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Abstract
Aim To assess the added value of Near InfraRed Fluorescence (NIRF) imaging during laparoscopic cholecystectomy.
Methods This international multicentre randomized controlled trial included participants with an indication for elective 
laparoscopic cholecystectomy. Participants were randomised into a NIRF imaging assisted laparoscopic cholecystectomy 
(NIRF-LC) group and a conventional laparoscopic cholecystectomy (CLC) group. Primary end point was time to ‘Critical 
View of Safety’ (CVS). The follow-up period of this study was 90 postoperative days. An expert panel analysed the video 
recordings after surgery to confirm designated surgical time points.
Results A total of 294 patients were included, of which 143 were randomized in the NIRF-LC and 151 in the CLC group. 
Baseline characteristics were equally distributed. Time to CVS was on average 19 min and 14 s for the NIRF-LC group and 
23 min and 9 s for the CLC group (p 0.032). Time to identification of the CD was 6 min and 47 s and 13 min for NIRF-LC 
and CLC respectively (p < 0.001). Transition of the CD in the gallbladder was identified after an average of 9 min and 39 s 
with NIRF-LC, compared to 18 min and 7 s with CLC (p < 0.001). No difference in postoperative length of hospital stay nor 
occurrence of postoperative complications was found. ICG related complications were limited to one patient who developed 
a rash after injection of ICG.
Conclusion Use of NIRF imaging in laparoscopic cholecystectomy provides earlier identification of relevant extrahepatic 
biliary anatomy: earlier achievement of CVS, cystic duct visualisation and visualisation of both cystic duct and cystic artery 
transition into the gallbladder.

Laparoscopic cholecystectomy (LC) is one of the most com-
monly performed laparoscopic procedures. The most feared 
complication during laparoscopic cholecystectomy is bile 

duct injury. Bile duct injury as a result of laparoscopic chol-
ecystectomy is rare with an incidence of 0.3–0.7% [1–5] but 
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often results in severe morbidity and even mortality, lower 
quality of life and extra costs [6–9].

Misidentification of extra-hepatic bile duct anatomy 
during laparoscopic cholecystectomy is the main cause of 
bile duct injury [10]. Examples of such misidentification 
are mistaking the common bile duct for the cystic duct and 
aberrant hepatic ducts for the cystic duct or cystic artery. 
In order to reduce the risk of bile duct injury, techniques to 
enhance proper identification of the anatomy are needed. 
One of those techniques is the Critical View of Safety 
(CVS) technique which was introduced by Strasberg in 
1995 [11]. The CVS technique is the gold standard nowa-
days to perform a safe cholecystectomy with identification 
of the cystic duct (CD) [13–15]. However, according to a 
study by Nijssen et al. [16], only in 10% of laparoscopic 
cholecystectomies CVS is actually established. A study by 
Gonzales et al. [17] showed that CVS was reached signifi-
cantly more often in elective than in emergency surgeries. 
Nassar et al. found that in 1 out of 6 consecutive laparo-
scopic cholecystectomies, CVS could not be established 
[18]. This could mean that in daily practice it is more dif-
ficult to establish CVS than previously assumed. A prob-
lem in achieving CVS could be a persistent difficulty in 
recognizing the relevant anatomical structures. Additional 
imaging techniques might improve identification of these 
structures.

Near-infrared fluorescence (NIRF) imaging after intra-
venous injection of indocyanine green (ICG) is a promis-
ing technique for easier intraoperative recognition of biliary 
anatomy [19]. By real-time identification of the cystic duct 
and common bile duct, NIRF imaging may improve the out-
come of laparoscopic cholecystectomy [16, 27, 28]. ICG is 
cleared quickly and exclusively by the liver after intravenous 
administration and has a well-known pharmacokinetic and 
safety profile. Neither radiological support nor additional 
intervention such as opening the cystic or common bile duct 
are required, making it an easy, real-time technique to use 
during surgery. Encouraging results derived from early clini-
cal studies suggest routine use of ICG fluorescence laparos-
copy could be warranted [20]. One of the first studies by 
Ishizawa et al. [21] showed that with the use of NIRF and 
ICG, the cystic duct was visible before dissection, which 
was confirmed by Schols et al. [22]. A systematic review by 
Liu et al. confirmed that the technique is a safe and feasi-
ble new way for biliary tract identification in laparoscopic 
cholecystectomy [23]. Experts and early adopters of this 
technique advocate that any gallbladder surgery would profit 
from this imaging, [24] and NIRF should be considered both 
safe and effective [25]. An Asia–Pacific consensus document 
states that “fluorescence cholangiography can help identify 

extrahepatic biliary anatomy” and thereby aid in safe dissec-
tion of critical structures [37]. Another recent study showed 
that routine use of fluorescent cholangiography during lapa-
roscopic cholecystectomy is a cost-effective surgical strategy 
[26].

Despite these earlier promising results, clinical accept-
ance in daily practice requires more high-quality clinical 
data. A first randomized trial has been published in which 
higher detection rates of all essential biliary structures were 
found, when comparing NIRF imaging with conventional 
laparoscopic cholecystectomy [27]. In a previous study, 
our group established the time gained until identification of 
these essential anatomical structures by using NIRF imaging 
[22]. Preferably, an endpoint is chosen that is directly related 
to bile duct injury. This is practically impossible because 
of its low incidence resulting in unrealistic high numbers 
of patients to be included. Therefore, other endpoints have 
to be selected that are related to safety and efficiency of the 
procedure, likely decreasing the chance of bile duct injury. 
We believe gain in time until identification of essential 
structures results in earlier awareness of the exact anatomy, 
contributing to safety of the procedure. Therefore, the pri-
mary objective of the present randomized clinical trial was 
to evaluate whether earlier establishment of Critical View of 
Safety could be obtained using the NIRF imaging technique 
during laparoscopic cholecystectomy.

