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Introduction

Laparoscopic cholecystectomy (LC) is widely accepted as the
standard of care for cholecystectomy. It is currently the most
commonly performed procedure performed by general sur-
geons in the United States. Bile duct injuries in the era of lapa-
roscopic cholecystectomy range from 0.03% to 0.5% [1-4].
While infrequent, they represent a significant patient and
healthcare burden when these injuries occur. Cost of treating
bile duct injuries can be 4.5 to 26 times the cost of an uncom-
plicated procedure with an average 32-day hospitalization and
significant mortality rate [5].
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Indocyanine green (ICG) dye is a water-soluble dye with spec-
tral absorption at 800 nm. It has been described visualizing the
biliary tree since 2008 [6]. When injected intravenously, ICG binds
plasma proteins before being rapidly metabolized by hepatocytes
and excreted exclusively into the bile; protein-bound ICG fluo-
resces green when illuminated with near-infrared (NIR) light [6—
9]. The excretion of ICG into the biliary tree peaks at 2—4 h after
intravenous injection [10]. Dynamic, real-time NIR light capabil-
ity is built-in to many modern laparoscopic and robotic cameras.
As described elsewhere in this manual, there are also cameras
designed to image ICG in open surgery. These cameras are able to
toggle between white-light and NIR light with the push of a button,
allowing real-time imaging without disrupting surgical workflow,
especially in the case of laparoscopic or robotic surgery (Figs. 4.1,
4.2, and 4.3; video clip attached for video chapter). The technol-
ogy incorporates smoothly into the operation without increased
need for staffing or additional supplies in the operative theater.

Through constant reassessment of the anatomy with NIR
imaging, surgeons may continuously identify the position of criti-
cal biliary structures; these structures are often identifiable prior
to dissection of peritoneal layer of the gallbladder, providing a
safe dissection starting point as well as areas of critical impor-
tance. FC offers the potential detailed anatomical mapping of
extrahepatic biliary structures and can be a useful adjunct to the
critical view of safety [6—14]. FC allows for surgeons to identify
either normal anatomy or anatomic variation prior to dissection

Fig.4.1 Top panel: white-light laparoscopic view of gallbladder during cho-
lecystectomy. Bottom panel: “overlay mode” ICG view of same patient show-
ing cystic duct and common bile duct junction
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Fig.4.2 Top panel: white-light laparoscopic view of gallbladder during cho-
lecystectomy prior to peritoneal dissection. Bottom panel: “gray mode” ICG
view of same image showing cystic duct, common bile duct, and junction

Fig. 4.3 Use of fluorescence cholangiography in robotic surgery. Left panel
is traditional bright light view. Right panel is ICG mode highlighting cystic
duct, CBD, and CD-CBD junction

and during active dissection. In contrast, IOC can be time con-
suming and involves exposure of the patient and ancillary staff to
radiation, with associated increases in cost [15].

Literature Review

Ishizawa et al. described their laparoscopic experience with pre-
operative ICG injection for cholangiography during cholecystec-
tomy, demonstrating a 100% visualization of the cystic duct and
96% visualization of the common hepatic duct prior to any dissec-
tion, which improved to 100% visualization of both structures
with dissection [7]. Several other groups have demonstrated simi-



126 R. C. Broderick et al.

Table 4.1 Fluorescence cholangiography in laparoscopic cholecystectomy
in literature. Reported common bile duct injuries and level of evidence for
each study

First author Total Bile duct | Adverse | Conversions | Level of
(year) patients |injuries | reactions |to open evidence
Ishizawa (2010) | 52 0 0 - v

Boni (2015) 52 0 0 v

Dip (2015) 45 0 0 v
Osayi (2015) 82 0 0 v

van Dam 37 0 0 v
(2015)

Dip (2016) 70 0 0 0 v

Dip (2019) 318 0 0 1 11
Hiwatashi 65 0 0 7 v
(2018)

Broderick 828 0 0 6 I
(2022)

lar findings during laparoscopic cholecystectomy, as well as dur-
ing robotic-assisted laparoscopic cholecystectomy, including in
obese individuals [6-21]. With a growing body of literature, some
surgeons have advocated for FC to become the standard of care in
laparoscopic cholecystectomy in both elective and emergent cho-
lecystectomy.

