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ABSTRACT 

Background: Laparoscopic cholecystectomy (LC) is a common operation in abdominal 
surgery. Injury to bile duct during LC is still relatively high. The emerging fluorescence-based
intraoperative near-infrared cholangiography by Indocyanine green (ICG) and intraoperative
cholangiogram (IOC) are mainly two intraoperative imaging techniques to delineate extra-
hepatic biliary tree during LC.
Material and Methods: This prospective non randomized clinical study included 50 
consecutive patients underwent elective laparoscopic cholecystectomy with no history of
acute attack nor obstructive jaundice. All patients had been subjected to two different 
cholangiography techniques in the same patient. First, preoperative intravenous injection of
ICG, and secondly, conventional intraoperative cholangiogram for more delineation of extra-
hepatic biliary tree. All cholecystectomies were performed in Theodor Bilharz Research
Institute (TBRI) hospital during the period from November 2021 to August 2022. Patients were
analyzed pre-operative, intra-operative & post-operative.
Results: Females represented almost the included participants (80%), mean age was 40.5
and mean BMI was 31.92. The mean total operative time was 82.5 min. & mean IOC time
was 26.14 min. Visualization of CD, CHJ, CBD and CHD were more obvious by using ICG
intravenously than conventional visual inspection before dissection of Calot’s triangle with
significant statistical difference (P value < 0.001). After dissection of Calot’s triangle, there
is no statistical difference between using ICG and conventional IOC in visualization of extra-
hepatic biliary. No adverse reactions were recorded. No Complications were detected.
Conclusion: Our results suggest that IOC using ICG is a feasible, safe, fast and more 
effective technique than conventional IOC for biliary tract identification before and after 
dissection of Calot’s triangle and may constitute a powerful diagnostic test for delineation of
extrahepatic biliary tract in laparoscopic cholecystectomy.
Key words: laparoscopic cholecystectomy, intraoperative cholangiography, near infrared
fluorescence, indocyanine green

INTRODUCTIONINTRODUCTION

Treatment for symptomatic gallstone disease is regarded as gold standard,

Abbreviations:
LC: Laparoscopic Cholecystectomy;
ICG: Indocyanine green; 
IOC: intraoperative cholangiogram;
TBRI: Theodor Bilharz Research
Institute; 
CD: cystic duct; 
CHJ: cysto-hepatic junction; 
CBD: Common bile duct; 
CHD: Common hepatic duct; 
NIR-C: near-infrared cholangiography; 
NIRF: near-infrared fluorescence. 
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with laparoscopic cholecystectomy. To carry out a treat­
ment safely, surgeons need to be well­versed in the
architecture of the biliary tract (1).

Cholecystectomy using laparoscopy is a common
procedure. Morbidity and death during LC are linked to
biliary injury (2).

One method for intraoperative biliary tree 
visualization is intraoperative X­ray cholangiography.
Nonetheless, there is disagreement on the strength of
intraoperative X­ray cholangiography in preventing 
biliary injury (3). 

To improve LC safety, a plethora of intraoperative
imaging methods and tools have been created. Two 
primary intraoperative imaging approaches are the
classic intraoperative cholangiogram (IOC) and the
newly developed fluorescence­based intraoperative
near­infrared cholangiography (NIR­C) employing 
indocyanine green (ICG) (4).

A serious side effect of laparoscopic cholecystec­
tomy is biliary injury. Since biliary injury is the most
common surgical complication, intraoperative cholan­
giography using indocyanine green (ICG) may help 
prevent biliary injury by enhancing vision of the extra­
hepatic biliary tree throughout the procedure (5).

For effective intraoperative orientation of the
extrahepatic bile ducts, near­infrared fluorescence
(NIRF) cholangiography following an intravenous
administration of indocyanine green (ICG) is a more
straightforward method than traditional laparoscopic
imaging  (6).

Aim of this research was to assess safety, effective­
ness, feasibility and accuracy of intravenous adminis­
tration of indocyanine green versus conventional
intraoperative cholangiography for the best 
delineation of extra­hepatic biliary ducts and proper
identification of biliary tree for prevention of biliary
injury in laparoscopic cholecystectomy.