Methods

The FALCON trial is a multinational randomized con-
trolled clinical trial with 6 participating centres: three in 
The Netherlands and single centres in Italy, Germany and 
the United Kingdom. The study protocol was approved 
by the Institutional Review Board of the Maastricht Uni-
versity Medical Center/Maastricht University (reference 
number METC142049), registered at clinicaltrials.gov 
(NL47718.068.14) and performed according to the declara-
tion of Helsinki [28]. The design of the FALCON trial has 
been published previously [29]. A flow chart of methods 
used is shown in Fig. 1.

Participants

Adult patients [18 years or older] undergoing elective lapa-
roscopic cholecystectomy were invited to participate by their 
surgeon during a regular outpatient visit. Inclusion criteria 
were normal liver and renal function, no hypersensitivity for 
iodine or ICG, able to understand the nature of the study pro-
cedures, willing to participate and provide written informed 
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consent, Physical Status Classification of ASA I/ASA II, 
planned for elective cholecystectomy.

Exclusion criteria were Age < 18 years, liver or renal 
insufficiency, known iodine or ICG hypersensitivity, preg-
nancy or breastfeeding, not being able to understand the 
nature of the study procedure, a Physical Status Classifica-
tion of ASA III or above, and acute surgery for cholecystitis. 
Conversion to open cholecystectomy, before CVS was estab-
lished, was a reason for study withdrawal from time point 
analysis. Patients were included in the study after signing 
informed consent. All participants were randomized in either 
the control group or intervention group. Block randomiza-
tion using blocks of six, with sealed envelopes and stratifi-
cation per participating centre was used. After signing the 
informed consent form, the next sealed envelope in line was 
opened by the coordinating investigator. Blinding of patients 
or surgeons was not possible with this study design.

Intervention

Participants in the intervention group underwent a lapa-
roscopic cholecystectomy following the CVS-technique 
with the use of near-infrared fluorescence cholangiography 
(NIRF-LC). In all cases 3 or 4 trocars were used, depending 
on the preference of the surgeon. To establish CVS, three 
criteria should be met. The hepato-cystic triangle must be 
cleared of fat and fibrous tissue; the lowest one third of the 
gallbladder must be mobilized from the liver; two, and only 
two structures must be seen entering the gallbladder [11, 
12].

A NIRF imaging system (Karl Storz GmbH, Tuttlingen, 
Germany) was used in this procedure. This is a commer-
cially available laparoscopic fluorescence imaging system, 
including a plasma light guide and a 30-degree, 10-mm 

laparoscope applicable for white light, autofluorescence, 
and ICG imaging. The system was used for intraopera-
tive conventional imaging [called the “WL” (white light)-
mode] and near-infrared fluorescence imaging [called 
the “ICG” (Indocyanine green)-mode]. The system was 
equipped with a foot pedal, allowing the surgeon to easily 
switch from WL-mode to ICG-mode, and back. Because of 
the instantaneous changing of images and the stable posi-
tion of the laparoscope, anatomical orientation could be 
maintained. However, direct fluorescence image-overlay 
on the conventional anatomical image was not possible 
with this system. During surgery, the NIRF imaging sys-
tem was switched from white to NIRF light at least every 
5 min until identification of CVS.

To obtain fluorescence imaging of the biliary tract and 
cystic artery a NIRF contrast agent was administered. 
At least 30 min before incision, 2.5 mg of Indocyanine 
Green (ICG) (2.5 mg/ml) (Diagnostic Green, Aschheim, 
Germany) was injected intravenously. A repeat injection 
of 2.5 mg was administered for concomitant arterial and 
biliary fluorescence delineation after achievement of CVS 
in patients included in the Maastricht University Medical 
Center and the Leiden University Medical Center.

The control group underwent a laparoscopic cholecys-
tectomy as in standard care following the CVS-technique 
without the use of intraoperative cholangiography.

Experience of the surgical team

The operation was performed by a surgeon or surgical 
resident. This person is called the first surgeon. The posi-
tion of assistant (second surgeon) in the procedure could 
be taken by a surgical resident or surgeon. At least one 

Fig. 1  Study flow chart LC lapa-
roscopic cholecystectomy, 
NIRF Near infrared fluorescence 
imaging, ICG indocyanine 
green, CVS critical view of 
safety, CD cystic duct, CA cystic 
artery, CBD common bile duct
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member of the team needed to have performed more than 
50 procedures as first surgeon.

Outcome measures

The primary outcome measure was time to identification 
of CVS, measured from the first look at the liver hilum (i.e. 
after first release of organs or adhesions obstructing this 
view). CVS was defined established if the following three 
criteria were met:

1 Mobilization of the gallbladder infundibulum for one-
third of the length of the gallbladder from the liver bed.

2 Circumferential exposure of the cystic duct and confir-
mation of its transition in the gallbladder.

3 Circumferential exposure of the cystic artery and con-
firmation of its transition in the gallbladder.

Secondary outcome measures were Time until identifica-
tion of the cystic duct (CD), Time until identification of the 
common bile duct, Time until identification of the transition 
of the CD into the gallbladder, Time until identification of 
the transition of the cystic artery (CA) into the gallbladder, 
Intraoperative bile leakage from the gallbladder or cystic 
duct, bile duct injury, postoperative length of hospital stay, 
complications due to injected ICG, conversion to open chol-
ecystectomy, 90 days all-cause postoperative complications. 
Also, the presence of signs of cholecystitis were noted and 
the difficulty of the procedure as experienced by the surgical 
team on a scale of 1–5.

