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Abstract
Background The aim is to evaluate safety and efficacy of near infra-red (NIR) indocyanine green (ICG) fluorescence struc-
tural imaging during laparoscopic cholecystectomy (LC) (Group A) and to compare perioperative data, including operative 
time, with a series of patients who underwent LC with routine traditional intraoperative cholangiography (IOC) (Group B).
Methods Forty-four patients with acute or chronic cholecystitis underwent NIR-ICG fluorescent cholangiography during LC. 
ICG was administered intravenously at different time intervals or by direct gallbladder injection during surgery. Fluorescence 
intensity and anatomy identification were scored according to a visual analogue scale between 1 (least accurate) and 5 (most 
accurate). Group B patients (n = 44) were chosen from a prospectively maintained database of patients who underwent LC 
with routine IOC, matched for age, sex, body mass index, and diagnosis with group A patients.
Results No adverse reactions were recorded. In group A, mean time between intravenous administration of ICG and surgery 
was 10.7 ± 8.2 (range 2–52) h. Administered doses ranged from 3.5 to 13.5 mg. Fluorescence was present in all cases, scor-
ing ≥ 3 in 41 patients. Mean operative time was 86.9 ± 36.9 (30–180) min in group A and 117.9 ± 43.4 (40–220) min in group 
B (p = 0.0006). No conversion to open surgery nor bile duct injuries were observed in either group.
Conclusions LC with NIR-ICG fluorescent cholangiography is safe and effective for early recognition of anatomical land-
marks, reducing operative time as compared to LC with IOC, even when residents were the main operator. NIR-ICG fluores-
cent cholangiography was effective in patients with acute cholecystitis and in the obese. Data collection into large registries 
on the results of NIR-ICG fluorescent cholangiography during LC should be encouraged to establish whether this technique 
might set a new safety standard for LC.

Keywords Laparoscopic cholecystectomy · Difficult cholecystectomy · Intraoperative cholangiography (IOC) · Near infra-
red (NIR) fluorescence · Indocyanine green (ICG) · General surgery

Laparoscopic cholecystectomy (LC) is one of the most com-
monly performed procedures in digestive surgery [1], with 

more than one million cholecystectomies being performed 
in the United States per year [2]. In spite of several safety 
measures and recommendations [1, 3–13], the rate of iat-
rogenic bile duct injury (BDI) during LC is still relatively 
high, ranging from 0.2 to 1.5% in individual reports [3, 5–9], 
much higher than initial reports [9, 10], associated with sig-
nificant morbidity and mortality, lower quality of life and 
increased costs, related to additional health care measures, 
loss of work days, and insurance claims [1–4, 12]. The pat-
tern of clinical presentation of BDI due to cholecystectomy 
has changed since the advent of LC, with lesions being more 
proximal, more frequently revealed by bile leakage and sep-
sis, followed by jaundice from bile duct obstruction [13]. 
When vascular injury is associated, the management of BDI 
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may be so complex that it may require an orthotopic liver 
transplantation [14].

Routine intraoperative cholangiography (IOC) has been 
reported to reduce the risk of BDI [3, 7, 8, 12, 14, 15], but 
is performed selectively or rarely in most centers, due to 
increased operative time, need for dedicated radiologic 
instrumentation and manpower, which may not be always 
available, and increased costs [14, 15]. The critical view of 
safety (CVS) technique, introduced in 1995 [16], has been 
widely acclaimed to reduce the BDI rate during LC, but has 
not yet been formally shown to reduce the incidence of BDI, 
most likely because it has not been adopted universally and 
above all, is often poorly performed [17, 18].

One of the reasons why the risk of BDI has not been defi-
nitely eliminated might be the lack of an objective method 
of positive recognition of the biliary anatomy before any 
dissection takes place.

Recently, intraoperative indocyanine green (ICG) fluores-
cence imaging was introduced in minimal access surgery to 
improve the anatomical definition of the extrahepatic biliary 
tree and to provide dynamic real time intraoperative evalu-
ation of biliary anatomy and of its blood supply [19–21]. 
Once injected intravenously, ICG concentrates in the bile 
and becomes fluorescent when illuminated by near infra-red 
(NIR) light thus highlighting the extrahepatic biliary tree. 
NIR-ICG fluorescence imaging during LC has been reported 
to improve the visualization and identification of the biliary 
anatomy, possibly reducing the risk of BDI [19, 22–24].

