with equivalent operative time and perioperative 
outcomes. Simplifying the ICG protocol for LC may help to 
streamline perioperative workflows and increase adoption 
of the technique.

Reported ICG protocols vary widely in the literature. A 
randomized trail published in 2020 by Chen et al. asserted 
that the optimal effect of FC is achieved by performing 
10 mg ICG injections 10 to 12 h prior to surgery [17]. Con-
versely, more recent prospective studies have investigated 
lower ICG dose protocols. Ladd et al. randomized 55 adult 
patients to receive either 0.05 mg or 0.25 mg of ICG on 
induction of anesthesia and found that the lower dose led to 
a quantitative improvement in biliary visualization by mini-
mizing background liver fluorescence [14]. The study also 
found the low-dose protocol provided satisfactory qualitative 
visualization of major extrahepatic biliary anatomy. Another 
recent randomized trial using a 4 K fluorescent imaging sys-
tem for FC found that ICG doses ranging from 10 to 25 µg 

(0.01 to 0.025 mg) given within 30 min preoperatively 
provided adequate biliary visualization [18]. Other groups 
have advocated for weight-based ICG dosing and even tran-
shepatic intracholecystic injection of ICG in select patients 
[19, 20]. While ICG cholangiography is efficacious across a 
range of strategies, intraoperative administration of low-dose 
ICG likely provides the most streamlined and cost-effective 
approach. ICG administration several hours prior to surgery 
is often not feasible for planned outpatient cholecystectomy. 
In addition, broad use of lower ICG doses may help to allevi-
ate potential ICG shortages by reducing waste, and intraop-
erative administration removes an additional step in nursing 
workflows [21]. The demonstrated efficacy of low-dose ICG 
at the time of induction also enables redosing intraopera-
tively for unsatisfactory visualization as needed.

Although the CHD and CBD were identified in all cases 
for both groups, there were several instances in which we 
observed sluggish CD filling or no CD filling altogether. 
One patient in the microdose group who had previously 
received hepatotoxic chemotherapy for a hematologic 
malignancy had no CD filling at 18 min after ICG admin-
istration; however, we observed complete CD filling in real 
time over the next several minutes without having to give 
additional ICG. There were also several patients in both 
groups with cystic duct obstruction secondary to chronic 
cholecystitis who did not achieve CD filling during sur-
gery. Pharmacokinetic studies have shown a measurable 
decrease in ICG hepatic clearance in patients with cirrho-
sis due to a decrease in intrinsic liver function [22]. ICG 
intrinsic hepatic clearance is also an independent predictor 
of survival in cirrhosis [23]. Biliary excretion of ICG is 
subsequently delayed due to decreased hepatic clearance, 
leading some studies to recommend intracholecystic ICG 
injection for patients with cirrhosis and fatty liver disease 
[20, 24]. In our experience, waiting a number of minutes 
for complete biliary excretion of ICG was sufficient for 
visualization in patients with decreased liver function. 
Therefore, there may be a role for modestly delaying ICG 

Table 3   Perioperative outcomes

SD standard deviation

Outcome Microdose (N = 50) Standard dose (N = 50) p value

30-day outcomes, N (%) 0.99
 Morbidity 3 (6.0) 2 (4.0)
 Mortality 0 (0.0) 0 (0.0)
 Readmission 1 (2.0) 2 (4.0)
 Reintervention 0 (0.0) 2 (4.0)

Operative time, mean ± SD 47.4 ± 20.2 52.1 ± 18.3 0.23
Conversion to open, N (%) 0 (0.0) 0 (0.0) –
Intraoperative complications, N (%) 0 (0.0) 0 (0.0) –
Hospital length of stay, mean ± SD 0.2 ± 0.4 0.1 ± 0.3 0.16
Aberrant biliary anatomy, N (%) 4 (8.0) 0 (0.0) 0.12
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administration in patients with suspected liver impairment 
to account for reduced hepatic clearance and prevent pro-
longed operative time. In addition, despite not being able 
to visualize the CD in some patients with chronic gallblad-
der inflammation, the CBD and CHD were always visible 
and facilitated our ability to safely complete each case 
using these structures as key landmarks.

The rapid growth of f luorescence-guided surgery 
(FGS) as a field is demonstrated by the release of several 
flagship fluorescence imaging devices by large medical 
device companies. A recent systematic review identified 
10 devices developed specifically for minimally invasive 
surgery, each designed to work within the ICG wavelength 
of 780 to 830 nm [25]. Each system provides 3 to 4 simi-
lar imaging modes, such as monochromatic, green fluo-
rescence overlay, fluorescence only, and gradient overlay 
depending on signal intensity. These devices represent a 
significant advancement from early investigations into lap-
aroscopic infrared imaging dating back to the inception of 
laparoscopic surgery [26]. As camera sensor and imaging 
technology continue to advance, clinical protocols for the 
use of fluorescent agents will likely need to adapt. There 
may also be a role for manufacturers of these fluorescent 
agents to modify the production of injection kits, as propa-
gation of more sensitive imaging systems will likely result 
in less dye being needed in each kit to achieve the same 
degree of visualization. Alternatively, efforts could also be 
made to allow one vial of a fluorescent dye to be used for 
multiple patients to reduce waste and cost.

There are several limitations to this study, namely its 
retrospective single-center design and lack of randomiza-
tion. Older generation camera systems were used for stand-
ard dose cases, which could feasibly impact the qualitative 
assessment performed. Moreover, video reviewers could 
not be blinded to the ICG dose given, as there was a clear 
identifiable difference in operative video quality between 
systems. Further study is necessary to examine the effect 
of various patient factors on biliary visualization using 
this protocol, such as inflammation, body mass index, and 
visceral fat. Validation of low-dose ICG protocols in a 
larger sample of various patient presentations will also be 
necessary to support adoption.

Conclusion

Microdose ICG can be given intraoperatively to provide 
excellent biliary visualization during laparoscopic chol-
ecystectomy, eliminating the historical workflow of pre-
operative ICG administration and increasing flexibility in 
surgical planning.
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