Patient follow-up was 90 days postoperatively.

Data management

A Case Report Form was completed intra-operatively. A 
structure was scored as ‘identified’ if its localization was 
confirmed with great certainty by the first surgeon perform-
ing the laparoscopic cholecystectomy. The first surgeon was 
consulted to decide whether the team agreed that CVS was 
established. In accordance with regular care, all laparoscopic 
surgical procedures were digitally recorded. An expert panel, 
consisting of three highly experienced laparoscopic sur-
geons, analysed the data using video recordings: time until 
identification of the cystic duct and of its transition into the 
gallbladder; time until identification of the cystic artery and 
its transition into the gallbladder; when and whether CVS 
was established. All clinical data were prospectively regis-
tered in a database.

Sample size

Sample size calculation was based on pilot data from the 
same research group [22, 30]. In these studies, identification 

of the cystic duct and common bile duct were established 
respectively 11 and 10 min earlier using fluorescence lapa-
roscopic imaging compared to conventional laparoscopic 
imaging. A sample size of 131 for each randomization arm 
was calculated to detect a reduction in ‘time to establish-
ment of CVS’ of at least 5 min with a power of 80% and an 
α of 0.05. Assuming a withdrawal rate of 15% (due to usual 
reasons for drop-out in combination with technical difficul-
ties concerning the video recordings) during the trial, a total 
of 308 (n = 2 × 131 /0.85) would be required.

Statistical analysis

Descriptive statistics were used to summarize characteristics 
of the study population.

The primary outcome measure was time to identification 
of CVS, which was analysed using the independent-samples 
t-test. All numerical secondary outcomes such as time until 
visualization of cystic duct and cystic artery were analysed 
using the independent samples t-test. All categorical second-
ary outcomes such as bile duct injury and conversion to open 
surgery were analysed using a using a Pearson’s Chi-Square 
test. We computed interaction terms to evaluate whether sur-
gical difficulty and BMI would modify the effect of NIRF. 
These analyses were considered exploratory.

To quantify agreement between experts in the panel on 
intra-operative observations, the intra-class correlation coef-
ficient (ICC) was calculated for all measured time-points 
during surgery in a random set of included surgeries. With 
the use of the ICC, values less than 0.5 are indicative of poor 
reliability, values between 0.5 and 0.75 indicate moderate 
reliability, values between 0.75 and 0.9 indicate good reli-
ability, and values greater than 0.9 indicate excellent reli-
ability [31].

Analyses were performed using SPSS Statistics 27 (IBM, 
Armonk, New York, USA). All tests except the ICC were 
two-tailed and the significance level was set at p < 0.05.

Results

Patient characteristics

A total of 294 patients were included in this study between 
January 2016 and September 2019, of which 143 (48.6%) 
were randomized in the NIRF-LC and 151 (51.4%) in the 
CLC group. No patients were lost to follow-up. See also 
the flowchart in Fig. 2. Demographic data are given in 
Table 1. Mean age was 53.1 years in the NIRF-LC group, 
and 53.1 years in the CLC group. 61.3% versus 65.5% of 
patients were female. Average BMI was 27.52 in the NIRF-
LC group and 27.6 in CLC group (p = 0.948). 88.4% of 
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patients were operated for symptomatic cholecystolithi-
asis, with other indications being previous cholecystitis, 
cholangitis or biliary pancreatitis, or polyps. Only patients 

undergoing elective cholecystectomy were included, no 
patients undergoing delayed emergent cholecystectomy or 

Fig. 2  Flow chart of enrolment of patients

Table 1  Demographic data

No significant differences between groups for any variable
Sd standard deviation, LC laparoscopic cholecystectomy

Total NIRF-LC CLC

Age (years) (sd) 53.4 (15.1) 53.8 (14.5) 53.1 (15.6)
Weight (sd) 80.4 (17.4) 80.4 (17.9) 80.5 (16.9)
BMI (sd) 27.5 (5.1) 27.6 (5.1) 27.5 (5.1)
Female (%) 184 (63.4%) 87 (61.3%) 97 (65.5%)
Indication for LC
 Symptomatic cholecystolithiasis 260 (88.4%) 123 (85.9%) 137 (90.7%)
 Post-cholecystitis 16 (5.4%) 9 (6.3%) 7 (4.6%)
 Polyps 8 (2.7%) 4 (2.8%) 4 (2.6%)
 Post-biliary pancreatitis 8 (2.7%) 5 (3.5%) 3 (2.0%)
 Missing data 2 (0.6%) 2 (1.4%) 0
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cholecystectomy after cholecystostomy were included in 
this study.

Surgical team

Characteristics of the experience level of the surgical team 
are presented in Table 2. In the NIRF-LC group, the first sur-
geon was a resident in training in 69.9% of cases, compared 

to 71.5% in the CLC group. The assisting (second) surgeon 
was a resident in 51.7% and 53.3% respectively. The surgery 
was performed by two residents in training in 30.8% of NIRF 
cases and 23.3% of CLC cases. Experience levels did not dif-
fer between both groups. Also, the experience level did not 
have an influence on the outcomes of this study.

