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Abstract

Objective: Near-infrared fluorescence cholangiography (NIRF-C) can help to identify the bile
duct during laparoscopic cholecystectomy. This retrospective study was performed to investigate
the effect of NIRF-C in laparoscopic cholecystectomy.

Methods: Consecutive patients who underwent NIRF-C-assisted laparoscopic cholecystectomy
(n=34) or conventional laparoscopic cholecystectomy (n=36) were enrolled in this study.
Identification of biliary structures, the operation time, intraoperative blood loss, and postoper-
ative complications were analyzed.

Results: Laparoscopic cholecystectomy was completed in all patients without conversion to
laparotomy. The median operation time and intraoperative blood loss were not significantly
different between the two groups. No intraoperative injuries or postoperative complications
occurred in either group. In the NIRF-C group, the visualization rate of the cystic duct, common
bile duct, and common hepatic duct prior to dissection was 91%, 79%, and 53%, respectively. The
success rate of cholangiography was 100% in the NIRF-C group. NIRF-C was more effective for
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visualizing biliary structures in patients with a BMI of <25 than >25 kg/m?.
Conclusions: NIRF-C is a safe and effective technique that enables real-time identification of the
biliary anatomy during laparoscopic cholecystectomy. NIRF-C helps to improve the efficiency of

dissection.
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Introduction

Laparoscopic cholecystectomy (LC) has
become the gold standard for the treatment
of benign lesions of the gallbladder.' It has
the advantages of effectiveness, minimal
invasion, and rapid recovery; however, it
is also associated with surgical complica-
tions, the most serious of which is bile
duct injury (BDI). The incidence of BDI
has remained steady at 0.4% to 0.7%.”
BDI is a rare but serious complication
that may lead to prolonged hospitalization,
increased health costs, and decreased qual-
ity of life. Among the many causes of intra-
operative BDI, unclear identification of the
bile duct during the procedure accounts for
71% to 97% of cases.” Bile duct identifica-
tion is especially problematic in patients
with inflammatory edema, obesity, and bil-
iary tract variation.

Intraoperative cholangiography can help
surgeons to correctly identify the anatomy
of the bile duct to avoid BDL?
Intraoperative cholangiography is currently
the accepted gold standard method for
intraoperative identification of the biliary
anatomy.’ However, intraoperative cholan-
giography has some drawbacks, such as
being time-consuming, requiring additional
equipment and technicians, risking radia-
tion exposure among staff and patients,®®

and requiring the injection of contrast
material into the bile duct, which may
increase the risk of BDI.

Near-infrared fluorescence cholangiog-
raphy (NIRF-C) is a new technique for
bile duct visualization during LC proce-
dures. It requires preoperative intravenous
injection of indocyanine green (ICG), a
water-soluble dye. After entering the
human blood circulation, ICG binds to
plasma protein and rapidly enters hepato-
cytes; it is finally excreted through the intes-
tine with the bile. Because ICG has no
chemical reaction in vivo, it is excreted in
its original form only through the bile.
However, ICG can emit fluorescence when
combined with protein in bile. When
illuminated with near-infrared light,
protein-bound ICG shows fluorescence at
a wavelength of around 840 nm.” Because
of the weak penetration of 840-nm light, it
is rarely absorbed by water or protein; this
allows the protein-bound ICG to be cap-
tured by the infrared light camera for imag-
ing.!® This property has led to the
increasing use of ICG in clinical medi-
cine.'" ™ In 2009, Ishizawa et al.'"* first
reported the application of ICG fluores-
cence imaging technology in LC. In 2010,
the same authors published the largest
series of patients (52 patients) who under-
went LC with ICG NIRF-C and concluded
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that fluorescent cholangiography can be
used to identify the biliary anatomy in real
time during dissection of Calot’s triangle.'

NIRF-C is noninvasive, efficient, and
safe.”>1%17 In this study, we investigated
the feasibility and safety of NIRF-C in
detecting the anatomy of the biliary tree
during LC.

Materials and methods

Patients

Patients who met the following criteria were
included in this retrospective clinical obser-
vational study: age of >18 years, benign
gallbladder lesions, ability to tolerate lapa-
roscopic surgery, and complete clinical
records. Patients were excluded if they had
one of the following conditions: acute cho-
lecystitis, cholangitis, pregnancy, cirrhosis,
organ dysfunction, conversion to an open
procedure, previous abdominal surgery, or
known allergy to ICG.

Consecutive patients who underwent LC
from January 2018 to January 2020 were
enrolled. The patients were divided into
two groups: the NIRF-C group, in which
NIRF-C was used in LC, and the conven-
tional group, in which conventional LC was
performed.