MATERIAL AND METHODSMATERIAL AND METHODS

Fifty consecutive patients were incorporated in this
prospective non randomized clinical study who under­
went elective laparoscopic cholecystectomy operation.
All patients had been subjected to two different 
cholangiography techniques in the same patient. All
cholecystectomies were performed in TBRI hospital. 

Inclusion criteria

All patients aged from 18 to 65 complaining of a
chronic calcular cholecystitis that were indicated for elec­
tive laparoscopic cholecystectomy and fit for operation.

Exclusion criteria

Patients with acute calcular cholecystitis, obstruc­
tive jaundice or contraindication for laparoscopic 
surgery (for example patients had significant 
pulmonary or cardiac problems or severe renal 
insufficiency). Proven or suspected allergies to iodine,
urografin or ICG. Pregnancy or lactation. Mentally 
disabled patients.

Ethical approval

The research procedure was authorized by the
"Research Ethics Committee" in the TBRI (PT 533) and
the School of Medicine at Cairo University (Code: MD­
129­2020), and each participant was asked to sign an
informed consent document.

Methods

The study included the patients who were admitted
in the surgery department – TBRI hospital during the
period from November 2021 to August 2022.

All patients signed an informed consent for opera­
tion and cholangiography.

Patients were subjected to two different cholangio­
graphy techniques: the first technique: preoperative
intravenous indocyanine green (ICG) injection one hour
before surgery then using near­infrared fluorescence
imaging during the operation. The Second Technique:
was performed by cystic duct cannulation with a
catheter using grasper and injection of the urografin
dye. A mobile X­ray C­arm system is used, and the
monochrome X­ray image is shown on a separate
screen.

Standard laparoscopic cholecystectomy

The supra­umbilical open procedure (Hasson's tech­
nique) was used to achieve pneumoperitoneum. LC
made the four standard tiny incisions in the abdominal
wall to introduce two 5 mm and two 10 mm diameter
operating ports. Through those ports, the surgical
instruments and telescope were inserted into the peri­
toneal cavity. In our study, the extrahepatic biliary tree
was delineated using two cholangiography techniques:
urografin and ICG. We'll go over both strategies in
detail. The supra­umbilical port was observed with a 10
mm telescope. The surgeon used a second 10 mm port,
his right working port, in the epigastric area. A 5 mm
port in the right hypochondrial region served as the 
surgeon's left operating port, while another 5 mm port
in the right lumbar region was employed for the 
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traction of the gallbladder fundus. With the left hand,
retracting Hartmann's pouch, while the right hand per­
formed anterior and posterior dissection in Calot's 
triangle, creating a large window. A critical perspective
on safety is crucial in preventing injuries to right 
hepatic artery or bile duct (fig. 1). To separate the 
gallbladder from its bed, the cystic duct and artery were
cleaned, dissected, controlled with clips, and finally 
severed. The gallbladder was extracted through the 
epigastric port with closure of ports openings.

Visualization of the gall bladder and bile ducts
with Indocyanine Green (ICG) injection

One ICG vial 25 mg powder was diluted in 10 ml of
sterile water so that 1 ml is equivalent to 2.5 mg and
administered to patients one hour before surgery
according to their body weight with a standard dose of
0.1 mg per Kg (2).

A laparoscopic imaging system (KARL STORZ GmbH
& Co. KG, Tuttlingen, Germany) was utilized in each and
every instance. The superior complete high­definition
camera system (IMAGE 1 SPIESTM, KARL STORZ) 
produces the imaging. It is linked to a laparoscope with
a 30° field of view and a 10 mm diameter that is fitted
with a particular filter to enable the best possible 
detection of NIR fluorescence and white light without
the need for manual switching. 

The strong xenon light source (D­LIGHT P SCB, KARL
STORZ) produces light that is both visible and near­
infrared. The surgeon uses a pedal to control the switch
from conventional light to NIR (7).

