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Abstract

Background Laparoscopic cholecystectomy (LC) is the most common elective abdominal surgery in the USA, with over
750,000 performed annually. Fluorescent cholangiography (FC) using indocyanine green dye (ICG) permits identification
of extrahepatic biliary structures to facilitate dissection without requiring cystic duct cannulation. Achieving the “critical
view of safety” with assistance of ICG cholangiogram may support identification of anatomy, safely reduce conversion to
open procedures, and decrease operative time. We assess the utility of FC with respect to anatomic visualization during LC
and its effects on patient outcomes.

Methods A retrospective review of a prospectively maintained database identified patients undergoing laparoscopic chol-
ecystectomy at a single academic center from 2013 to 2019. Exclusion criteria were primary open and single incision
cholecystectomy. Patient factors included age, sex, BMI, and Charlson Comorbidity Index. Outcomes included operative
time, conversion to open procedure, length of stay (LOS), mortality rate, and 30-day complications. A multivariable logistic
regression was performed to determine independent predictors for open conversion.

Results A total of 1389 patients underwent laparoscopic cholecystectomy. 69.8% were female; mean age 48.6 years (range
15-94), average BMI 29.4 kg/m2 (13.3-55.6). 989 patients (71.2%) underwent LC without fluorescence and 400 (28.8%)
underwent FC with ICG. 30-day mortality detected 2 cases in the non-ICG group and zero with ICG. ICG reduced operative
time by 26.47 min per case (p <0.0001). 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 conversion to open at a rate of 1.5%, while non-ICG con-
verted at a rate of 8.5% (p <0.0001). Conversion rate remained significant with multivariable analysis (OR 0.212, p=0.001).
A total of 19 cases were aborted (1.35%), 8 in the ICG group (1.96%) and 11 in the non-ICG group (1.10%), these cases
were not included in LC totals. Average LOS was 0.69 vs 1.54 days in the ICG compared to non-ICG LCs (p <0.0001),
respectively. Injuries were more common in the non-ICG group, with 9 patients sustaining Strasberg class A injuries in
the non-ICG group and 2 in the ICG group. 1 CBDI occurred in the non-ICG group. There was no significant difference in
30-day complication rates between groups.

Conclusion ICG cholangiography is a non-invasive adjunct to laparoscopic cholecystectomy, leading to improved patient
outcomes with respect to operative times, decreased conversion to open procedures, and shorter length of hospitalization.
Fluorescence cholangiography improves visualization of biliary anatomy, thereby decreasing rate of CBDI, Strasberg A
injuries, and mortality. These findings support ICG as standard of care during laparoscopic cholecystectomy.
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decreased post-operative pain [2—4]. Despite widespread
implementation of the procedure, serious complications
such as common bile duct injury (CBDI) and conversion
to open continue to be ongoing occurrences [3, 5]. Though
infrequent, CBDI is a significant source of patient morbidity
as serious injuries often require at least one surgical repair,
often a complex reconstructive surgery, with variability in
long term outcomes [1]. Furthermore, CBDI has a negative
impact on overall survival and quality of life, even 10 years
after the event [6]. Reported rates of conversion to open
cholecystectomy range from 5 to 20% in the literature. Con-
version is shown to be associated with increased morbidity,
risk of surgical site infections, increased pulmonary compli-
cations, and prolonged LOS [7, 8].