Intra‑operative time analysis

Data concerning the intra-operative visualisation of the 
essential structures are presented in Table 3. Time between 
first look at the liver hilum and achievement of CVS was 
on average 19 min and 14 s in the NIRF-LC group, com-
pared to 23 min and 9 s in the CLC group; resulting in 
an average decrease of 3 min and 55 s (p = 0.032). Time 
between first look at the liver hilum and identification of 
the cystic duct was 6 min and 24 s in the NIRF-LC group 
and 13 min in the CLC group; resulting in an average dif-
ference of 6 min and 36 s (p < 0.001). The cystic artery 
was seen 1 min and 53 s earlier, but this difference was 
not statistically significant (p = 0.240). Also, in the group 
of patients who received a second dose of ICG to visual-
ize the cystic artery, the cystic artery was not seen sig-
nificantly earlier (p = 0.726). The time between first look 
at the liver hilum and identification of the transition of 
the cystic duct into the gallbladder was 9 min and 39 s 
and 18 min 7 s respectively for the NIRF-LC and CLC 
groups, resulting in an average difference of 8 min and 
28 s (p < 0.001). The transition of the cystic artery into 
the gallbladder was identified 4 min and 29 s earlier in the 
NIRF-LC group (p = 0.011). NIRF-assisted laparoscopic 
cholecystectomy had a mean surgical time of 65 min and 
47 s, as compared to 69 min and 52 s for conventional 
laparoscopic cholecystectomy.

The expert panel registered the identification of the 
time points, and came to different time points than the 
exact time points noted by the surgeon during surgery. To 

Table 2  Characteristics surgical team

No significant differences between groups for all variables

Total NIRF-LC CLC

Experience 1st surgeon
  < 20 70 (23.8%) 33 (23.1%) 37 (24.7%)
 20–50 64 (21.8%) 30 (21%) 34 (22.7%)
 50–100 63 (21.4%) 29 (20.3%) 34 (22.7%)
  > 100 96 (32.6%) 51 (35.7%) 45 (30%)
 Missing data 1 0 1

Experience 2nd surgeon
  < 20 76 (25.7%) 35(24.6%) 41 (26.8%)
 20–50 25 ((8.5%) 14 (9.8%) 11 (7.2%)
 50–100 30 (10.2%) 14 (9.8%) 16 (10.5%)
  > 100 158 (53.6%) 77 (53.8%) 81 (56.6%)
 Missing / no second 

surgeon
1/4 1/3 0/1

1st surgeon
 Resident 207 (70.6%) 99 (69.2%) 108 (71.5%)
 Attending 86 (29.4%) 44 (30.8%) 42 (27.8%)
 Missing 1 0 1

2nd surgeon
 Resident 155 (52.3%) 74 (51.7%) 81 (53.3%)
 Attending 135 (46.1%) 66 (46.1%) 69 (46%)
 Missing/no second surgeon 0/4 0/3 0/1
 Both surgeons are resident 79 (26.9%) 44 (30.8%) 35 (23.3%)

Table 3  Time-measurements during surgery

a ICC intraclass correlation coefficient. NIRF-LC near infrared fluorescence imaging assisted laparoscopic cholecystectomy. CLC conventional 
laparoscopic cholecystectomy, CVS critical view of safety, CD cystic duct, CA cystic artery

NIRF-LC CLC P-value NIRF-LC experts CLC experts ICC  expertsa

Time between first look at liver 
hilum and CVS

19 min 14 s 23 min 9 s 0.032* 21 min 32 s 23 min 55 s 0.890

Time till identification CD 6 min 24 s 13 min 0.000* 5 min 48 s 11 min 6 s 0.770
Time till identification CA 13 min 56 s 15 min 49 s 0.240 12 min 6 s 10 min 53 s 0.435
Time transition CD-gallbladder 9 min 39 s 18 min 7 s 0.000* 16 min 4 s 21 min 9 s 0.863
Time transition CA-gallbladder 15 min 6 s 19 min 35 s 0.011* 16 min 38 s 21 min 9 s 0.857
Total surgical time 65 min 47 s 69 min 52 s 0.198
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determine whether this difference was relevant, the identi-
fication of the different time-points by the expert panel was 
analysed by calculation of the intraclass correlation coef-
ficient (ICC). The ICC was 0.77, 0.44, 0.86, 0.86 and 0.89 
for identification of the CD, CA, transition of CD into the 
gallbladder, CA into the gallbladder and CVS respectively.

Per‑ and post‑operative outcomes

After the surgeries, each procedure was rated from easy to 
difficult on a scale from one to five. The mean difficulty 
did not differ between the two groups and was 1.9 (sd 
0.83) in NIRF-LC patients and 2.0 (sd 1.05) in CLC cases 
(p = 0.318). No significant effect of difficulty of surgery was 
seen on the usefulness of NIRF to minimizing time until 
CVS (p = 0.267). As shown in Fig. 3, it seemed that in the 
more difficult cases NIRF was of more added value com-
pared to the easy cases, but the current study was not pow-
ered to analyse this outcome. In patients with a higher BMI, 
the added value of NIRF seemed smaller in minimizing the 
time until visualisation of the CVS (p = 0.023).

In four patients, conversion to laparotomy was needed, 
three times in the NIRF-LC and once in the CLC group. 
In one of these patients, conversion to open surgery was 
needed before introduction of the laparoscope because of 
a difficult introduction due to previous surgery. The other 
three cases needed conversion to laparotomy because of 
unclear anatomy due to extensive adhesions after cholecys-
titis. These patients were excluded from further analysis due 
to the exclusion criteria.

In one patient, a possible allergic reaction to ICG was 
seen: the patient had a rash after induction of anaesthesia. 
4 mg of dexamethasone was administered resulting in quick 
disappearance of the rash. As ICG was given 11 min before 

induction of anaesthesia, and dexamethasone was admin-
istered 10 min after induction of anaesthetics (sufentanil, 
propofol, rocuronium), it is not clear whether the rash could 
be related to ICG or the anaesthetics.