The highest level evidence confirming fluorescent visualization of
extrahepatic biliary anatomy was shown in two studies. Dip et al. in
2019 published a single-blind randomized controlled trial comparing
FC (n=312) vs LC (n = 318) demonstrating that FC was statistically
superior in identifying extrahepatic biliary structures [13]. Bile duct
injury was zero in FC and two patients in LC; operative times and
other complications were not reported. Lim et al. performed a meta-
analysis of seven studies comparing biliary anatomy visualization
with IOC versus FC. Rates of extrahepatic biliary anatomy identifica-
tion included cystic duct, common bile duct, CD-CBD junction, and
common hepatic duct. FC was safe and effective [14].

Tables 4.1 and 4.2 feature studies evaluating fluorescence chol-
angiography (FC) during cholecystectomy to evaluate common
bile duct injury and operative times. The studies listed are mostly
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Table 4.2 Fluorescence use in laparoscopic cholecystectomy with reported
decreases in operative times

First author Number of | Operative Operative Difference
(year) patients (n) | duration (FC) | duration (LC) | in duration
Ambe (2019) 29 53 54 -1
Bleszynski 108 70 80 -10
(2019)

Quaresima 44 86.9 118 =31.1
(2019)

Yoshiya (2019) |39 129 150 -21
Esposito (2019) | 15 52 69 —-17
Broderick 828 68 99 =31
(2022)

cohort or case series studies. Currently, there are no reported bile
duct injuries for FC in literature.

Broderick et al. performed a clinical review of their institutional
experience with adopting ICG as standard of care. FC with ICG
reduced operative time by 26.47 min per case compared to tradi-
tional LC without IOC (p < 0.0001) [16]. For patients with
BMI > 30 kg/m?, operative duration for ICG vs non-ICG groups was
75.57 vs 104.9 min, respectively (p < 0.0001). ICG required conver-
sion to open at a rate of 1.5%, while non-ICG converted at a rate of
8.5% (p <0.0001). Conversion rate remained significant with multi-
variable analysis (OR 0.212, p = 0.001). Bile leaks (classified as
Strasberg A injuries) were more common in the non-ICG group,
with nine patients in the non-ICG group and two in the ICG group.
One CBDI occurred in the non-ICG group, although this was not
clinically significant. There was no significant difference in 30-day
complication rates between groups [16]. Follow-up of this study and
expansion on the cohort was published in 2022, confirming the
above findings with further reduction in operative times [17].

Osayi et al. reported that significant improvements in patient
outcomes are in decreased operative time and reduced rates of con-
version to open surgery when comparing FC with white-light cho-
lecystectomy. There is also a significant reduction in operative time
when compared to IOC (1.9 = 1.7 min vs 11.8 £ 5.2 min, p < 0.001)
[11]. In this study, IOC was unobtainable in 24.4% of patients,
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while ICG did not visualize biliary structures in 4.9% of patients.
After complete dissection, the rates of visualization of the cystic
duct, common bile duct, and common hepatic duct using ICG were
95.1, 76.8, and 69.5%, respectively, compared to 72.0, 75.6, and
74.3% for I0C. In patients where IOC could not be obtained, FC
successfully identified biliary structures in 80% of the cases. Higher
BMI was not a deterrent to visualization of anatomy with ICG.

Reeves et al. utilized a Markov model to shows that use of ICG
during cholecystectomy is cost-effective and improves quality of
care with $1235 cost reduction per case and 0.09 quality-adjusted
life years (QALY) compared to standard white-light cholecystec-
tomy [22]. These improvements were demonstrated due to a
reduction in operating time of 20 minutes and decreased conver-
sion to open rate from 6.7% to 1.2% in averaged over available
literature [22]. Recommendations in their manuscript are limited
by the nature of the predictive model and should be studied pro-
spectively to verify findings. The manuscript also reviewed all
published reports of FC in literature to determine the parameters
of the predictive model; improvements in operative time and out-
comes were in multiple retrospective studies [16-21].