A professional image enhancement system (IMAGE 1
SPIESTM system, KARL STORZ GmbH & Co. KG,
Tuttlingen, Germany) that enables customizable visuali­
zation modalities that can be chosen in accordance with
surgeon preferences (7) improves visualization in both
standard and NIR light. A critical understanding of 
safety is attained by carefully dissecting the cystic duct

and clearly defining the junction between it and the
CBD using NIR fluorescence light switching in conjunc­
tion with white light  (figs. 2, 3).

The cystic duct and artery were identified and 
dissected, then controlled with clips and cut in order to
remove the gallbladder from its bed. The gallbladder
was removed through the epigastric port. Closures of
ports openings were done.

Visualization of the bile tree using 
conventional urografin cholangiography 
(Figs. 4-9)

Cystic duct distal clipping is done to stop bile from
the gallbladder from flowing backward. Just below the
distal clip, the cystic duct's lumen circumference is cut
in half.  The cholangiogram catheter was inserted into
the cystic duct via the right hypochondrial port. The 
cystic duct was then flushed with saline, and a water­
soluble, diluted contrast material called "Urografin
76%" was injected into the catheter's free end. This
material was free of air bubbles and contained 10 
milliliters of urografin diluted with 10 milliliters of 
normal saline in a 20 milliliter syringe. The X­ray C­arm

Figure 1 - Critical view of safety showing cystic duct, 
cystic artery & CBD.

Figure 2 - Standard vision (white mode). Figure 3 - NIR Fluorescence (ICG mode).
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system was then used to radiographically follow the
contrast wave. The cystic duct should be cut and double
clipped near the entrance.

Throughout the entire procedure, the operating
time was documented. Assessment of the length of
time required for a conventional cholangiography 
technique, taking into account the fact that ICG was
injected prior to the procedure, the extrahepatic biliary
system's delineation, the identification of any CBD
stones, the failure of the IOC, and any intraoperative
complications. An assessment of the difficulties and
hospital stay following surgery. The outcomes were
noted, totaled, and subjected to statistical analysis.

Statistical analysis

To be statistically examined, pre­coded data was
input into the computer using the statistical package of
social science software, version 23 (SPSS). For quantita­
tive variables, mean and standard deviation will be
used to describe the data; for qualitative variables,
number and percent will be used. Data normality is
checked using the Shapiro­test of normality. When
measuring a qualitative variable more than twice, the
Cochrane tests compare the data over time. A pairwise
comparison was done to determine how significant
each pair was. Kappa measure used for agreement of

Figure 4 - Distal clipping of cystic duct. Figure 5 - Cutting half the lumen of cystic duct.

Figure 6 - Insertion of cholangiocatheter. Figure 7 - Intraoperative cholangiogram.

Figure 8 - Double clipping of cystic duct. Figure 9 - Cutting of cystic duct.
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qualitative variables. Cohen recommend the Kappa
result be presumed as follows: values ≤ 0 as denoting
0.01–0.20 and no agreement as slight to none,
0.81–1.00 as almost perfect agreement, 0.61–0.80 as
substantial, 0.41– 0.60 as moderate, 0.21–0.40 as fair,
and P value is considered significant when equal to or
less than 0.05.

RESULTSRESULTS

Total number 50

Sex 40 (80%) females 10 (20%) males

Range Mean ± SD

Age 18-65 y 40.5 ± 11.5

BMI 25-43 31.92 ± 3.94

Table 1 - Age, sex and BMI distribution of studied group 

Range Mean ± SD

Total Bilirubin 0.2-1.1 0.63 ± 0.22

Direct Bilirubin 0.05-0.2 0.13 ± 0.05

AST 9-38 22.24 ± 7.83

ALT 8-44 21.28 ± 8.02

Urea 13-34 25.15 ± 5.64

Creatinine 0.5-1 0.8 ± 0.14

TLC 4.2-11 7.01 ± 1.67

Operative Time 45-180 82.5 ± 35.37

Table 2 - Laboratory findings and operative time of study participants

Range Mean ± SD

Operative Time 45-180 82.5 ± 35.37

Time for IOC 15-45 26.14 ± 8.14

Percentage of IOC time 
from total operative time 17-42 31.09 ± 6.56

IOC: intraoperative cholangiography.