The aim of this study was to evaluate the safety and effi-
cacy of NIR-ICG fluorescence imaging in defining the bil-
iary anatomy during LC and to compare the perioperative 
data, including the operative time, with a matched series of 
patients who underwent LC with routine traditional IOC.

Materials and methods

This is a prospective study. Institutional review board 
approval and informed consent from all participants were 
obtained. Every patient undergoing LC with NIR-ICG fluo-
rescence imaging signed a specific informed consent form 
for ICG administration prior to surgery, together with the 
informed consent form for data registration in the European-
Fluorescence Imaging-Guided Surgery (EURO-FIGS) reg-
istry [24], in partnership with the European Association for 
Endoscopic Surgery (EAES).

Patients

From April 2016 to October 2018, 44 consecutive patients 
with acute or chronic gallbladder disease scheduled to 
undergo LC with NIR-ICG fluorescence imaging in our sur-
gical department were enrolled in the study. Patients with 

preoperatively suspected choledocholithiasis underwent 
preoperative cholangio-magnetic resonance imaging and, if 
this was positive, IOC prior to laparoscopic management of 
common bile duct stones. These patients formed Group A.

Perioperative results in group A were compared with 
those of a series of 44 patients matched for age, sex, body 
mass index (BMI), and diagnosis, who underwent LC with 
routine traditional IOC (Fig. 1), recorded in our prospec-
tively maintained database (Group B).

Laparoscopic equipment

For group A, the Karl Storz Image 1S D-Light system (Karl 
Storz Endoscope GmbH & C. K., Tuttlingen Germany) 
was employed with a 30° forward oblique vision laparo-
scope. Adjunctive accessory filters (Spectra A) were used 
to improve image resolution and quality. For better fluores-
cence visualization, narrowing of the visual operative field 
was obtained (zooming effect), to focalize the anatomic 
structures of interest and to improve fluorescence imaging 
definition. For group B, the radiologic instrumentation and 
the surgical technique have been previously reported [25].

Indocyanine green

Indocyanine green, 25 mg (Pulsion Medical Systems SE, 
Feldkirchen, Germany) diluted in 10 cc of sterile water, 
was employed for fluorescence imaging in group A. Pre-
medication included intravenous Dexamethasone 40 mg 
and Chlorpheniramine maleate 10 mg administered in 

Fig. 1  Intraoperative cholangiography imaging during laparoscopic 
cholecystectomy
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every case, administered 30 min before ICG injection. In 
elective or delayed emergency cases, ICG was injected 
intravenously before surgery at different time intervals 
prior to the operation, to determine the best administration 
timing for adequate fluorescence. Fluorescence imaging 
was scored according to a visual analogue scale (VAS) 
from 1 to 5 (1 = least accurate, 5 = most accurate), based 
on the imaging quality of the visualized biliary struc-
tures, as perceived by the surgical team, as described in 
the EURO-FIGS registry [24]. In cases where the patient 
was hospitalized on the day of surgery, ICG was injected 
intraoperatively directly inside the gallbladder with a Ver-
ess needle (4 cc of 0.5 mg/ml). The injection site on the 
gallbladder wall was closed with suture material [26]. A 
standard dose of 0.1 mg/kg was employed for intravenous 
administration to avoid the quenching effect, while a total 
dose of 0.2 mg was employed for direct injection inside 
the gallbladder. As recommended by the EURO-FIGS 
registry, dilution, dose and route of administration were 
registered in the prospective database [24]. Visualization 
of the cystic duct (CD), cystic duct-CBD junction (J), 
common bile duct (CBD)/hepatic duct (CHD) was scored 
before and after dissection of the elements of the triangle 
of Calot. ICG was not administered to patients with renal 
and/or liver failure, history of adverse reaction to iodine 
solution, or thyroid disease uncontrolled by medical treat-
ment, who were excluded from the study.