Though sources cite variable rates of CBDI in LC, the
rate is generally acknowledged to be higher in LC as com-
pared to OC. The reported incidence of CBDI during LC
ranges from 0.03% to 2.6%, with significant heterogeneity
across studies [2, 9, 10]. While the initial increase in rate of
CBDI was attributed to the learning curve with the laparo-
scopic approach, CBDI continues to occur at a non-zero rate
despite improved quality of equipment and increased sur-
geon experience with the technique [9, 11, 12]. In response
to increasing complication rates, Strasberg et al. introduced
the Critical View of Safety (CVS) in 1995, as a preventa-
tive measure to decrease the risk of injury to extrahepatic
bile ducts [13]. Literature, however, continues to indicate
the primary cause of CBDI is an error in visual percep-
tion of the anatomy in 71-97% of cases. Factors increasing
the potential for distorted anatomy include obesity, past or
ongoing inflammation, variant ductal anatomy, and limited
surgical experience [10, 14]. The use of intraoperative chol-
angiography (I0C) has been recommended to help prevent
misinterpretation of biliary anatomy, though its routine use
is debated [1, 15, 16].

A recent alternative to routine IOC for anatomic deline-
ation is the use of fluorescent cholangiography (FC). Indo-
cyanine green dye (ICG) is injected via the intravenous
route preoperatively and is excreted exclusively into the bile;
protein-bound ICG fluoresces when illuminated with near-
infrared (NIR) light [15]. FC offers potential detailed ana-
tomical mapping of extrahepatic biliary structures, and may
be a useful adjunct to the CVS. With the platform currently
in use at our institution, the surgeon can switch between
bright light mode and NIR fluoroscopy using a button on
the laparoscopic camera. Through constant reassessment
of the anatomy with NIR imaging, surgeons may continu-
ously identify the position of critical biliary structures. Fur-
thermore, the technology incorporates smoothly into the
operation without increased need for staffing or additional
supplies in the operative theater, beyond the addition of a
NIR-capable laparoscope. In contrast, [OC can be time con-
suming and involves exposure of the patient and ancillary
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staff to radiation, with associated increases in cost [15, 16].
A 2014 study reported that the mean cost of surgery gener-
ated by IOC (U.S. $778.43) was greater than the cost with
FC ($14.10) [16].

No absolute contraindications exist for the administra-
tion of ICG dye, and ICG has been used safely in patients
with documented iodine allergy [16—18]. Risk of an adverse
event with ICG is low. Anaphylactic reaction is reported at a
rate of 0.003%, with an 0.34% overall incidence of adverse
reaction (i.e., hypotension, urticaria), the majority of which
are mild [16, 18]. Our group avoids the use of ICG dye in
patients with a history of anaphylactic reaction to shellfish
or iodine out of an abundance of caution. Anecdotally, we
have not experienced any adverse reactions with the use of
ICG. A potential advantage of ICG cholangiography over
IOC is the ability to delineate biliary anatomy prior to com-
mencing dissection of the triangle of Calot [15]. This study
aims to evaluate the safety, utility, and effectiveness of FC in
identification of biliary anatomy with an analysis of patient
outcomes.

Materials and methods

A retrospective review of a prospectively maintained IRB-
approved database was performed to identify patients under-
going cholecystectomy at two hospitals (Hillcrest and La
Jolla locations) within a single academic institution, from
October 2013 to June 2019. Patient characteristics included
age, sex, BMI, Charlson Comorbidity Index (CCI), and
indication for cholecystectomy. Perioperative data included
elective versus non-elective procedure, operative time (skin
incision to skin closure), intraoperative drain placement,
estimated blood loss (EBL), and requirement for conversion
from a laparoscopic to an open approach. Procedures were
performed at a teaching institution, thus presence or absence
of a surgical resident or fellow during the case was included.
Exclusion criteria were open cholecystectomy, single site
cholecystectomy, transvaginal cholecystectomy, oncologic
resections, and complex biliary reconstructive procedures.
Of note, patients undergoing a concomitant procedure dur-
ing LC (i.e., esophagogastroduodenoscopy, liver biopsy, lap
band removal, etc.) were excluded from the operative time
analysis.