This study was approved by the medical
ethics committee of the Third Affiliated
Hospital of Sun Yat-sen University
(Guangzhou, China) in January 2020, and
all patients provided written informed con-
sent. We have de-identified all patient
details. The study complied with the
Equator Network guidelines (https://www.
equator-network.orgy/).

Procedures

The patients in the conventional group were
treated as follows. Following anesthesia, a
1.5-cm incision was made under the umbi-
licus, an air needle was inserted to establish

pneumoperitoneum, and the intra-
abdominal air pressure was maintained at
1.3 kPa. A 10-mm trocar was placed in the
subumbilical incision and then inserted into
a conventional laparoscope. A trocar was
also placed under the xiphoid process and
on the right abdominal wall, respectively,
and an ultrasonic knife and grasping for-
ceps were placed through the trocars.
Calot’s triangle was dissected, and the
cystic duct and cystic artery were exposed
and disconnected. The seromuscular layer
of the gallbladder was cut at about 0.5 cm
from the liver margin, and the mesangium
of the gallbladder was cut off with an ultra-
sonic knife or electrocoagulation hook. The
gallbladder was removed.

The patients in the NIRF-C group were
treated as follows. First, all patients
received an intradermal sensitivity test for
ICG. Patients who were not allergic to ICG
were injected with 1 mL of ICG (2.5 mg/
mL) into the elbow vein approximately 30
minutes prior to the laparoscopic proce-
dure. The cholecystectomy techniques
were the same as those in the conventional
group except that near-infrared fluores-
cence was used to observe the structure of
the bile duct before, during, and after dis-
section of Calot’s triangle.

NIRF-C was performed wusing the
PINPOINT system (NOVADAQ,
Mississauga, Ontario, Canada). The core
components of the PINPOINT system
include laparoscopic lighting and video
processing, a high-definition laparoscopic
camera, and a set of high-definition laparo-
scopes. The system can collect and display
high-definition white light and near-
infrared fluorescence images in real time.

Statistical analysis

All statistical analyses were performed with
SAS software version 22.0 (SAS Institute
Inc., Cary, NC, USA). Normally distribut-
ed data are presented as mean =+ standard
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Table |I. Patients’ demographics.

Factors Conventional group (n=36) NIRF-C group (n=34) p value
Sex 0.490
Male 14 (39) 16 (47)
Female 22 (61) 18 (53)
BMI, kg/m? 226+3.2 21.5+25 0.531
Age, years 45.7+£139 50.0+12.7 0.183
Diagnosis 0611
Cholecystolithiasis 23 (64) 25 (75)
Gallbladder polyps 4 (11) 309
Cholecystic adenomyosis 7(19) 309
Cholecystic adenoma 2 (56) 309

Data are presented as n (%) or mean =+ standard deviation.

?Fisher’s exact test.

NIRF-C, near-infrared fluorescence cholangiography; BMI, body mass index.

deviation, and differences between groups
were assessed with a ¢ test. Non-normally
distributed data are presented as median
(lower quartile, upper quartile), and differ-
ences between groups were evaluated with
Wilcoxon’s test. Enumeration data are pre-
sented as proportions. Comparisons
between groups were performed using the
chi-squared test or Fisher’s exact test. A p
value of <0.05 was considered statistically
significant.

Results

Seventy patients were included in this
study. The NIRF-C group comprised
34 patients (18 women, 16 men; mean age,
50.0 £12.7 years; mean body mass index
(BMI), 21.5+2.5 kg/m?), and the conven-
tional group comprised 36 patients
(22 women, 14 men; mean age, 45.7 +13.9
years; mean BMI, 22.6 + 3.2 kg/m?). There
were no significant differences in the
patients’ characteristics between the two
groups (Table 1).

Patients in both groups completed LC
without conversion to laparotomy, and no
procedure-related injury to the common
bile duct (CBD), common hepatic duct
(CHD), or cystic duct occurred. The

operation time was shorter in the NIRF-C
group than in the conventional group, but
the difference was not statistically signifi-
cant. There was no significant difference
in the intraoperative bleeding volume
between the two groups (Table 2).