Surgical technique

In both groups, surgery was performed with the patient 
supine using the standard four trocars technique (so called 
“American technique”) with surgeon and cameraman stand-
ing on the left side of the patient [27, 28].

Study design

The following data were recorded: age, gender, BMI, Ameri-
can Society of Anesthesiologists (ASA) classification, diag-
nosis, severity of acute cholecystitis classified according to 
the Tokyo guidelines criteria [29], symptoms (biliary colic, 
pancreatitis, dyspepsia), operative time, intraoperative com-
plications, conversion to open surgery, postoperative compli-
cations graded according to the Clavien–Dindo classification 
[30], BDIs described according to the ATOM classification 
[13], hospital stay, and the operating surgeon.

Biliary colic was defined as: intense pain in the right 
hypochondrium. Pancreatitis was defined as: rise in pancre-
atic enzymes. Dyspepsia was defined as: episodic or persis-
tent symptoms that include abdominal pain or discomfort 
and which are referable to the upper gastrointestinal tract.

Statistical analysis

Data are presented as mean ± standard deviation (SD) for 
continuous variables and percentages for categorical varia-
bles. The Student t test and Fisher’s exact test were employed 
to evaluate the differences between groups. A p value lower 
than 0.05 was considered statistically significant. Statistical 
analyses were carried out with SPSS software 19.0 (SPSS 
Inc., Chicago, Illinois, USA).

Results

Patient characteristics for groups A and B are reported in 
Table 1. No statistically significant demographic differences 
were observed between the two groups.

In group A, ICG was administered intravenously in 42 
of 44 patients, and twice directly into the gallbladder. No 
adverse reactions were recorded. Adequate fluorescence was 
obtained during each procedure and the mean ICG dose that 
was administered was 0.1 ± 0.1 mg/kg (range 0.03–0.15). 
The mean time between intravenous administration of ICG 
and surgery was 10.7 ± 8.2 (range 2–52) h (Fig. 2).

In group A, fluorescence-guided visualization of biliary 
structures was achieved in 100% of cases, with adequate 
fluorescence quality (score ≥ 3) in 38 (of 44) patients before 
dissection, increasing to 41 (of 44) patients after partial dis-
section. Intraoperative findings during NIR-ICG fluores-
cence-guided LC are shown in Table 2. Out of 21 group A 
patients presenting with acute cholecystitis, five underwent 
surgery within 72 h from the onset of symptoms (therapeu-
tic window). In the remaining 16 patients with acute chol-
ecystitis, LC was performed beyond 72 h after the onset of 
symptoms because of delayed patient referral to our unit. 
Intraoperative gallbladder puncture and decompression was 
required in four cases due to gallbladder thickening and 
empyema that made gallbladder grasping and/or manipula-
tion difficult. Accidental rupture of an inflamed gallbladder 
wall occurred in another four patients. A sub-hepatic drain 
was positioned in 31 patients, removed within 24 h. Five 
patients underwent laparoscopic transcystic common bile 
duct exploration during LC, as previously described [27, 
28], due to a diagnosis of choledocholithiasis at preopera-
tive cholangio-magnetic resonance imaging, confirmed by 
intraoperative imaging (IOC) in four. Stone extraction was 
successfully completed in two patients, while no stones were 
found at laparoscopic transcystic choledochoscopy in the 
other three. Completion IOC was carried out to confirm the 
absence of residual stones in these two patients.

Intraoperative bleeding from the liver parenchyma 
occurred in one group A patient with acute cholecystitis 
and dense adhesions, managed laparoscopically by monop-
olar coagulation. This patient developed a postoperative 
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sub-hepatic abscess, treated with antibiotics and by leaving 
the sub-hepatic drain in place for 5 days (Clavien–Dindo 
grade II). Mean hospital stay was 2.2 ± 1.2 (range 1–7) days 
(Table 3). Thirty-day readmission rate was 0% and mortality 
was nil. Whenever satisfactory landmarks were obtained and 
after decision by the tutor, residents performed the opera-
tion in 23 out of 44 group A patients, compared to none in 
group B.