Postsurgical data included 30-day morbidity, rate of
CBD], rate of cystic duct stump leak and biloma, mortality
rate, 30-day readmissions, and 30-day emergency depart-
ment (ED) visits. Further subgroup analysis was performed,
stratifying indication for laparoscopic cholecystectomy into
inflamed versus non-inflamed disease processes of the gall-
bladder. This was based on initial clinical presentation, pre-
operative laboratory tests, and imaging findings, with final
determination of disease grouping based on intraoperative
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findings as documented in operative note. Inflammatory
pathologies included acute cholecystitis, chronic cholecys-
titis, gangrenous/perforated/hemorrhagic cholecystitis,
acalculous cholecystitis, ascending cholangitis, Mirizzi
syndrome, and acute-on-chronic cholecystitis. Non-inflam-
matory disease processes included biliary colic, gallstone
pancreatitis, choledocholithiasis, gallbladder polyp, biliary
dyskinesia, gallbladder mass, adenomyomatosis, porcelain
gallbladder, and cholesterolosis. Final pathology was col-
lected and analyzed; however, only 5% of patients (72/1389)
were found to have a non-inflamed process according to final
pathologic report. Given the fact that technical difficulty
of peri-cholecystic dissection is more pertinent to patient
safety and outcomes, stratification into inflamed versus non-
inflamed disease of the gallbladder was based on intraopera-
tive findings (i.e., evidence of surrounding adhesions and
inflammation).

The use of FC was implemented in April 2014 and has
since, in conjunction with the CVS, become standard of care
during laparoscopic cholecystectomy at one hospital in our
health system. FC is selectively used at other facilities and
this variation in approach to laparoscopic cholecystectomy
within our institution permitted comparison of the procedure
with and without ICG cholangiography. For the remainder
of this paper, bright light laparoscopic cholecystectomy
without ICG will be referred to as LC, while laparoscopic
cholecystectomy using ICG cholangiography will be referred
to as FC.

The routine protocol for ICG administration was for
7.5 mg (3 ml of a 25 mg/10 ml solution) to be adminis-
tered intravenously in the pre-operative holding area at least
45 min prior to surgical intervention. An Indocyanine Green
for Injection, USP (HUB Pharmaceuticals, LLC, Rancho
Cucamonga, CA) 25 mg vial is reconstituted using 10 ml of
sterile water, immediately prior to injection.

Fig. 1 Triangle of Calot prior
to commencing with peritoneal
dissection from two separate
cases viewed using different
NIR platforms A bright light
with 1588 platform B fluores-
cence mode with 1588 platform
C bright light with 1688 plat-
form D fluorescence mode with
1688 platform

Surgical approach

For patients who underwent FC, laparoscopic imaging was
performed using either the Stryker 1588 AIM camera sys-
tem, or the Stryker 1688 AIM 4K platform through a stand-
ard 5 mm or 12-mm umbilical trocar port. Current platforms
permit the capability to switch from bright light to fluores-
cent mode without changing the camera or light cord. FC is
performed throughout the course of the procedure, in par-
ticular at the following time points: prior to peritoneal dis-
section (Fig. 1), during the course of skeletonizing the cystic
duct (Fig. 2), prior to clipping the cystic duct (Fig. 3), after
clipping but prior to transection of the cystic duct (Fig. 4),
post-cystic duct transection (Fig. 5), and immediately after
removal of the gallbladder but prior to closure.

Statistical methods
Descriptive analysis

Descriptive statistics on patient, surgeon, and intraoperative
data were compared for patients with and without use of
FC. Categorical data were presented as count (frequency)
and analyzed with Fisher’s exact test for discrete variables.
Continuous, normally distributed variables were analyzed
using Student’s 7-test.