Prior to dissection, we were able to delin-
eate at least one biliary structure in all
patients in the NIRF-C group with a
100% success rate of cholangiography.
The use of ICG provided stable and clear
images for the operator (Figure 1). The
visualization rates of the cystic duct,
CHD, and CBD were higher in the NIRF-
C group than in the conventional group
(91% vs. 74%, 53% vs. 21%, and 79% vs.
47%, respectively), although the difference
was significant only for the visualization
rates of the CHD and CBD (p<0.05)
(Table 3). We also found that NIRF-C pro-
vided better visualization of biliary struc-
tures in patients with a BMI of <25 than
>25 kg/m> (Table 4), although only the
difference in CBD visualization was
statistically significant (p <0.05). In obese
patients, however, NIRF-C also helped
to identify the extrahepatic biliary struc-
tures by repeated intraoperative fluores-
cence imaging (Figure 2). No drug
allergy or other drug-related complications
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Table 2. Surgical outcomes.

Factors Conventional group (n=36)  NIRF-C group (h=34) p value
Operation time, minutes 71 (58, 93) 67 (57, 84) 0.522
Intraoperative bleeding volume, mL 5 (5, 10) 5(2, 10) 0.802

Data are presented as median (lower quartile, upper quartile).
NIRF-C, near-infrared fluorescence cholangiography.

Figure I. Intraoperative identification of extrahepatic bile ducts with (a) conventional visual mode and
(b) near-infrared fluorescence cholangiography mode.
CD, cystic duct; CHD, common hepatic duct; CBD, common bile duct.

Table 3. Identification rates for extrahepatic bile ducts in CV mode and NIRF-C mode.

CV group (n=34) NIRF-C group (n=34) p value
CD 25 (74) 31 (91) 0.056
CHD 7(21) 18 (53) 0.001
CBD 16 (47) 27 (79) 0.006

Data are presented as n (%).
CV, conventional visual; NIRF-C, near-infrared fluorescence cholangiography; CD, cystic duct; CHD, common hepatic
duct; CBD, common bile duct.

Table 4. Identification rates for extrahepatic bile ducts with near-infrared fluorescence cholangiography in
obese and non-obese patients.

BMI of <25 kg/m? (n=22) BMI of >25 kg/m? (n=12) p value
CcD 21 (95) 10 (83) 0.234
CHD 16 (73) 2 (17) 0.002
CBD 18 (82) 9 (75) 0.677°

Data are presented as n (%).
?Fisher’s exact test.
BMI, body mass index.
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Figure 2. Intraoperative identification of extrahepatic bile ducts with conventional visual mode and near-
infrared fluorescence cholangiography (NIRF-C) mode in obese patients. (a) Before dissection, Calot’s tri-
angle was covered with thick fat (), and NIRF-C failed to visualize the extrahepatic bile ducts. o:
Gallbladder. Left panel: conventional visual mode; right panel: NIRF-C mode. (b) After partial dissection, the
extrahepatic bile ducts began to be visualized (y). Left panel: conventional visual mode; right panel: NIRF-C
mode. (c) After complete dissection, the extrahepatic bile ducts were completely visualized.

CD: cystic duct; CHD: common hepatic duct; CBD: common bile duct. Left panel: conventional visual mode;

right panel: NIRF-C mode.

occurred during the use of ICG. No post-
operative complications such as abdominal
bleeding, cholecystic fistula, abdominal
infection, or wound infection occurred in
either group.

Discussion

This study was performed to determine the
feasibility and safety of NIRF-C in the
identification = of extrahepatic  biliary
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structures in LC. Early recognition of iatro-
genic BDI is of paramount importance.'®
Our results show that NIRF-C is able to
identify at least one extrahepatic bile duct
structure in all cases and is completely safe.
The visualization rates of extrahepatic bili-
ary structures, especially the CHD and
CBD, clearly increased in NIRF-C mode.
No drug allergies were evident during the
use of ICG, and no postoperative compli-
cations occurred.

The key step in LC is the dissection of
Calot’s triangle. This is also the most time-
consuming step, especially in patients with
acute cholecystitis, acute biliary pancreati-
tis, a fibrotic atrophic gallbladder, gall-
stones stuck in Hartmann’s pouch, Mirizzi
syndrome, or an abnormal biliary anatomy.
NIRF-C provides the surgeon with a road
map of the biliary tree in real time and at
any time during dissection of Calot’s trian-
gle," making it possible to perform rapid
dissection of Calot’s triangle without caus-
ing BDI. Dip et al.*® recently conducted a
single-blind, randomized, two-arm trial
comparing the efficacy of NIRF-C
(n=321) versus white light alone (n=318)
during LC. The authors concluded that
NIRF-C was statistically superior to white
light alone in visualizing extrahepatic bili-
ary structures during LC. NIRF-C is also
easy to perform, only requiring preopera-
tive ICG injection without the need for
additional equipment or technicians. All
of these advantages of NIRF-C help to
shorten the operation time. Our study
showed a shorter operative time in the
NIRF-C group than in the conventional
group.