Duration of operative time in group A was 86.9 ± 36.9 
(range 30–180) min versus 117.9 ± 43.4 (40–220) min 
in group B. This difference was statistically significant 
(p = 0.0006). Two postoperative complications were 
observed. One postoperative sub-hepatic abscess (men-
tioned above) treated by antibiotics and prolonged drain-
age and one postoperative mild pancreatitis that resolved 

Table 1  Preoperative patients 
characteristics

Group A: patients who underwent laparoscopic cholecystectomy with near infra-red indocyanine green 
fluorescence imaging. Group B: patients who underwent laparoscopic cholecystectomy with routine intra-
operative cholangiography
M male, F female, SD standard deviation, BMI body mass index, ASA American Society of Anesthesiolo-
gists. Tokio score: according to Tokyo guidelines criteria [29]. TW therapeutic window, means surgery per-
formed within 72 h from the onset of symptoms

Group A
n = 44

Group B
n = 44

p value

Sex ratio, M:F 17:27 20:24 0.6661
Mean age, years ± SD, (range) 52.1 ± 17.2 (20–88) 49.4 ± 13.2 (25–85) 0.4110
Mean BMI, kg/m2 ± SD, (range) 29.7 ± 7.2 (19–52) 30.8 ± 7.2 (20–50) 0.4991
ASA class, n
 I 13 17 0.5003
 II 21 18 0.6681
 III 10 9 1.0000

Acute cholecystitis, n 21 13 0.1248
Tokyo score, n (grade) 8 (I), 13 (II) 7 (I), 6 (II) 0.4836
Treatment in TW, n 5 8 0.5494
Biliary colic, n 24 22 0.8312
Pancreatitis, n 4 6 0.7387
Dyspepsia, n 16 16 1.0000

Fig. 2  Near infra-red indocyanine green (ICG) fluorescence imaging during laparoscopic cholecystectomy. A ICG was administered immedi-
ately prior to surgery. B ICG was administered 52 h before surgery. CD cystic duct, J cystic duct-CBD junction, CBD common bile duct

Table 2  Intraoperative 
findings during near infra-red 
indocyanine green fluorescence-
guided laparoscopic 
cholecystectomy

CD cystic duct, J cystic duct-CBD junction, CBD common bile duct, CHD common hepatic duct

Before dissection After dissection

CD J CBD/CHD CD J CBD/CHD

n (%) 42 (95.4) 35 (79.5) 40 (90.1) 42 (95.4) 43 (97.7) 43 (97.7)
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with medical therapy alone (both Clavien–Dindo grade II). 
Operative results are reported in Table 3.

Discussion

In this case-matched series, the duration of operation was 
statistically significantly shorter in patients undergoing chol-
ecystectomy with NIR-ICG fluorescent cholangiography 
than in patients undergoing cholecystectomy with traditional 
IOC, due to earlier recognition of the anatomical landmarks 
by NIR-ICG fluorescent cholangiography and prolonged 
operative time when using IOC. The number of procedures 
entrusted to and performed by residents (23 out of 44 pro-
cedures) was also statistically significantly higher in group 
A (vs. B) due to greater confidence on the part of the tutors, 
that the essential anatomical landmarks were easy to recog-
nize, allowing the residents to handle the case even in more 
difficult settings such as acute cholecystitis and empyema.

NIR-ICG fluorescent cholangiography imaging of biliary 
structures was achieved in 100% of cases, with adequate 
fluorescence quality (score ≥ 3) in 38 patients before dissec-
tion increasing to 41 of 44 patients after partial dissection. 
The dose of ICG did not affect the outcome: it was never 
necessary to inject more than 0.1 mg/kg of ICG to obtain 
adequate fluorescence imaging.

In the occasional patient when early ICG administration 
was not possible, direct ICG injection inside the gallbladder 
with a Veress needle allowed to obtain good fluorescence in 
one patient with acute cholecystitis while imaging remained 
poor in the other patient with empyema. However, in our 
opinion, ICG intravenous administration is the best option, 
because in case of Veress technique ICG may spread in the 
abdominal cavity affecting the outcomes related to biliary 
tree visualization. Moreover, when a gallstone is impacted 
at the infundibulum, ICG may not reach the common bile 
duct affecting its visualization. Notwithstanding, this proce-
dure may be a good alternative when the patient undergoes 

surgery on the same day of admission, as shown by Graves 
et al. who reported adequate fluorescence in a series of 11 
patients [26].