Multivariable analyses

In order to determine independent predictors for conver-
sion to open, we performed a univariable logistic regres-
sion with clinically relevant predictors, including patient,
surgeon, and intraoperative characteristics. Then, we per-
formed a multivariable logistic regression with inclusion
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Fig. 2 Partial dissection of
Triangle of Calot viewed with
A bright light B fluorescence
mode

Fig.3 Critical view of safety
immediately following transec- J Common bile T0e0
tion of cystic artery, with cystic 3 ! >

duct and common bile duct '
labeled, viewed with A bright
light B fluorescence mode

“. Cystic duct
Ciystic duct

Fig.4 Cystic duct with clips in place after skeletonization viewed with A bright light B fluorescence mode. The common bile duct can be
viewed distinctly on the right side of the images

Fig.5 View of anatomy fol-
lowing cystic duct transection.
Common bile duct can clearly
be seen in the background, via
A bright light B fluorescence
mode

criteria set at p-value < 0.20. A similar subgroup analysis  Jolla, CA). Confidence intervals were set at 95%. All sta-
was also performed for patients with inflammatory indi- tistical tests were 2-sided with p < 0.05 considered to be
cations for LC. All analyses were performed using IBM  statistically significant.

SPSS Statistics (IBM Corporation, Version 25, Armonk,

NY) and Prism 8 (GraphPad Prism, Version 8.4.0, La
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Results
Patient characteristics

A total of 1461 patients were identified. 1389 met inclu-
sion criteria for the study, and underwent laparoscopic
cholecystectomy. 989 (71.2%) patients underwent stand-
ard bright light LC; 400 (28.8%) patients underwent FC.
Mean age was 47.4 years (range 15-94) in the LC group
and 51.5 years (range 18-86) in the FC group (p <0.0001).
68.6% versus 72.5% of patients were female in the LC
versus FC groups, respectively (p =0.1757). Average BMI
in the LC group was 29.85 kg/m?, while average BMI in
the LC group was 28.41 kg/m? (p =0.0002). Demographic

Table 1 Demographic data

data for all laparoscopic cholecystectomy patients as a
whole, and for FC and LC groupings are shown in Table 1.
Patients presented with a variety of indications for chol-
ecystectomy: 38.8% with biliary colic, 15% with acute
cholecystitis, and 14.4% with gallstone pancreatitis. The
remainder of clinical indications for cholecystectomy is
listed in Table 1.

Intraoperative data

FC had a mean operative time of 72.53 min (range
17-268), as compared to 99 min (range 23-435) for LC;
resulting in an average decrease of 26.47 min per case
(p <0.0001) (Table 2). In patients with BMI > 30 kg/m?,
operative duration for FC versus LC was 75.57 versus

All (n=1389) ICG (n=400) Non-ICG (n=989) p-value 95% CI
Age (years) (range) 48.6 (15-94) 51.5 (18-86) 47.4 (15-94) <0.0001 2.05-6.02
BMI (kg/m?) 29.4 (13.3-55.6) 28.41 (13.3-53.1) 29.85 (14.9-55.6) 0.0002 0.6753-2.20
Sex
Female 970 290 680 0.1757
Male 419 110 309
CCI
0 553 136 417 0.0356
1 247 74 173
2 190 59 131
>3 399 131 268
Intraoperative findings
Inflamed 455 137 318 0.4495
Non-inflamed 934 263 671
Indication for LC
Biliary colic 536 172 364 0.0001
Acute cholecystitis 209 43 166
Gallstone pancreatitis 203 44 159
Chronic cholecystitis 162 68 94
Choledocholithiasis 125 25 100
Gallbladder polyp 40 15 25
Acute-on-chronic cholecystitis 33 14 19
Gangrenous/perforated/hemorrhagic 31 6 25
cholecystitis
Ascending cholangitis 14 3 11
Biliary dyskinesia 12 5 7
Gallbladder mass 9 0 9
Adenomyomatosis 3 1 2
Complicated chronic cholecystitis* 3 1 2
Porcelain gallbladder 3 1 2
Acalculous cholecystitis 2 1 1
Mirizzi syndrome 2 1 1
Cholesterolosis 2 0 2

*Chronic cholecystitis in setting of choledochal vs. liver cyst, cholecysto-colonic fistula, liver abscess
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Table 2 Patient outcomes