Table 3 - Operative time and time for IOC of study participants

Visual Inspection ICG
(before dissection) (before dissection)

N (%) N (%)

CD - Not visualized 41 (82%) 20 (40%)

CD – Visualized 9 (18%) 30 (60%)

CHJ - Not visualized 42 (84%) 24 (48%)

CHJ – Visualized 8 (16%) 26 (52%)

CBD - Not visualized 32 (64%) 12 (24%)

CBD – Visualized 18 (36%) 38 (76%)

CHD - Not visualized 43 (86%) 23 (46%)

CHD – Visualized 7 (14%) 27 (54%)

Analyzability rate - Not visualized 42 (84%) 24 (48%)

Analyzability rate – Visualized 8 (16%) 26 (52%)
CD: cystic duct, CHJ: cystic-hepatic junction, CHD: common hepatic duct, 
CBD: common bile duct. The “analyzability rate” was defined as the Synchronous
recognition of the cystic duct, common bile duct and cystic-hepatic junction.

Table 4 - Comparison between identification rates of extrahepatic biliary
tree by visual inspection and intraoperative cholangiography using ICG

before dissection
Visual inspection ICG P value

(before dissection) (before dissection)
N (%) N (%)

Cystic duct 9 (18%) 30 (60%) <0.001

Cystic-hepatic junction 8 (16%) 26 (52%) <0.001

Common bile duct 18 (36%) 38 (76%) <0.001

Common hepatic duct 7 (14%) 28 (56%) <0.001

Analyzability rate 8 (16%) 26 (52%) <0.001

Table 5 - Comparison between conventional visual inspection and ICG 
cholangiography before dissection in delineation of extrahepatic biliary tree 

Figure 10 - Visual inspection versus ICG before dissection
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No complications were detected neither intra­
operative (bleeding or iatrogenic biliary injury) nor
post­operative (bleeding, leakage, missed stone or
wound infection) and no conversion to laparotomy. The
hospital stay was one day and the patient discharged to
home with follow up for one month. 

DISCUSSION DISCUSSION 

Conventional X­ray cholangiography is the almost
used method for intraoperative visualization of the
extrahepatic biliary system. Its regular application has
been talked about since before laparoscopic cholecys­
tectomies were invented. One benefit of this approach
is that gallstones within the biliary channels can be seen

Figure 11 - ICG versus conventional ICG after dissection

Table 6 - Comparison between identification rates of extrahepatic biliary
tree by intraoperative cholangiography using ICG and conventional IOC

after dissection

ICG Conventional IOC
(after dissection) (after dissection)

N (%) N (%)

CD - Not visualized 0 (0%) 9 (18%)

CD – Visualized 50 (100%) 41 (82%)

CHJ - Not visualized 7 (14%) 9 (18%)

CHJ – Visualized 43 (86%) 41 (82%)

CBD - Not visualized 3 (6%) 9 (18%)

CBD – Visualized 47 (94%) 41 (82%)

CHD - Not visualized 8 (16%) 9 (18%)

CHD – Visualized 42 (84%) 41 (82%)

Analyzability rate – Not visualized 7 (14%) 9 (18%)

Analyzability rate – Visualized 43 (86%) 41(82%)

Table 7 - Comparison between ICG cholangiography and conventional IOC after dissection in delineation of extrahepatic biliary tree

ICG Conventional IOC P value
(after dissection) (after dissection)

N (%) N (%)

Cystic duct 50 (100%) 41 (82%) 0.341

Cystic-hepatic junction 43 (86%) 41 (82%) 1

Common bile duct 47 (94%) 41 (82%) 0.777

Common hepatic duct 42 (84%) 41 (82%) 1

Analyzability rate 42 (84%) 41 (82%) 1

Table 8 - Comparison between ICG cholangiography before and after dissection in delineation of extrahepatic biliary tree

ICG ICG P value
(Before Dissection) (After Dissection)

N (%) N (%)