In 26 of 294 includes patients, a complication occurred. 
No statistical difference was seen in the complication rate 
and Clavien-Dindo classification of complications [34] 
between the NIRF-LC and CLC groups, as shown in Table 4. 
In both NIRF-LC and CLC group, 5 patients developed a 
wound infection, which could be treated conservatively. 
In three patients, postoperative bile leakage was present. 
All three patients needed re-laparoscopy. In both NIRF-
LC patients with bile leakage, the bile leakage came from 
a duct of Luschka. The leakage in the patient randomized 
in the CLC group resulted from a small leakage from the 
cystic duct which was closed by a suture. In three patients, 
postoperative abdominal pain was a cause for readmission. 
There was spontaneous resolution of this pain during read-
mission. No other cause for the abdominal pain was found. 
A postoperative bleeding occurred in two patients, requiring 
re-laparoscopy. Two patients developed choledocholithiasis 
postoperatively. In these patients, stone extraction by ERCP 
was achieved. In one of these two patients, a conversion 
to open surgery was needed during the initial laparoscopic 
cholecystectomy. One patient developed a pneumothorax 
due to iatrogenic damage caused by insertion of a surgical 
trocar.

Median length of postoperative hospital stay was 1 night 
(range 0–14 sd 1.9) in the NIRF-LC group, and also 1 (range 
0–13 sd 1.9) night in the CLC group (p = 0.055). The post-
operative hospital stay was mainly determined by the course 
of postoperative complications.

Discussion

The primary objective of this international multicentre rand-
omized clinical study was to evaluate whether earlier estab-
lishment of Critical View of Safety (CVS) can be obtained 
using the NIRF imaging technique during laparoscopic chol-
ecystectomy. In the current study, we found a statistically 
faster identification of CVS using NIRF imaging compared 
to conventional white light laparoscopic cholecystectomy. 
The mean difference was almost four minutes between the 
two groups. Also, faster recognition of the cystic duct, tran-
sition of the cystic duct into the gallbladder and transition 
of the cystic artery into the gallbladder were achieved using 
NIRF imaging.

As stated above, the primary endpoint of bile duct injury 
could not be chosen in a trial like this, because of its low 
incidence. The chosen endpoint of time saved to identify 
critical structures is thought to be illustrative of a safe 
and efficient procedure, thereby likely contributing to the 

Fig. 3  Relation between difficulty of surgery and time to CVS No sig-
nificant difference was found between the groups. The current study 
was not powered for this subgroup analysis
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prevention of bile duct injury. Whether using NIRF, the inci-
dence of BDI will indeed decrease, can only be evaluated 
through large registry studies, which is beyond the reach of 
the present study.

The same dilemma of choice of endpoint was recognized 
in a previous RCT on this topic, by Dip et al. [27]. These 
authors chose the detection rate of seven biliary structures 
(cystic duct, right hepatic duct, common hepatic duct, com-
mon bile duct, cystic duct-common bile duct junction, cystic 
duct-gallbladder junction and accessory ducts) before and 
after surgical dissection. Higher detection rates before dis-
section for all seven biliary structures were identified using 
ICG. After dissection, no difference was found in detecting 
the cystic duct and cystic duct-gallbladder-junction between 
NIRF and white light, while the other five structures were 
detected more often with the use of NIRF. Their findings 
are in line with the current study, namely that during laparo-
scopic cholecystectomy, near-infrared fluorescent cholangio-
graphy improves the visualization of extrahepatic bile duct 
anatomy over white light imaging alone [27]. Both RCT’s 
support the use of this imaging technique during laparo-
scopic cholecystectomy.

A second RCT has been published, that included 63 
patients to evaluate whether earlier identification of CVS 
could be obtained using NIRF imaging [32]. No such 
advantage was determined. The small sample size and lack 

of adequate power prohibits a definite conclusion based on 
this trial.

Lehrskov et al. [35] performed a non-inferiority blinded 
RCT in which NIRF imaging using 0.05 mg/kg indocyanine 
green was compared with X-ray cholangiography during 
elective laparoscopic cholecystectomy. Both groups con-
tained 60 patients. No difference was found in visualisa-
tion of the anatomical junction between cystic duct, com-
mon hepatic duct and common bile duct. This confirms the 
non-inferiority of fluorescence cholangiography to X-ray 
cholangiography.

Recently, a RCT was published concerning patients with 
acute cholecystitis [36], comparing laparoscopic cholecys-
tectomy with or without NIRF imaging. In this non-inferi-
ority trial conversion rate was chosen as the primary end-
point and biliary injury and postoperative complications as 
secondary endpoints, among others. The authors found no 
differences in primary and secondary endpoints, concluding 
that routine use of NIRF imaging in these cases is question-
able. Unfortunately, this trial has the limitation to be under-
powered to conclude on biliary injury.

In more difficult operations, a technique to aid in per-
forming the procedure, would be valuable. Data in our study 
suggested that in more difficult cases NIRF was op more 
added value. However, one should realize that our study was 
not powered to analyse the impact of the difficulty level of 

Table 4  (Post) Operative 
outcomes

*ACNES anterior cutaneous nerve entrapment syndrome

NIRF-LC CLC p-value

Difficulty of surgery (scale 1–5) 1.9 2.0 0.653
Intraoperative signs of cholecystitis 30.5% 26.7% 0.222
Conversion to open procedure 3 1 0.285
Length hospital stay (nights, median) 1 (range 0–14) 1 (range 0–13) 0.055
Occurrence of complications 17 (12.8%) 9 (6.4%) 0.126
 Wound infection 5 5
 Bile leakage 2 1
 Abdominal pain 2 1
 Postoperative bleeding 2 0
 Thrombus left lower arm 1 0
 ACNES* 1 0
 Choledocholithiasis 1 1
 Pneumothorax 1 0
 Pneumonia 2 0

Clavien-Dindo Classification 0.409
 Grade I 7 6
 Grade II 4 0
 Grade III a 2 1
 Grade III b 4 2
 Grade IV a 0 0
 Grade IV b 0 0
 Grade V 0 0
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surgery on the beneficial effect of NIRF imaging. This effect 
should be investigated in further future studies.