ICG (n=400) Non-ICG (n=989) p-value 95% CI
Op time* (min) 72.53 (n=373) 99.0 (n=930) <0.0001 21.09-31.84
Op time, BMI>30* (min) 75.57 (n=114) 104.9 (n=407) <0.0001 19.43-39.30
Conversion to open 6 (1.5%) 84 (8.5%) <0.0001 -
Conversion to open BMI>30 2 (1.57%) (n=127) 32 (7.42%) (n=431) 0.0113 -
EBL (ml) 15.58 27.30 0.0007 4.948-18.48
Drain placement (1) 18 (4.5%) 109 (11.0%) <0.0001 -
LOS (days) 0.69 1.54 <0.0001 0.6029-1.101
Overall 30-day morbidity (n) 33 (8.25%) 79 (7.99%) 09134 -
Major morbidity 2 (0.5%) 6 (0.61%) 1.0 -
Procedural morbidity 7 (1.75%) 23 (2.33%) 0.6837 -
Minor morbidity 26 (6.5%) 54 (5.46%) 0.4475 -
CBDI 0 1(0.1%) 1.0 -
Bile leak 2 (0.5%) 9(0.91%) 0.7387 -
Mortality 0 2 (0.2%) 1.0 -
Readmission 15 (3.75%) 39 (3.94%) 1.0 -
ED visit 46 (11.5%) 128 (12.94%) 0.531 -

Major morbidity: unanticipated return to OR, cardiac event, death

Procedural morbidity: major morbidity + patients requiring IR percutaneous drain, EGD + ERCP/stenting

Minor morbidity: conservative management, i.e., antibiotics, Foley placement, superficial bedside drainage,

supportive care

*Cases involving concomitant procedures excluded from operative time analysis

Table 3 Patient outcomes stratified by inflamed vs. non-inflamed gallbladder process (based on pre-operative work up)

ICG (n=137) Non-ICG (n=318) p-value 95% CI
Inflamed
Operative time* 83.6 (n=130) 117.2 (n=303) <0.0001 24.09-43.05
Operative time, BMI >30* 90.38 (n=37) 122.0 (n=138) 0.0006 13.76-49.53
Conversion to open 4(2.92%) 53 (16.67%) <0.0001 -
Conversion to open BMI > 30 2 (4.88%) (n=41) 18 (12.68%) (n=142) 0.2542 -
EBL 19.99 47.37 0.0029 9.437-45.34
Drain placement 12 (8.76%) 72 (22.64%) 0.0003 -
LOS (days) 0.8686 2.283 <0.0001 0.8773-1.952
ICG (n=263) Non-ICG (n=671) p-value 95% CI
Non-inflamed
Operative time* 66.61 (n=243) 90.26 (n=1626) <0.0001 17.46-29.85
Operative time, BMI >30* 68.45 (n=177) 96.29 (n=268) <0.0001 16.41-39.27
Conversion to open 2 (0.76%) 31 (4.62%) 0.0025 -
Conversion to open BMI > 30 0 (n=286) 14 (4.86%) (n=288) 0.0464 -
EBL 13.29 17.64 0.0473 0.05178-8.653
Drain placement 6 (2.28%) 37 (5.51%) 0.0366 -
LOS (days) 0.5894 1.183 <0.0001 0.3440-0.8439

*Cases involving concomitant procedures excluded from operative time analysis

104.9 min, respectively, for an average operative time
reduction of 29.33 min (p <0.0001), excluding con-
comitant procedures (Table 2). EBL and drain placement
were both decreased in the FC compared to the LC group
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(»<0.0001) (Table 2). In the inflamed gallbladder pathol-
ogy subgroup, operative time in the FC versus LC group
was 83.6 versus 117.2 min, respectively (p <0.0001), and
in patients with BMI > 30 in the inflamed FC versus LC
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groups was 90.38 versus 122.0 min (p =0.0006). Similar
results were noted in the non-inflamed pathology sub-
groups as well (Table 3). FC required conversion to open
at a rate of 1.5%, while LC converted at a rate of 8.5%
(» <0.0001), which held true across subgroups (Table 2).
While rate of conversion to open was reduced in the
inflamed pathology with BMI > 30 subgroup with FC ver-
sus LC, 4.88% versus 12.68%, respectively, this was not
statistically significant (p =0.25) (Table 3).