Best evidence is Level III-IV from these studies as well as
designed controlled trials or cohorts. No randomized trials evalu-
ating conversion to open surgery, operative times, and common
bile duct injuries have been published to date. There is early Level
II evidence showing better visualization of extrahepatic biliary
structures with FC compared to IOC and white light alone.

Advantages of Indocyanine Green Fluorescence
Cholangiography

Fluorescence cholangiography has multiple advantages.
Compared to IOC, FC can save time and operative costs associ-
ated with traditional radiographic IOC with respect to cannula
insertion and contrast injection for biliary imaging [23, 24]. FC is
viewed as quite versatile, as a single preoperative injection allows
the surgeon to obtain fluorescent imaging at any point during the
procedure without the added personnel and equipment needed for
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IOC. The fluorescent images can be viewed from several angles,
in real time with real-time tissue manipulation, to better under-
stand anatomic relationships. In centers for education, it can be a
good adjunct to assist surgical trainees in understanding anatomy
and CVS in real time. Additionally, repeated imaging with repeat
intravenous ICG injections is possible throughout the surgical
procedure to help delineate vascular anatomy. Unlike arguments
around routine versus selective IOC, routine use of ICG is sup-
ported by the above benefits without additional cost, equipment,
or time. Lastly, the use of fluorescence cholangiography is safe
and does not involve radiation exposure; it has been used safely in
patient with traditional iodine allergies (e.g., rash). Each of these
benefits may translate to improved patient outcomes, especially
with respect to decreased operative time, overall cost, and conver-
sion to open surgery. [16, 17, 22]

The most significant improvements in patient outcomes are in
decreased operative time and reduced rates of conversion to open
surgery when comparing FC with white-light cholecystectomy.
There is also a significant reduction in operative time when com-
pared to IOC (1.9 £ 1.7 min vs 11.8 £ 5.2 min, p < 0.001) [11].

The topic of cost always plays an important role in adopting
new technologies or techniques. As described above, comparing
FC to traditional white-light LC (without use of I0C), Reeves
et al. utilized a Markov model to show that use of ICG during cho-
lecystectomy is cost-effective and improves quality of care with
$1235 cost reduction per case and 0.09 quality-adjusted life years
(QALY) compared to standard white-light cholecystectomy [22].
Thus, ICG use can be viewed as a cost-effective surgical strategy
which improves healthcare outcomes and suggests this should be
considered as standard of care for laparoscopic cholecystectomy.

Although current firm recommendations are limited by pub-
lished sample size, early data suggest both reduced operative time
and conversion to open surgery in FC cases for both inflamed and
non-inflamed pathology as well as obese patients. Whether FC
significantly moves the needle on reducing major common bile
duct injury remains to be confirmed with further collation of data
and use in practice, although this will take hundreds of thousands
of cases due to the low rate of CBD injury.



130 R. C. Broderick et al.

Limitations of Indocyanine Green Fluorescence
Cholangiography

Despite the above advantages, FC with ICG has some limitations.
In institutions where there is no NIR camera capability, an up-
front cost for purchasing new equipment would be needed to
implement FC. There would also be the need to protocol pre-op
ordering, reconstitution, and administration of intravenous
ICG. Nurse education is often necessary to relay the importance
of appropriate dose timing and standardize seamlessly into prac-
tice. The cost of ICG alone is inexpensive ($17—-130/bottle), and
the up-front equipment cost can be recouped if reduced operative
time and conversion to open data holds true.

Fluorescence cholangiography cannot visualize deep struc-
tures. While Dip et al. note that there is increased visualization of
CHD, CBD, and cystic duct in FC, the penetration of the NIR
light can still be limited in cases of thick surrounding fat or
inflamed tissue in the porta hepatis. The ability to detect bile duct
stones with fluorescence cholangiography is also questionable.
FC cannot be used as a replacement to IOC in the setting of iden-
tifying and treating choledocholithiasis; however, it can be used
simultaneously with IOC for identifying overall anatomy and safe
cannulation of the cystic duct.

Conclusion

Fluorescence cholangiography with ICG appears to be a promis-
ing technology that is safe and cost-effective and improves patient
outcomes. The ability to visualize biliary anatomy can have a
great benefit to the surgeon and may help prevent complications
in the surgical patient.
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