A relatively large retrospective study concerning 1389 
patients suggests a protective influence of fluorescence chol-
angiography on bile duct injury [38], yet for firm conclu-
sions on this endpoint we need larger, preferably population-
based, series.

In baseline characteristics our study groups did not dif-
fer. Especially indication for surgery, experience of the 
surgical team and BMI of the patients were comparable in 
both groups. In a subgroup analysis, NIRF seemed to be 
less beneficial in patients with a higher BMI. However, this 
should be interpreted with caution as the current study was 
not powered on this outcome. Also, the consequences of this 
outcome for clinical practice are not clear.

In four patients, conversion to open surgery was needed to 
safely perform the procedure. The reason for conversion to 
open surgery was inability to introduce laparoscopic instru-
ments, and unclear anatomy due to extensive adhesions. The 
NIRF technique could not prevent the need for conversion in 
these cases. Bile leakage occurred in three patients, of which 
two randomized in the NIRF-LC group. The cause was a 
duct of Luschka in the two NIRF-LC patients. NIRF imag-
ing had not resulted in its identification during surgery. Both 
videos have been re-evaluated by one of the experts (LS), 
and again no leakage in either NIRF or WL mode could be 
detected during the primary surgery. One point of improve-
ment for future use of NIRF could be continuous application 
of this visualization mode which was not possible with the 
equipment used in the present study.

In patients included in two of the participating centres, 
a second dose of ICG was administered to visualize the 
cystic artery. This did not result in earlier identification of 
the cystic artery. A possible explanation is the background 
fluorescence at the time of administration of a second dose 
of ICG and low sensitivity of the camera system used in 
the trial.

In the present study, visualization of the common bile 
duct was not a secondary endpoint. Dissection of the com-
mon bile duct is not part of the CVS technique, and thus the 
visualization of the common bile duct is not expected to 
happen during all surgeries. Nevertheless, in some cases in 
our study, the CBD could be seen fluorescently lightening 
up even without any specific dissection. This finding should 
be considered as an additional gain of the technique.

Expert panel

The differences between the current study and the previously 
published RCT are not only the endpoints chosen, but in 
the current study the intraoperative data was also analysed 
by an expert panel for internal validation of the assessment 
of the time points chosen. This was deemed valuable as it 

was impossible to blind the intra-operative observers and 
because surgeons from six participating centres performed 
the procedures. As shown, an intraclass correlation coef-
ficient of 0.89, 0.77, 0.86, 0.86 and 0.89 was found for time 
until visualization of CVS, CD, transition of CD in the gall-
bladder, transition of cystic artery into the gallbladder and 
achievement of CVS respectively. All these ICCs are above 
0.75 and thereby indicate good reliability of the data in the 
current study.

Limitations

As mentioned above, a limitation of this study is the primary 
endpoint. The desired endpoint to prove the added value of 
the use of NIRF imaging in laparoscopic cholecystectomy 
would be the occurrence of bile duct injury. As discussed 
before, due to the fact that bile duct injury is a rare event, 
with an occurrence of about 0.4% [1], this is an unrealistic 
endpoint for a RCT. Another limitation is the continuous 
development of equipment for fluorescent imaging. The 
inclusion of this study was between 2016 and 2019. In the 
meantime, the technique has evolved and even better image 
quality is obtained and overlay imaging of NIRF over white 
light is possible. Presumably, this provides an even better 
view of the anatomical structures, likely resulting in an even 
bigger difference between NIRF and conventional imaging. 
A third limitation of this study is that we only included elec-
tive cases for uniformity. A benefit of NIRF imaging has also 
been shown for more difficult, emergency cases [33].

Our study has added evidence-based support for the use 
of near-infrared fluorescence imaging to facilitate anatomi-
cal identification during laparoscopic cholecystectomy.

Conclusion

The use of NIRF imaging using ICG results in earlier identi-
fication of CVS and essential biliary structures during lapa-
roscopic cholecystectomy.

Funding Unrestricted grants were received from EAES and Karl Storz 
for parts of the research projects.

Declarations 

Disclosure There are no personal conflicts of interest of financial ties 
for the authors of this study: Dr. Jacqueline van den Bos, Dr. Rutger 
M. Schols, professor dr Luigi Boni, dr Elisa Cassinotti, professor dr 
Thomas Carus, dr Micha D. Luyer, Professor Dr. Alexander L. Vah-
rmeijer, Dr. Sven J.S.D. Mieog, Dr. Nienke Warnaar, Professor Dr. 
Frederik Berrevoet, Dr. Floyd van de Graaf, Professor Dr. Johan F. 
Lange, Dr. Sander M.J. Van Kuijk, Professor Dr. Nicole D. Bouvy, 
Professor Dr. Laurents P.S. Stassen have no conflicts of interest or 
financial ties to disclose.