In our study, shorter duration of operation was partly 
attributed to earlier and better recognition of the anatomical 
structures of the extrahepatic biliary tree as obtained by the 
use of NIR-ICG fluorescent cholangiography. While there 
is no formal evidence that a causal effect is involved, and 
in agreement with others [15, 31], common sense would 
dictate that earlier and better vision could shorten the dura-
tion of operation. This is why the authors of the Falcon ran-
domized trial chose the time necessary to obtain the critical 
view of safety as their main endpoint [20]. That LC could be 
entrusted to and safely performed by residents in 23 out of 
44 patients in some complex cases was obviously a subject 
decision on the part of the senior surgeon, but does lead to 
believe that being sure of the underlying structures may have 
contributed to letting the resident perform the operation, 
similar to the experience of Roy et al. [32]. The improve-
ment in fluorescence imaging that was observed in the latter 
part of the series was due to better selection of the dose and 
timing of ICG administration as well as a better understand-
ing of the importance of the zooming effect, and it may be 
related to a learning curve effect.

As anatomical misinterpretation of extrahepatic bile ducts 
during LC is one of the most widely recognized causes of 
BDI [13, 33, 34], objective and positive identification of the 
biliary anatomy during LC may effectively reduce the risk 
of BDI. The three most widely used techniques to reduce or 
avoid BDI today include IOC, intraoperative ultrasound, and 
obtaining the critical view of safety. All have advantages and 
disadvantages, and NIR-ICG fluorescence cholangiography 
can solve most of the latter.

Our adequate visualization rates of biliary structures with 
NIR-ICG fluorescence cholangiography fall in line with the 
overall results of a 2017 meta-analysis including 19 studies, 
although not all were analyzed for the same parameters and 
methods of NIR imaging with ICG; in particular, dosage and 

Table 3  Operative results

Statistically significant differences are indicated in bold
BDI bile duct injury, SD standard deviation

Group A
n = 44

Group B
n = 44

p value

Mean operative time ± SD, minutes (range) 86.9 ± 36.9
(30–180)

117.9 ± 43.4
(40–220)

0.0006

Intraoperative complications, n 1 0 1.0000
Conversion rate, n 0 0 1.0000
Complications, n
(Clavien–Dindo class)

1
(II)

2
(II)

1.0000

BDI, n 0 0 1.0000
Mean hospital stay ± SD, days (range) 2.2 ± 1.2 (1–7) 2.25 ± 1.2 (1–7) 0.8925
Operating surgeon, senior/resident, n 21/23 44/0 0.0001
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timing of injection varied from one study to another [35]. In 
sum, visualization of the cystic duct (CD) was obtained in 
86.5% (95% CI 71.2–96.6) of patients prior to dissection of 
Calot’s triangle, rising to 96.5% (95% CI 93.9–98.4) after 
dissection. No details were available, however, to define to 
what degree extra dissection was required. Results did not 
differ statistically significantly according to whether the 
patients received a fixed dosage of 2.5 mg (nine studies) or 
according to bodyweight 0.05 mg/kg body weight (6 stud-
ies). The CD seemed to be visualized more frequently with 
ICG (vs. IOC, RR 1.16; 95% CI 1.00–1.35); however, this 
difference was not statistically significant [35]. Conversely, 
the quality of evidence in favor of ICG over IOC for the 
visualization of the CBD and CHD was moderate and low, 
respectively. The authors concluded that NIR imaging with 
ICG had the potential to replace IOC for biliary mapping 
[35]. Our results are similar to those observed by others [23, 
31, 32, 36]. The results of the randomized trial by Dip et al. 
[37] have recently been released. The CD was visualized by 
NIR-ICG twice as often as under white light before dissec-
tion (66.6% vs. 36.2%) (p = < 0.001), but the difference was 
not statistically significantly different after dissection. The 
right hepatic duct, CHD and CBD were visualized by NIR-
ICG (vs. white light), statistically significantly both before 
(9.1% vs. 2.2%, 28.9% vs. 10.9% and 49.4% vs. 20.6%) 
and after (22.1% vs. 6.9%, 52.3% vs. 30.5% and 75.7% vs. 
50.0%) dissection, respectively.

