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Abstract

Background: The purpose was to evaluate the efficacy of near-infrared fluorescent cholangiography

(FC) in real-time visualization of the biliary tree during elective laparoscopic cholecystectomy.

Methods: Fifty consecutive elective laparoscopic cholecystectomies were performed with fluorescent

cholangiography. FC was performed at three time points: following exposure of Calot’s triangle, prior to

any dissection; and after partial and complete dissection of Calot’s triangle.

Results: The cystic duct (CD) was identified successfully by FC in 43 of 50 patients (86%) and in 45 of

50 patients (90%) before and after Calot’s dissection respectively (p > 0.05). The common hepatic duct

(CHD) and the common bile duct (CBD) were identified successfully in 12 of 50 patients (24%) and in 33

of 50 patients (66%) before Calot’s dissection respectively and in 26 of 50 patients (52%) and in 47 of 50

patients (94%) after complete Calot’s dissection (p = 0.007 and p = 0.001, respectively). Significant

differences were observed for CBD visualization rate, in relation to BMI after Calot’s dissection (p < 0.05)

and history of cholecystitis, before Calot’s dissection (p = 0.017). No bile duct injuries were reported.

Conclusion: Fluorescent cholangiography can be considered as a useful tool for intra-operative visu-

alization of the biliary tree during laparoscopic cholecystectomies.
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Introduction

Laparoscopic cholecystectomy (LC) is one of the most frequently
performed procedures worldwide in general surgery. Bile duct
injury (BDI) is the most serious complication of LC, with an
incidence of 0.3–0.7% resulting in a significant impact on quality
of life and overall survival.1–3 It has been demonstrated that the
primary cause of BDI is the misinterpretation of biliary anatomy
(71%–97% of all cases).4,5 For many years intra-operative chol-
angiography (IOC) has been advised by many authors as the
technique reduces the risk of BDI.4 However, the procedure
presents some limitations and is often reserved for selected cases.5

One of the latest innovations in minimally invasive technology is
fluorescence image guided-surgery. Fluorescent cholangiography
(FC) is a novel approach, which offers real-time intra-operative
visualization of the biliary anatomy. The first intra-operative use
HPB 2018, 20, 538–545 © 2017 International Hepato-P
of FC in humans was described by Ishizawa et al. in 2009.6 The
method involves the intravenous injection of the dye indocyanine
green (ICG) before surgery. ICG binds to plasma proteins, with
albumin as the principle carrier (95%) and is eliminated exclu-
sively by the liver. The excitation of protein-bound ICG by near-
infrared light causes fluorescence, thereby delineating anatomy of
the biliary system for the surgeon.
This study reports the results of 50 consecutive laparoscopic

elective cholecystectomies with ICG fluorescence at a single
institution. The primary aim was to evaluate the efficacy of near-
infrared fluorescent cholangiography (FC) in real-time visualiza-
tionof the biliary tree during elective laparoscopic cholecystectomy.
The second aim was to analyze the possible factors that could in-
fluence the visualization rates of the biliary structures and to assess
the perceived benefit of the novel technique for training surgeons.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 1 Patients’ characteristics, intra-operative data and post-

operative outcomes

Total number of patients 50

Mean age 55.4 ± 15.3 years-old
(range 24–80)

Male sex 26% (M/F: 13/37)

Mean ASA score ASA II (range I– III)

Mean BMI (kg/m2) 26.8 ± 5.8
(range 17.7–44.0)

- BMI <25 44% (22/50)

- BMI �25 56% (28/50)

Surgical indication

- symptomatic biliary lithiasis 84% (42/50)

- chronic cholecystitis 16% (8/50)

Surgical technique

- French technique 40% (20/50)

- American technique 60% (30/50)

First surgeon

- Senior 50% (25/50)

- Resident 50% (25/50)

Previous MRI-cholangio 20% (10/50)

History of cholecystitis 54% (27/50)

Previous abdominal surgery 24% (12/50)

Mean operative time (minutes) 81 ± 8 min
(range 45–150 min)

Successfully performed fluorescent
cholangiography

100%

Identification of biliary structures before Calot’s dissection

CD 86% (43/50)