After controlling for clinically relevant predictors via
multivariable logistic regression, FC was associated with a
78.8% odds reduction for conversion to an open procedure
(»=0.001, OR 0.212, Table 4). Subgroup analysis of only
patients with inflamed gallbladder pathology also showed an
84.5% odds reduction in conversion with FC (p =0.002, OR
0.155, Table 5) in multivariable analysis. In the multivari-
able logistic regression for both the overall cohort and the
inflamed gallbladder subgroup, female patients had a 69.2%

Table 4 Univariable and

- T . Univariable Multivariable

multivariable logistic regression

analysis: conversion to open p-value OR 95% C1 p-value OR 95% CI
Age <0.001 1.032 1.019-1.046 0.055 - -
Sex <0.001 0.248 0.159-0.385 <0.001 0.308 0.195-0.488
BMI>30 0.614 - - - - -
CCIO <0.001 Ref - 0.447 Ref -
CCI'1 0.084 - - 0.644 - -
CCI2 0.001 3.098 1.548-6.2 0.125 - -
CCI>3 <0.001 3.709 2.079-6.619 0.260 - -
Non-elective 0.038 1.579 1.027-2.427 0.191 - -
Fellow 0.001 0.421 0.248-0.714 0.540 - -
Resident 0.046 7.503 1.035-54.420 0.112 - -
2013-2015 0.019 Ref - 0.168 Ref -
2016-2017 0.287 - - 0.332 - -
2018-2019 0.005 0411 0.225-0.752 0.060 - -
ICG <0.001 0.164 0.071-0.379 0.001 0.212 0.086-0.526
Years in practice 0.695 - -
Location (HC vs LJ) 0.353 - -
CCI Charlson comorbidity index, HC Hillcrest, LJ La Jolla

Tablg 5 .Univaria'blf.: and . Univariable Multivariable

multivariable logistic regression

analysis: conversion to open p-value OR 95% CI p-value OR 95% CI

within inflamed gallbladder

subgroup Age <0.001 1.032 1.014-1.050 0.075 - -
Sex 0.003 0.425 0.159-0.383 0.031 0.515 0.281-0.943
BMI>30 0.535 - - - - -
CCIO 0.013 Ref - 0.875 Ref -
CCI 1 0.072 - - 0.506 - -
CCI2 0.036 - - 0.429 - -
CCI>3 0.001 3.569 1.663-7.663 0.554 - -
Non-elective 0.646 - - - - -
Fellow 0.005 0.382 0.196-0.745 0.561 - -
Resident 0.998 - - - - -
2013-2015 0.178 Ref - 0.454 Ref -
2016-2017 0.174 - - 0.220 - -
2018-2019 0.091 - - 0.455 - -
ICG <0.001 0.149 0.053-0.421 0.002 0.155 0.047-0.511
Years in practice 0.549 - - - - -
Location (HC vs LJ) 0.105 - - 0.856 - -

CCI Charlson comorbidity index, HC Hillcrest, LJ La Jolla
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and 48.5% odds reduction of conversion to open, respec-
tively (Tables 4, 5).