4583Surgical Endoscopy (2023) 37:4574–4584 

1 3

References

 1. Nassar AHM, Ng HJ (2022) Risk identification and technical 
modifications reduce the incidence of post-cholecystectomy bile 
leakage: analysis of 5675 laparoscopic cholecystectomies. Lan-
genbecks Arch Surg 407(1):213–223

 2. Flum DR, Dellinger EP, Cheadle A, Chan L, Koepsell T (2003) 
Intraoperative cholangiography and risk of common bile duct 
injury during cholecystectomy. JAMA 289(13):1639–1644

 3. Nuzzo G, Giuliante F, Giovannini I, Ardito F, D’Acapito F, Vel-
lone M et al (2005) Bile duct injury during laparoscopic cholecys-
tectomy: results of an Italian national survey on 56 591 cholecys-
tectomies. Arch Surg 140(10):986–992

 4. Fletcher DR, Hobbs MS, Tan P, Valinsky LJ, Hockey RL, Pikora 
TJ et al (1999) Complications of cholecystectomy: risks of the 
laparoscopic approach and protective effects of operative cholan-
giography: a population-based study. Ann Surg 229(4):449–457

 5. Waage A, Nilsson M (2006) Iatrogenic bile duct injury: a popu-
lation-based study of 152 776 cholecystectomies in the Swedish 
Inpatient Registry. Arch Surg 141(12):1207–1213

 6. Pesce A, Palmucci S, La Greca G, Puleo S (2019) Iatrogenic bile 
duct injury: impact and management challenges. Clin Exp Gas-
troenterol 12:121–128

 7. Booij KA, de Reuver PR, Yap K, van Dieren S, van Delden OM, 
Rauws EA et al (2015) Morbidity and mortality after minor bile 
duct injury following laparoscopic cholecystectomy. Endoscopy 
47(1):40–46

 8. Dolan JP, Diggs BS, Sheppard BC, Hunter JG (2005) Ten-year 
trend in the national volume of bile duct injuries requiring opera-
tive repair. Surg Endosc 19(7):967–973

 9. Boerma D, Rauws EA, Keulemans YC, Bergman JJ, Obertop H, 
Huibregtse K et al (2001) Impaired quality of life 5 years after bile 
duct injury during laparoscopic cholecystectomy: a prospective 
analysis. Ann Surg 234(6):750–757

 10. Way LW, Stewart L, Gantert W, Liu K, Lee CM, Whang K et al 
(2003) Causes and prevention of laparoscopic bile duct injuries: 
analysis of 252 cases from a human factors and cognitive psychol-
ogy perspective. Ann Surg 237(4):460–469

 11. Strasberg SM, Hertl M, Soper NJ (1995) An analysis of the prob-
lem of biliary injury during laparoscopic cholecystectomy. J Am 
Coll Surg 180(1):101–125

 12. Strasberg SM, Brunt LM (2010) Rationale and use of the critical 
view of safety in laparoscopic cholecystectomy. J Am Coll Surg 
211(1):132–138

 13. Conrad C, Wakabayashi G, Asbun HJ, Dallemagne B, Demar-
tines N, Diana M et al (2017) IRCAD recommendation on safe 
laparoscopic cholecystectomy. J Hepatobiliary Pancreat Sci 
24(11):603–615

 14. Wakabayashi G, Iwashita Y, Hibi T, Takada T, Strasberg SM, 
Asbun HJ et al (2018) Tokyo Guidelines 2018: surgical manage-
ment of acute cholecystitis: safe steps in laparoscopic cholecys-
tectomy for acute cholecystitis (with videos). J Hepatobiliary 
Pancreat Sci 25(1):73–86

 15. Sgaramella LI, Gurrado A, Pasculli A, de Angelis N, Memeo R, 
Prete FP et al (2021) The critical view of safety during laparo-
scopic cholecystectomy: strasberg yes or no? An Italian Multicen-
tre study Surg Endosc 35(7):3698–3708

 16. Nijssen MA, Schreinemakers JM, Meyer Z, van der Schelling GP, 
Crolla RM, Rijken AM (2015) Complications after laparoscopic 
cholecystectomy: a video evaluation study of whether the critical 
view of safety was reached. World J Surg 39(7):1798–1803

 17. Gonzalez-Urquijo M, Hinojosa-Gonzalez DE, Rodarte-Shade M, 
Gil-Galindo G, Flores-Villalba E, Rojas-Mendez J (2021) Use of 
the self-reported critical view of safety in laparoscopic cholecys-
tectomy during residency. Surg Endosc 36(5):3110–3115

 18. Nassar AHM, Ng HJ, Wysocki AP, Khan KS, Gil IC (2021) 
Achieving the critical view of safety in the difficult laparoscopic 
cholecystectomy: a prospective study of predictors of failure. Surg 
Endosc 35(11):6039–6047

 19. Pesce A, Piccolo G, Lecchi F, Fabbri N, Diana M, Feo CV (2021) 
Fluorescent cholangiography: an up-to-date overview twelve 
years after the first clinical application. World J Gastroenterol 
27(36):5989–6003

 20. Broderick RC, Lee AM, Cheverie JN, Zhao B, Blitzer RR, 
Patel RJ et al (2021) Fluorescent cholangiography significantly 
improves patient outcomes for laparoscopic cholecystectomy. Surg 
Endosc 35(10):5729–5739

 21. Ishizawa T, Bandai Y, Ijichi M, Kaneko J, Hasegawa K, Kokudo N 
(2010) Fluorescent cholangiography illuminating the biliary tree 
during laparoscopic cholecystectomy. Br J Surg 97(9):1369–1377

 22. Schols RM, Bouvy ND, Masclee AA, van Dam RM, Dejong CH, 
Stassen LP (2013) Fluorescence cholangiography during laparo-
scopic cholecystectomy: a feasibility study on early biliary tract 
delineation. Surg Endosc 27(5):1530–1536

 23. Liu Y, Peng Y, Su S, Fang C, Qin S, Wang X et al (2020) A 
meta-analysis of indocyanine green fluorescence image-guided 
laparoscopic cholecystectomy for benign gallbladder disease. 
Photodiagnosis Photodyn Ther 32:101948

 24. Dip F, Sarotto L, Roy M, Lee A, LoMenzo E, Walsh M et al 
(2020) Incisionless fluorescent cholangiography (IFC): a pilot 
survey of surgeons on procedural familiarity, practices, and per-
ceptions. Surg Endosc 34(2):675–685