CHD 24% (12/50)

CBD 66% (33/50)

Identification of biliary structures after Calot’s dissection

CD 90% (45/50)

CHD 52% (26/50)

CBD 94% (47/50)

Identification biliary anomalies or
anatomical variants

8% (4/50)

Associate fluorescent angiography 12% (6/50)

Conversion rate 8% (4/50)

Bile duct injuries –

Peri-operative complications 8% (4/50)

Mean hospital stay (hours) 43.3 h
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Methods

Fifty consecutive elective laparoscopic cholecystectomies were
performed with FC. All data regarding patients who underwent
LC with fluorescence imaging were collected and entered into a
database. Data included patients’ characteristics, intra-operative
findings and post-operative outcomes. An Institutional Ethical
Committee (ID protocol: 0009285) approved the study as part of
standard care. Inclusion criteria were symptomatic cholelithiasis
or chronic cholecystitis (as documented by abdominal sonog-
raphy or computed tomography) without suspicion of bile duct
stones, patients operable by laparoscopy and who agreed to
study. The main exclusion criteria were the presence of hepatic
failure, a history of bile duct surgery, ongoing pregnancy or
breastfeeding and allergy to ICG. Patients with a history of
cholecystitis and prior abdominal surgery were not excluded. All
the operations were performed by the same team of surgeons,
including training surgeons under direct supervision. During
surgery, the resident was asked to decide whether it was believed
that the “critical view of safety” was established and for the
correct anatomical visualization of biliary structures. Laparo-
scopic cholecystectomy was performed by using both American
and French approaches depending on surgeon’ preferences. All
patients included in the study signed a written informed consent
before surgery.
For intra-operative fluorescent cholangiography, 5 mg ICG

(ICG, Pulsion Medical Inc., Irving, Tx) was administered intra-
venously 20–30 min prior to surgery. An additional dose was
administered if fluorescence degradation was noted intra-
operatively. Near-infrared fluorescent cholangiography (NIRF-C)
was performed by using a D-light P light-source unit (Karl Storz
Endoskope, Tuttlingen, Germany) with the ability to switch be-
tween a xenon and infrared light with the aid of a foot pedal. NIRF-
C was performed at three defined time point during laparoscopic
cholecystectomy: (i) following exposure ofCalot’s triangle, prior to
any dissection; (ii) after partial dissection of Calot’s triangle; (iii)
after complete dissection of Calot’s triangle, according to the
“Critical View of Safety” method. For fluorescent angiography, a
second intra-operative bolus injection of ICG was required with
identification of the cystic artery 20–30 s after the bolus.
A survey concerning the usefulness of the novel technique was

analyzed, by using a Likert scale. At the end of each intervention,
residents were asked five specific questions regarding the
perceived benefit of the device. The survey data were collected
anonymously.
ASA, American Society of Anesthesiologists; BMI, body mass index; CD,
cystic duct; CHD, common hepatic duct; CBD, common bile duct.
Statistical analysis

All collected data were included in a study specific database and
analyzed using the SPSS software (IBM SPSS Statistics for
Windows, version 23.0). Descriptive statistics were used to
characterize the population using proportion and median,
means ± standard deviations (SDs) and range. The two-tailed
HPB 2018, 20, 538–545 © 2017 International Hepato-P
Chi-square test was used for the statistical comparison of pro-
portions. The Chi-square test was used to compare the propor-
tion of successful FC visualization (i.e. visualization rates) of the
biliary tree (cystic duct, CD; common hepatic duct, CHD and the
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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common bile duct, CBD) before and after Calot’s dissection in all
patients. Thus, comparisons of proportion of successful FC
visualization of the biliary tree were performed considering pa-
tients classified by BMI (underweight or normal weight versus
overweight or obese: 25 as cut-off value), age (the median value
as cut-off) and the previous history of cholecystitis. A p-value
<0.05 was considered statistically significant.
Results