A total of 19 patients underwent diagnostic laparos-
copy and aborted cholecystectomy, 8 patients received pre-
operative ICG, and 11 were in the non-ICG group; no sig-
nificant difference was noted in aborted case rate. Average
age for aborted cholecystectomy patients was 58.9 (range
31-78), 57.9% of patients were male, with an average BMI
of 28.6 kg/m? (range 20-36.82 kg/m?). Within the ICG diag-
nostic laparoscopy group, 7 cases were aborted due to sig-
nificant inflammation and adhesions in the peri-cholecystic
region precluding identification of anatomy and a safe opera-
tion. Two of these seven patients were additionally noted to
have previously undiagnosed macronodular cirrhosis. One
was canceled for a hemangioma overlying the gallbladder.
In the non-ICG diagnostic laparoscopy group, 10 LC were
aborted for significant inflammation and adhesions, and one
was aborted due to pneumoperitoneum-induced asystole
with subsequent return of spontaneous circulation after CPR.

In the ICG aborted cholecystectomy group, 5 patients
subsequently underwent cholecystectomy: 4 via laparoscopic
approach, 1 via laparoscopic converted to open. 4 of these
patients were referred to a hepatobiliary surgeon for chol-
ecystectomy. In the non-ICG group, 7 patients subsequently
underwent cholecystectomy: 2 OC, 3 LC, and one laparo-
scopic converted to open approach. 3 of these patients were
referred to a hepatobiliary surgeon. Of the patients who did
not undergo subsequent cholecystectomy, three were lost to
follow up, for the other two a decision was made not to offer
intervention in the absence of symptoms as risk was thought
to outweigh benefit.

Post-operative outcomes

LOS was reduced in the FC cohort: average LOS was
0.69 days in the FC group and 1.54 days in the LC group
(p<0.0001) (Table 2). LOS in the inflamed and non-
inflamed groups remained lower on average in the FC cohort
across subgroups; with LOS 0.87 versus 2.3 days for FC
versus LC in the inflamed subset (p <0.0001), and 0.59 ver-
sus 1.18 days for FC versus LC in the non-inflamed subset
(»<0.0001) (Table 3). No statistical significance was seen
in the rate of CBDI or Strasberg A injury between groups.
One CBDI occurred in the LC group (0.1%); zero in the FC
group (Table 2). In total, 11 patients presented with post-
operative biloma or bile leak; 9 (0.91%) in the LC group and
2 (0.5%) in the FC group (p =0.74); these were classified
as Strasberg A injuries. For Strasberg A injuries, patients
were managed with a combination of conservative therapy,
percutaneous drain placement, or ERCP with transampul-
lary stenting depending on the volume of leak. Of the 19
patients with CBDI, post-operative biloma, or bile leak, 2
(18.2%) had a prior cholecystostomy tube in place, 7 (63.6%)
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underwent non-elective cholecystectomy, 5 (45.5%) required
conversion from a laparoscopic to an open approach, and
all patients (100%) had an inflammatory disease process
on final pathology (either acute or chronic cholecystitis).
Two inpatient mortalities occurred within the LC group.
One patient sustained an aspiration event leading to acute
hypoxia and cardiovascular collapse on post-operative day 4
from a laparoscopic converted to open cholecystectomy for
gallstone pancreatitis. The second mortality occurred as a
result of intraoperative hemorrhage secondary to severe vas-
culobiliary injury after attempted fundus-down laparoscopic
cholecystectomy in an inflamed gallbladder, with subsequent
conversion to open cholecystectomy and cardiac arrest. No
differences were observed in 30-day morbidity, mortality,
readmissions, or ED visits between groups.

Discussion

Despite the widespread use of laparoscopic cholecystec-
tomy, ICG fluorescent cholangiography has not yet become
standard of care as an adjunct to the critical view of safety.
We show that the routine use of FC reduces operative time
as well as conversion to open procedures regardless of diag-
nosis and BMI. Overall CBDI and Strasberg A injuries were
decreased in the FC as compared to LC groups, suggesting
that improved visualization of the biliary tree via ICG as
standard of care during laparoscopic cholecystectomy may
decrease rate of iatrogenic injury. However, we showed no
significant difference between LC and FC, owing credence
to CVS as well as lack of sample size to detect potential
small differences between the techniques.