 25. Dip F, Boni L, Bouvet M, Carus T, Diana M, Falco J et al (2022) 
Consensus conference statement on the general use of near-infra-
red fluorescence imaging and indocyanine green guided surgery: 
results of a modified delphi study. Ann Surg 275(4):685–691

 26. Reeves JJ, Broderick RC, Lee AM, Blitzer RR, Waterman RS, 
Cheverie JN et al (2021) The price is right: routine fluorescent 
cholangiography during laparoscopic cholecystectomy. Surgery 
171(5):1168–1176

 27. Dip F, LoMenzo E, Sarotto L, Phillips E, Todeschini H, Nahmod 
M, Alle L, Schneider S, Kaja L, Boni L, Ferraina P, Carus T, 
Kokudo N, Ishizawa T, Walsh M, Simpfendorfer C, Mayank 
R, White K, Rosenthal RJ (2019) Randomized trial of near-
infrared incisionless fluorescent cholangiography. Ann Surg 
270(6):992–999. https:// doi. org/ 10. 1097/ SLA. 00000 00000 
003178. (30614881)

 28. World Medical A (2013) World Medical Association Declara-
tion of Helsinki: ethical principles for medical research involving 
human subjects. JAMA 310(20):2191–2194

 29. van den Bos J, Schols RM, Luyer MD, van Dam RM, Vahrmeijer 
AL, Meijerink WJ et al (2016) Near-infrared fluorescence chol-
angiography assisted laparoscopic cholecystectomy versus con-
ventional laparoscopic cholecystectomy (FALCON trial): study 
protocol for a multicentre randomised controlled trial. BMJ Open 
6(8):e011668

 30. Schols RM, Bouvy ND, van Dam RM, Masclee AA, Dejong 
CH, Stassen LP (2013) Combined vascular and biliary fluores-
cence imaging in laparoscopic cholecystectomy. Surg Endosc 
27(12):4511–4517

 31. Koo TK, Li MY (2016) A guideline of selecting and reporting 
intraclass correlation coefficients for reliability research. J Chiropr 
Med 15(2):155–163

 32. Koong JK, Ng GH, Ramayah K, Koh PS, Yoong BK (2021) 
Early identification of the critical view of safety in laparo-
scopic cholecystectomy using indocyanine green fluorescence 
cholangiography: a randomised controlled study. Asian J Surg 
44(3):537–543

 33. Di Maggio F, Hossain N, De Zanna A, Husain D, Bonomo L 
(2020) Near-infrared fluorescence cholangiography can be a 

https://doi.org/10.1097/SLA.0000000000003178
https://doi.org/10.1097/SLA.0000000000003178


4584 Surgical Endoscopy (2023) 37:4574–4584

1 3

useful adjunct during emergency cholecystectomies. Surg Innov 
29(4):526–531

 34. Clavien PA, Barkun J, de Oliveira ML et al (2009) The Clavien-
Dindo classification of surgical complications: five-year experi-
ence. Ann Surg 250:187–196. https:// doi. org/ 10. 1097/ SLA. 0b013 
e3181 b13ca2

 35. Lehrskov LL, Westen M, Larsen SS, Jensen AB, Kristensen BB, 
Bisgaard T (2020) Fluorescence or X-ray cholangiography in elec-
tive laparoscopic cholecystectomy: a randomized clinical trial. Br 
J Surg 107(6):655–661. https:// doi. org/ 10. 1002/ bjs. 11510. (Epub 
2020 Feb 14 PMID: 32057103)

 36. She WH, Cheung TT, Chan MY, Chu KW, Ma KW, Tsang SHY, 
Dai WC, Chan ACY, Lo CM (2022) Routine use of ICG to 
enhance operative safety in emergency laparoscopic cholecystec-
tomy: a randomized controlled trial. Surg Endosc 36(6):4442–
4451. https:// doi. org/ 10. 1007/ s00464- 021- 08795-2. (Epub 2022 
Feb 22 PMID: 35194663)

 37. Wang X, Teh CSC, Ishizawa T, Aoki T, Cavallucci D, Lee SY, 
Panganiban KM, Perini MV, Shah SR, Wang H, Xu Y, Suh KS, 
Kokudo N (2021) Consensus guidelines for the use of fluorescence 

imaging in hepatobiliary surgery. Ann Surg 274(1):97–106. 
https:// doi. org/ 10. 1097/ SLA. 00000 00000 004718. (PMID: 
33351457)

 38. Broderick RC, Lee AM, Cheverie JN, Zhao B, Blitzer RR, Patel 
RJ, Soltero S, Sandler BJ, Jacobsen GR, Doucet JJ, Horgan S 
(2021) Fluorescent cholangiography significantly improves 
patient outcomes for laparoscopic cholecystectomy. Surg Endosc 
35(10):5729–5739. https:// doi. org/ 10. 1007/ s00464- 020- 08045-x. 
(Epub 2020 Oct 14 PMID: 33052527)

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

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1002/bjs.11510
https://doi.org/10.1007/s00464-021-08795-2
https://doi.org/10.1097/SLA.0000000000004718
https://doi.org/10.1007/s00464-020-08045-x

	Near-infrared fluorescence cholangiography assisted laparoscopic cholecystectomy (FALCON): an international multicentre randomized controlled trial
	Abstract
	Aim 
	Methods 
	Results 
	Conclusion 

	Methods
	Participants
	Intervention
	Experience of the surgical team
	Outcome measures
	Data management
	Sample size
	Statistical analysis

	Results
	Patient characteristics
	Surgical team
	Intra-operative time analysis
	Per- and post-operative outcomes

	Discussion
	Expert panel
	Limitations

	Conclusion
	References