The surgeon’s experience contributes to
the incidence of BDI during LC?' because
inexperienced surgeons often lack a thor-
ough understanding of anatomical relation-
ships, particularly the anatomical variations
under laparoscopy. NIRF-C is a popular
application of fluorescence imaging-guided
surgery (FIGS). The European registry on

FIGS (www.curo-figs.eu) aims to obtain a
snapshot of the current practice of FIGS
and is a valuable tool with which to pro-
mote and monitor FIGS-related education-
al and consensus activities in Europe.*?
NIRF-C allows for visualization of the
bile duct and thus helps young surgeons
to identify the anatomical structure of the
bile duct, reducing the incidence of BDI.
NIRF-C is therefore a very useful tool for
the teaching of LC.

ICG is a nearly non-toxic fluorescent dye
and the only agent approved by the Food
and Drug Administration for use in human
subjects.”> The injected ICG is rapidly
cleared by hepatic metabolism, leaving no
metabolites in the body. The risk of ana-
phylaxis is approximately 0.003% at doses
of >0.5 mg/kg.** The ICG is rapidly excret-
ed via the biliary tract after peripheral
intravenous injection, and bile containing
ICG begins to be excreted in a matter of
minutes and lasts about 6 hours.>> Hence,
ICG has very high safety.>* Lehrskov
et al®® recently conducted a non-
inferiority blinded randomized controlled
trial of patients who underwent either intra-
operative fluorescence cholangiography
(n=60) or X-ray cholangiography (n=60)
during elective LC. The authors concluded
that fluorescence cholangiography was non-
inferior to X-ray cholangiography in visu-
alizing the critical junction during LC. In
the present study, intravenous injection of
ICG 30 minutes before the operation
enabled the surgeon to obtain clear and
stable images of the biliary anatomy in the
NIRF-C group. In addition, there was no
need to perform bile duct puncture during
the whole procedure of NIRF-C, substan-
tially reducing the risk of BDI. Moreover,
NIRF-C requires no X-ray machine, thus
avoiding the risk of radiation injury.
Together, these advantages allow NIRF-C
to improve the level of safety in LC.

A disadvantage of NIRF-C is that its
tissue penetration ability is limited to 5 to
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10 mm. In obese patients, Calot’s triangle is
often covered with a thick layer of fat, lim-
iting the effectiveness of NIRF-C. In this
study, we investigated the relationship
between visualization of the extrahepatic
bile duct and the BMI and found that visu-
alization of biliary structures by NIRF-C
was better in patients with a BMI of <25
than >25 kg/m?, especially for visualization
of the CHD. Importantly, repeated
images of the bile duct structure during dis-
section of Calot’s triangle can be obtained
during  NIRF-C-assisted  procedures.
Hence, NIRF-C is a highly suitable tech-
nique for obese patients.

The association between the timing and
dose of ICG and optimal visualization of
the bile ducts when performing NIRF-C
remains unknown. In most recent studies,
the timing of ICG injection varied from 30
to 60 minutes prior to the start of sur-
gery.**?” Longer times of 2.5 to 24 hours
have also been reported.? Finally, adequate
images of the extrahepatic bile duct were
able to be obtained in all studies. In patients
with normal liver function, 95% of the ICG
is captured by hepatocytes and excreted
into the bile within 15 minutes after injec-
tion.”® For patients with impaired liver
clearance, however, how long this process
will take is uncertain. Therefore, exactly
when ICG should be injected to obtain the
best image of the bile ducts remains
unknown. Another problem is the uncer-
tainty about the dose of ICG injection.
We used a dose of 2.5 mg in the present
study. This dose is based on the current lit-
erature, but the dose that can provide
the best bile duct image is unclear.
Therefore, future studies should focus on
the relationship between the optimal dose
and timing of ICG administration and
bile duct visualization. The present study
had several limitations inherent to retro-
spective studies, and the number of patients
was limited.

Conclusion

NIRF-C is a safe and effective approach in
the performance of LC. It is easy to per-
form and does not require additional equip-
ment or technicians. Hence, it is a highly
safe approach that may help the surgeon
to conduct LC more efficiently. In particu-
lar, NIRF-C is very helpful for patients
with a BMI of <25 kg/m>. For patients
with a BMI of >25 kg/m? NIRF-C
allows surgeons to repeatedly visualize the
bile duct structure during LC.
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