FC was performed successfully in all 50 patients undergoing elec-
tive laparoscopic cholecystectomy. Patient characteristics, intra-
operative data and post-operative outcomes results are reported
in Table 1. No allergic reactions to ICG were recorded. Four pa-
tients required conversion to open surgery, severe adhesions in two
and an inability to identify the cystic duct in the other two patients.
Of four (8%) anatomical variants, two comprised an anterior spiral
duct joining the common hepatic duct on the left side, low union
with the CHD and the other, high union with CHD. There were
two instances of intra-operative hemorrhage from the 10-mm
trocar, one gallbladder bed leakage, that was identified by re-
injection of the ICG dye, and one sub-hepatic hematoma that
were treated conservatively. The CD was identified by FC in 43
(86%) and 45 of 50 patients (90%) before and after Calot’s
dissection respectively (Fig. 1). The CHD and the CBD were suc-
cessfully identified in 12 (24%) and 33 patients (66%) before
Calot’s dissection respectively and in 26 (52%) and in 47 patients
(94%) after complete Calot’s dissection respectively (Fig. 1).
The rates of CBD, CHD and CD identification relating to BMI,

age and history of cholecystitis are shown in Table 2. The CBD-
visualization rate, before Calot’s dissection, was increased
significantly in patients without previous cholecystitis compared
to those without.
Figure 1 Identification of biliary tree before and after complete Calot’s d
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Examples of intra-operative real-time FC images are displayed
in Fig. 2 and anatomical variants of CD are demonstrated in
Fig. 3. Concomitant fluorescent angiography was used in six
patients (12%) to detect the cystic artery with good visualization
in all.
All residents agreed strongly with the usefulness of the device

for surgical training and considered that it facilitated Calot’s
dissection; 92% agreed strongly that the method was easy to
perform; in 88% the method was effective in identifying the
biliary tree and in 84% the quality of fluorescence images was
good (Fig. 4).
Discussion

The considerable progress in equipment, technology, intra and
post-operative managements and technique has improved “sur-
gical safety” particularly in biliary surgery. FC is a novel approach
which enables real-time intra-operative visualization of biliary
anatomy. This novel application has growth in surgical practice
and shown promising results. FC has been recognized as having
some advantages over conventional radiographic IOC, such as
feasibility and safety, the lack of a learning curve, reduced X-ray
exposure as well as reduced costs and operative times. The real-
time approach raises the prospect of preventing bile duct injury
that may still be associated with the radiographic IOC approach.
The possibility of safer dissection of Calot’s triangle during
laparoscopic cholecystectomy is highlighted in Table 3. Prior to
the use of fluorescent cholangiography, the authors used intra-
operative cholangiography in selected cases, such as when pre-
operative cholangio-MRI was unclear as regards the presence
of biliary stones. Fluorescent cholangiography presents similar-
ities with cholangiography as regards anatomical visualization of
the biliary tree in prevention of biliary injuries but it is
issection

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 2 CD, CHD and CBD visualization rates, before and after

Calot’s dissection, in relation to BMI (25 as cut-off value), age

(median value 57.5 years as cut-off) and history of cholecystitis

BMI <25 BMI ‡25 p-value

Before Calot’s dissection

CD 19 (86.4%) 24 (85.7%) NS

CHD 5 (22.7%) 7 (25.0%) NS

CBD 15 (68.2%) 18 (64.3%) NS

After Calot’s dissection

CD 19 (86.4%) 26 (92.9%) NS

CHD 11 (50%) 15 (53.6%) NS

CBD 22 (100%) 25 (89.3) p < 0.05

Age <57.5 years
(median value)

Age ‡57.5 years
(median value)