Liberal use of IOC has been reported to reduce the risk 
of BDI [2, 7, 8, 14]. However, intraoperative imaging of 
the biliary tree by IOC is often used selectively because 
it prolongs the operative time, involves radiation exposure, 
and additional resources are required, including the C-arm 
fluoroscope and a technician. Moreover, to perform IOC it 
is necessary to incise what is presumed to be the CD, which 
in itself may be the cause of a lateral injury of the CBD 
(or CHD) in case of mistaken anatomy [29]. Last, only bile 
duct structures in connection with the point of injection, 
and sometimes, only by hyper-pressure [38] are visible with 
IOC, whereas NIR-ICG fluorescent cholangiography lights 
up every single structure with bile in it. In the present study, 
no BDI was observed in either group.

Intraoperative laparoscopic ultrasound (LUS) has also 
been proposed [39, 40] because of its 84% diagnostic 
accuracy before dissection and 90–100% after initial dis-
section [39]. This technique is less invasive (no incision 
on the bile duct required) and cheaper than IOC, can be 
employed by the surgeon without the need for a technician, 
does not expose the patient or surgical team to radiation, and 
it can be repeated during any phase of the surgical proce-
dure. However, LUS has not been widely adopted because 
operator-dependent and requiring a lengthy learning curve 
[40], and the fact that the instrumentation is available only 
in dedicated hepato-biliary centers. Although recommended 

by major surgical societies [29, 41, 42], the CVS technique 
[16] has never been shown formally to decrease the rate of 
BDI in any prospective comparative study [9, 11, 17, 18, 43] 
and the level of evidence proving that it prevents BDI is very 
low, even in the words of its author and advocates [44]. CVS, 
as IOC, require some dissection before the interpretation of 
anatomy, thus an injury to other biliary structures can occur 
during the preliminary stage of the identification procedure. 
Moreover, in case of inflamed gallbladder it may not be pos-
sible to achieve the CVS. In these cases, performing IOC 
or LUS is recommended prior to a fundus-first dissection 
cholecystectomy or a subtotal cholecystectomy or conver-
sion to open surgery [41].

NIR-ICG fluorescent cholangiography may solve most 
of the disadvantages reported above concerning IOC, LUS, 
and CVS as an aid in the correct identification of the bil-
iary anatomy aimed at prevention of BDI during LC [19, 
22, 23]. Little, if any, dissection is required before adequate 
images are obtained. NIR-ICG fluorescent cholangiography 
can be repeated safely without concerns of safety (exposure 
to radiation) and the learning curve is short [15, 19, 31, 32]. 
Although specific equipment is required, it has been shown 
to be cheaper than IOC [15].

There is no widely admitted consensus today on several 
factors that influence the quality of the fluorescence imaging, 
including the dose and timing of ICG injection, and the pres-
ence of thickened tissues from acute disease. With regard to 
the exact dose and concentration of ICG to be administered 
to the patient, many authors employ a dose of 0.1–0.5 mg/
kg body weight [19, 23]. Boni et al. report the administration 
of 5 ml of 0.3–0.4 mg/ml/kg to provide an adequate ICG 
concentration in the bile and good visualization of the biliary 
tree (100% in a series of 52 patients) [19]. The time interval 
between ICG injection and detection of biliary fluorescence 
has also been a subject of debate [22, 26]. More than 95% 
of ICG is captured by hepatocytes within 15 min after intra-
venous injection and then is excreted into the bile. This time 
interval is related to liver function: organs with poor liver 
function (e.g. cirrhosis [45]) take longer to extract ICG from 
the blood to the bile. In our experience, the fluorescence of 
the extrahepatic bile ducts was poor when ICG was admin-
istered immediately prior to surgery because of background 
hepatic fluorescence. Moreover, although the best timing 
for cholecystectomy in patients with acute cholecystitis 
seems to be the therapeutic window within which the risk 
of bile duct injury is minimal [46], many centers still opt for 
deferring surgical treatment after resolution of the acute epi-
sode, which is managed conservatively. Indeed, the Tokyo 
guidelines are not clear on this issue [29]. This policy, how-
ever, requires two admissions with increased costs [47] and 
patients are at risk of recurrent biliary complications during 
the time interval between the two admissions. In accordance 
with others [46, 48, 49], early administration of ICG, 5-7 h 
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before surgery, improved the quality of extrahepatic biliary 
tree visualization, persisting up to 52 h (Table 2, Fig. 2), 
with no imaging impairment from liver parenchyma fluores-
cence. This may also be related to higher biliary concentra-
tion as compared to the initial, mainly hepatocellular, ICG 
concentration. The lowest fluorescence score was observed 
in patients with gallbladder empyema and acute cholecys-
titis. For empyema, reduced ICG fluorescence might have 
been related to elevated cellular concentration in the fluid. 
In acute cholecystitis, fluorescence improved after partial 
dissection of adhesions and of the peritoneum covering the 
gallbladder infundibulum.