Cystic duct 30 (60%) 50 (100%) <0.001

Cystic-hepatic junction 26 (52%) 43 (86%) 0.001

Common bile duct 38 (76%) 47 (94%) 0.138

Common hepatic duct 28 (56%) 42 (84%) 0.005

Analyzability rate 26 (52%) 43 (86%) 0.001
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intraoperatively. The requirement to cannulate and 
dissect the cystic duct before obtaining the initial
cholangiogram is a drawback. Additionally, there is a
chance that the treatment would damage the bile duct,
which could lead to serious consequences. Its use is
also restricted in the event that the cystic duct becomes
blocked (8).

Theoretically, intraoperative cholangiography with
indocyanine green (IOC­ICG) is more successful than
standard IOC, offering all the benefits without any of
the drawbacks. Because dye detection occurs quickly—
within 15 minutes of peripheral venous infusion—and
lasts for several hours—IOC­ICG is a good choice for
laparoscopic cholecystectomies. The method makes it
easier to divide Calot's triangle and permits real­time
bile duct exploration. As of right now, no one has
reported experiencing BDI during IOC­ICG (9).

A novel technique, intraoperative fluorescent
cholangiogram by using indocyanine green (ICG), has
been proposed as a replacement for intraoperative
visualization of the extrahepatic biliary system. This
new technique has proven feasible, faster and safer
than conventional X­ray cholangiography (3).

For this reason, fluorescence cholangiography func­
tions similarly to traditional X­ray cholangiography.
Nonetheless, it has more benefits, including the ability
to clarify the dissection in real time, the avoidance of
radiation, and the fact that the surgeon can complete
the procedure alone without the assistance of other
personnel. While specialized equipment is needed, it
can be readily included into a conventional laparoscopy
tower (9).

Crucially, it has not been demonstrated that fluores­
cence cholangiography with ICG is an accurate method
of identifying common bile duct stones. Consequently,
in situations when common bile duct obstruction is a
concern, it shouldn't take the place of traditional intra­
operative cholangiography (10).

In this prospective study, we report the use of intra­
venous indocyanine green (ICG) injection prior to
laparoscopic cholecystectomy to demarcate extra
hepatic biliary anatomy. We compare the results with
traditional visual inspection prior to dissection around
Calot's triangle and with conventional intraoperative
cholangiography (IOC) following dissection around
Calot's triangle in the same patient.

Quaresima et al. (2) believe that intravenous 
administration of ICG is the optimal approach because
the Veress technique may cause ICG to disseminate
throughout the abdominal cavity, which could impact
the results linked to biliary tree imaging. Furthermore,
ICG may not enter the common bile duct when a 

gallstone impacts at the infundibulum, which affects
the visibility of the gallstone.

There were fifty patients in our study. Eighty percent
of the participants were female, with a mean age of
40.5 ± 11.5 and a mean BMI of 31.92 ± 3.94. Pre­
operative laboratory tests were performed normally.
Every participant's liver and kidneys were operating
normally. Nobody experienced obstructive jaundice or
an acute bout.

The conventional IOC took between 15 and 45 
minutes, while the overall operating time varied from
45 to 180 minutes. This indicates that the conventional
IOC caused a delay in the overall operating time.

Our results are in agreement with Quaresima et al.
(2), who reported that conventional IOC delayed the
total operative time 10 to 40 minutes.

Before dissecting the area around Calot's triangle,
we discovered that ICG dye was successful in identifying
the cystic duct (CD) in 60% of cases, the cystic­hepatic
junction (CHJ) in 52% of cases, the common bile duct
(CBD) in 76% of cases, the common hepatic duct (CHD)
in 54% of cases, and the analyzability rate (i.e., the 
synchronous clarifying of the cystic duct, cystic­hepatic
junction, and common bile duct) in 52% of cases. By
conventional visual inspection, however, the cystic duct
(CD) was visualized in 18% of cases, the cystic­hepatic
junction (CHJ) in 16% of cases, the common bile duct
(CHD) in 14% of cases, and the analyzability rate in 16%
of cases, which is statistically significant. 