Before Calot’s dissection

CD 23 (92.0%) 20 (80.0%) NS

CHD 5 (20.0%) 7 (28.0%) NS

CBD 20 (80.0%) 13 (52.0%) NS

After Calot’s dissection

CD 24 (96.0%) 21 (84.0%) NS

CHD 12 (48.0%) 14 (56.0%) NS

CBD 24 (96.0%) 23 (52.0%) NS

History of cholecystitis No history of
cholecystitis

Before Calot’s dissection

CD 21 (91.3%) 22 (81.5%) NS

CHD 5 (21.7%) 7 (25.9%) NS

CBD 11 (47.8%) 22 (81.5%) p [ 0.017

After Calot’s dissection

CD 23 (100%) 22 (81.5%) NS

CHD 14 (60.8%) 12 (44.4%) NS

CBD 20 (87.0%) 27 (100%) NS

CD, cystic duct; CHD, common hepatic duct; CBD, common bile duct;
BMI, body mass index; NS, not statistically significant.
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characterized, at the same time, by limitations regarding the
detection of bile duct stones. This preliminary experience at a
single institution confirmed the usefulness of this novel approach
during elective LC. In a recent review,7 the authors emphasized
the sensitivity of fluorescent cholangiography in identifying the
biliary tree during surgery. The rates of detection of extrahepatic
biliary system with this approach ranged from 71.4 to 100% for
CD, 33.3 to -100% for the CHD and 50.0 to -100% for the CBD,
with weighted averages of 96.2%, 78.1% and 72.0% respectively.7

The preliminary results of the current study report similar
detection rates of the biliary structures with higher rates of
visualization after complete dissection of Calot’s triangle for all
extrahepatic biliary ducts. The preliminary Calot’s dissection
represents an important variable resulting in an overall increase
HPB 2018, 20, 538–545 © 2017 International Hepato-P
in the identification of the biliary system.6,8–10 In the current
experience the preliminary dissection of Calot’s triangle repre-
sented the most important factor in increasing visualization
rates, especially for the common hepatic duct and the common
bile duct. The preliminary dissection allowed better visualization
of the biliary system working more safely and to better under-
stand the biliary anatomy. No bile duct injuries were reported.
Some reports have identified the limitations of fatty tissue
accumulation in the Calot’s area in determining the biliary
anatomy.8,9,11,12 In the current experience no significant differ-
ences were observed between the frequency of biliary structure
visualization in relation to BMI and age before Calot’s dissection.
A significant difference was found after Calot’s dissection for the
CBD that was identified successfully in 100% of patients with
BMI <25 compared to 89.3% of patients with BMI �25. How-
ever, for patients without a history of cholecystitis there was a
significant increased in visualization of the CBD by FC before
Calot’s dissection. The seven patients in whom the cystic duct
was not visualized were probably due to dystonia of cystic duct
and gallbladder exclusion with difficulty of ICG flow into the
cystic duct.
CHD visualization rates range from 33.3 to 100%.7 The

explanation for the lower visualization rates of CHD remain
unclear, in comparison to CD and CBD. According to our
experience, we believe that the CHD is not always displayed
because the Calot’s dissection is kept away from porta hepatis
and the presence of fat tissue at this level often alters the correct
visualization of CHD. On the other hand, CBD visualization was
better in comparison to CHD, especially in thinner patients,
because the preliminary dissection at this level during Calot’s
exposure allows us to better display the biliary structure.
When performed FC at three “time points”, the authors we

have emphasized that near-infrared fluorescent cholangiography
can be performed at any time intra-operatively, when the anat-
omy is in doubt. The concept of fluorescence-image guided-
surgery drives the surgeon toward safer dissection and may
reduce the risk of bile duct injury improving the ability of
laparoscopic cholecystectomy to detect biliary anomalies and
anatomical variants.13,14

Previous studies have reported that ICG administration can be
performed over a wide range of time,15–25 without a well-defined
“optimal time”. In our experience, 5 mg ICG was administered
approximately 20–30 min before surgery, after induction of
general anesthesia with good visualization rates of biliary tree. No
allergic reactions to ICG were observed.
Promising results in terms of detection of biliary structures

and overall operative time have also been reported in previous
studies of single-incision laparoscopic cholecystectomy
(SILC),26,27 robotic cholecystectomy (RC),28 single-incision ro-
botic cholecystectomy (SIRC).9,10,28 Buchs et al.9 reported that
FC, for selected patients with a low BMI, could shorten the
operative time during single-incision robotic cholecystectomy;
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 2 Intra-operative real-time identification of biliary structures with visible light (VL) on left and NIRF-C on right. Panel a: cystic duct running