Initial reports of the use of NIR-ICG cholangiography 
indicated that imaging was suboptimal in patients with 
inflamed or thickened tissues (acute or chronic cholecysti-
tis) and the obese [23]. However, similar to the experience 
of Boni et al. [48], imaging was adequate (≥ 3) in 16 of 21 
patients with acute cholecystitis or empyema before dissec-
tion, improving to 19 of 21 after minimal dissection, while 
improving from grades 1 to 2 in the two remaining patients.

Another point of concern is the possibility of poorer 
imaging in the obese. Daskalaki et al. reported that comple-
mentary dissection was needed for adequate visualization in 
patients with BMI over 30 kg/m2 (15/22 cases) [23]. Osayi 
et al. [49] reported a comparative analysis of biliary tract 
visualization in a series of 62 patients undergoing both ICG 
administration and IOC. The rate of biliary tree anatomy 
identification was lower in patients with BMI > 35 kg/m2. 
However, CD and CBD identification rates were 95% and 
76.8% in the ICG group versus 65% and 75.6% in the IOC 
group (p = 0.001), respectively. No BDI were observed. 
According to Dip et al., fluorescent cholangiography is 
useful in both the obese and non-obese population: obesity 
does not affect the efficacy of fluorescent cholangiography 
in detection of the biliary structures [50].

According to these preliminary results and our analysis 
of the literature, NIR-ICG fluorescent cholangiography dur-
ing LC is safe and effective, and is associated with a shorter 
duration of operation as compared to LC with IOC. If NIR-
ICG fluorescent cholangiography proves to significantly 
reduce the risk of BDI even in acute conditions, whatever the 
time interval from the beginning of symptoms, as suggested 
by experimental and clinical data [51, 52], this might repre-
sent a new safety standard for LC and could lead to abolish 
the practice of surgical treatment deferral, with cost savings 
and increased safety. As the current rate of BDI is relatively 
low, a randomized controlled trial aimed at demonstrating a 
significant reduction in BDI rate comparing NIR-ICG fluo-
rescent cholangiography with standard LC techniques (i.e., 
with and without IOC), even in a multicenter setting, would 
require enrollment of a huge number of patients in each arm 
[44]. The inherent difficulties in setting up such trial make 
it highly improbable; instead, an international registry (such 

as the EURO-FIGS registry, in partnership with the EAES) 
enrolling a substantial number of patients, although not 
comparative, might provide an alternative, feasible way of 
demonstrating a reduction in BDI rate and therefore provide 
the basis to set up a new safety standard.

Additionally, an extra bolus of intraoperative ICG may be 
administered intravenously to identify the vascular anatomy 
at Calot’s triangle, as reported by Shols et al. [21]. This may 
prove to be of value when the right hepatic artery is also 
located in the Calot’s triangle [53]. Lastly, the implications 
of ICG fluorescence imaging during LC as an educational 
tool for safer resident training should be underscored [32].

The main weaknesses of the present study are the lack 
of an objective and standardized tool for intraoperative 
assessment of fluorescence quality, the small sample size of 
patients in group A, collected in more than two years, and 
the retrospective nature of group B patients.
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