The findings of this study are consistent with those
of Prevot et al. (9), who found that by conventional
visual inspection, CD was visualized in 26% of cases, CHJ
in 26% of cases, CBD in 48% of cases, CHD in 9% of
cases, and analyzability rate in 26% of cases. In contrast,
CD was delineated in 61% of cases, CHJ in 48% of 
cases, CBD in 74% of cases, CHD in 13% of cases, and
analyzability rate in 48% of cases.

Furthermore, our findings concur with those of
Quaresima et al. (2), who indicated that CD, CHJ, CHD,
and CBD were statistically different when viewed by ICG
as opposed to eye inspection.

During laparoscopic cholecystectomy, conventional
IOC can be utilized to detect anatomic differences
linked to a risk of biliary injury, diagnose BDI quickly,
and ensure that no undetected CBD stones are present.
Furthermore, regular conventional IOC has been shown
by Flum et al. (11) to be facilitate preventing BDI (12).

It's unknown if traditional IOC is beneficial in 
preventing BDI. Additionally, it was noted that the 
operating surgeon did not identify 45 to 50% of BDIs
that were apparent on an intraoperative cholangiogram
as such (13).
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Only 28% of all BDIs could be diagnosed with 
regular use of conventional IOC, according to Nuzzo et
al. (14,15).

In our study, all 50 patients had IOC using ICG; 
however, only 41 patients received conventional IOC
due to procedural failure for a variety of reasons,
including stone impaction in the CD, extremely thin CD
that needed to be cannulated, or sessile gall bladders
with either no CD or a very short CD.

Following dissection around Calot's triangle, all CD
cases (100%) and all CHJ cases (86%), CBD cases (94%),
CHD cases (84%), and analyzability rate cases (86%),
were delineated by ICG following dissection, whereas
all structures were delineated by appropriate IOC in
82% of instances. 

We found no statistically significant difference
between traditional IOC following dissection and intra­
operative cholangiography employing ICG in our 
investigation.

These findings concur with those of Lehrskov et al.
(3), who found no discernible difference in the extra­
hepatic biliary architecture visualization between the
fluorescence ICG and X­ray cholangiography groups.

These findings also support a research by Dip et al.
(16), which found no statistically significant difference
in the identification of bile structures between IOC
employing X­ray cholangiography and ICG.

Prevot et al. (9) found that the mean analyzability
rate was 74% for IOC utilizing ICG after dissection and
70% for traditional IOC (p=0.03), which is in contrast to
our data.

In our investigation, CD increased from 60% to
100%, CHJ from 52% to 86%, and CHD from 56% to 84%
utilizing ICG before and after dissection of Calot's 
triangle visualization. These increases were statistically
significant. There was no statistically significant increase
in CBD visualization from 76% to 94%.

Iatrogenic biliary injury is the nightmare sequalae
during cholecystectomy. Iatrogenic biliary injury 
incidence is between 0.08 to 0.3% (17,18). That low
rate has to be unconsidered in contrast to increased
incidence of cholecystectomies (19,20).

Our findings concur with those of Quaresima et al.
(2), who found that CD visualization was not statistically
significant, but that CHJ, CHD, and CBD visualization
using ICG before and after Calot's triangle dissection
was.

CONCLUSION CONCLUSION 

Our results suggest that IOC using ICG is a feasible,
safe, fast and more effective technique than conven­

tional IOC for biliary tree visualization before and after
dissection of Calot’s triangle and may constitute a 
powerful diagnostic test for delineation of extrahepatic
bile ducts in laparoscopic cholecystectomy. One 
important consideration is that fluorescent ICG cholan­
giography has not been shown to effectively in 
identifying stones of common bile duct. Therefore, it
should not replace conventional X­ray cholangiography
in cases with concern for common bile duct obstruc­
tion. Lastly, in the presence of inflammatory changes,
the identification of the biliary tract by means of ICG
alone might be limited. In that case, a combined ICG for
identification of the cystic duct followed by conventional
IOC for verification of cystic duct and CBD junction
should be considered.
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