parallel to common bile duct. Panel b: cystic duct-common hepatic duct junction. Panel c: Heister’s spiral valves in cystic duct visualization
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Igami et al.27 considered obesity as the most important factor
that can prevent identification of biliary structures under fluo-
rescent cholangiography during single-incision laparoscopic
cholecystectomy.
Two important results of the current series have to be

emphasized: the importance of preliminary dissection of Calot’s
triangle for the correct fluorescent visualization of the biliary
tree, especially for CHD and CBD and an increasing CBD
visualization rate in relation to BMI (>25), after Calot’s dissec-
tion, and in patients without a history of cholecystitis, before
Calot’s dissection. This latter finding can be clearly explained by
the presence of inflammation and adhesions that could affect
fluorescent visualization of the common bile duct.
Nowadays, the main limitations of this novel technique are

related to the identification of biliary stones and in the setting of
acute cholecystitis. In the literature, there is no evidence that FC
can effectively identify CBD stones. Currently, results do not
support the replacement of standard IOC with FC in such sit-
uations where biliary stones are suspected pre-operatively. Ac-
cording to Daskalaki et al.,11 FC may help to reveal dilation or
gallstones in the CD, but the method cannot exclude the presence
of CBD stones. In the current experience fluorescent cholangi-
ography did not identified stones blocking the cystic duct.
HPB 2018, 20, 538–545 © 2017 International Hepato-P
Regarding patients with acute cholecystitis there are very few
studies that have reported the effective utility of FC in identifying
biliary anatomy during dissection.11,28,29

This technology may also be considered as an important
teaching tool for laparoscopic surgery for training surgeons.30,31 In
a previous paper, Roy et al.32 reported that medical students and
surgery residents were able to identify more accurately the cystic
duct through near-infrared light when compared to xenon light. In
the current experience the novel technique received positive
feedback from surgery residents with a good perceived benefit. It is
noteworthy that the residents considered the novel approach a
useful tool for intra-operative visualization of the biliary tree and
in facilitating Calot’s dissection reducing the risk of biliary injury.
To date, two randomized trials have started. A multicentre

Dutch randomised clinical study33 will assess the potential added
value of the NIRF imaging technique during laparoscopic cho-
lecystectomy compared to conventional LC and a Danish trial34

will compare fluorescence against conventional cholangiog-
raphy. Experimental studies in porcine models have also been
published using fluorescent cholecysto-cholangiography by
direct intra-gallbladder ICG injection in various difficult condi-
tions.35 All these studies explain and confirm the growing in-
terest in the potential value of this novel technique.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 3 Intra-operative real-time identification of anatomical variants of cystic duct. Panel a: low union of CD with CHD with visible light (VL) on

left and NIRF-C on right; Panels b–c: two cases with anterior spiral joining CHD on left side by fluorescent cholangiography

Figure 4 Survey results concerning the perceived benefits of fluorescent cholangiography for training surgeons by using a Likert scale, where

“strongly agree” response was given the highest score (5) and “strongly disagree” response the least score (1)

HPB 2018, 20, 538–545 © 2017 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 3 Advantages and limitations of fluorescent cholangiography

in comparison to standard radiographic cholangiography

Fluorescent cholangiography

Advantages Limitations

Real-time visualization of
biliary tree

Limited in patients with specific clinical
conditions, such as obesity, due to
obstruction of near-infrared light

Safer dissection of Calot’s
triangle

Needs a preliminary exposure of
Calot’s triangle

Feasibility and safety Detection of bile duct stones

Reduced costs Detection of biliary leaks has to be
investigate

Time/Faster Limited data in the setting of acute
cholecystitis

Lack of X-Rays exposure

Simplicity and lack of
learning curve

Possibility to associate
fluorescent angiography
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Conclusion

ICG fluorescent cholangiography can be considered a useful tool
for intra-operative visualization of the biliary tree during elective
laparoscopic cholecystectomy, reducing the risk of bile duct in-
juries. Further studies with larger numbers are needed to assess
the efficacy of NIRF-C in comparison to standard LC and to
evaluate its effectiveness in the setting of acute cholecystitis or in
other difficult clinical situations.
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