The incorporation of ICG cholangiography into LC has
the potential to provide real-time visualization of the extra-
hepatic biliary tree prior to commencing dissection within
Calot’s Triangle [15]. Anecdotally, we find the biliary
anatomy can be identified in this manner in most patients,
although there are certainly cases where further dissection
is needed before ICG is useful as an adjunct for visualiza-
tion. Improved anatomical identification allows for targeted
dissection of the cystic duct while utilizing the CVS tech-
nique, and helps to confirm cystic artery versus duct during
dissection. With this targeted dissection and assistance with
identifying complex (inflamed, aberrant) biliary anatomy,
we have shown a decrease in operative times and conversion
to open surgery. Increased operative duration has been asso-
ciated with increased LOS with general surgical procedures.
Procter et al. reported that LOS increases geometrically with
increasing operative duration, after adjusting for procedural
and patient risk factors, at a rate of 6% per hour [19]. Our
data suggest that use of this minimally invasive adjunct also
led to decreased LOS across subgroups, perhaps secondary
to operative time decreases.
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The benefits of ICG cholangiography have been described
in the literature. In one of the earliest series on ICG cholan-
giography, Ishizawa et al. identified the cystic duct in 100%
of patients prior to dissecting the triangle of Calot [15]. Prior
studies have postulated that rapid identification of the cystic
duct-common hepatic duct junction with FC shortens both
the dissection phase and operative time [20]. We provide the
largest cohort comparing the outcomes of standard bright
light LC to FC in current literature. Additionally, our study
provides results on objective measures that show improved
outcomes in FC compared to LC. Due to sample size, we
are able to identify significant differences across subgroups.
While Buchs et al. suggested that quality of NIR-assisted
biliary tract visualization is diminished with increased BMI
[20], we were able to demonstrate statistically significant
decreases in operative time in patients with BMI > 30. In fur-
ther subgroup analysis, we looked at patients with inflamed
gallbladder pathology and noted a statistically significant
decrease in operative time within the FC group as compared
to conventional LC overall, and in patients with BMI > 30.
Even in the setting of excess adipose tissue overlying Calot’s
triangle, the use of FC may orient the surgeon to the location
of biliary structures during the dissection [14, 16].

Studies focusing on the effect of inflammation on NIR
visualization have tended to be small, with inconsistent def-
initions on criteria for uncomplicated versus complicated
disease, and have largely pooled all benign biliary diseases
together [21, 22]. In contrast, our study encompassed 455
patients with inflamed etiology, with 137 in the FC group
and 318 in the LC group. Complications during LC have
been reported to be higher with obese patients, anatomic
abnormalities of the gallbladder, and in cases with recurrent
inflammatory episodes resulting in significant adhesions and
distorted anatomy [23]. Despite these risks, we found our
operative times were decreased with the addition of FC even
in patients with inflammatory gallbladder disease.

While our LC conversion rates were concordant with
reported rates, we noted a statistically significant reduction
in conversion rates with FC, maintained across subgroups
and after controlling for covariates via logistic regression.
Conversion from laparoscopic to open cholecystectomy
is sometimes mandatory, often due to inability to identify
anatomy, need to avoid or repair injury, or insurance of
patient safety [4, 7, 8]. It is possible that easier definition of
anatomy with FC contributed to decreased rates of conver-
sion to open. Notably, male sex was a statistically significant
risk factor for conversion to open in both univariable and
multivariable analyses. This trend has been demonstrated
in previous studies, and has been attributed to increased
severity of gallstone disease in males, and the tendency for
males to accumulate higher amounts of visceral adipose tis-
sue [7, 24-26]. Given the increased risk of morbidity and
prolonged LOS associated with conversion to open, and our

demonstrated reduction in conversion rates with the use of
FC, routine use of this adjunct may improve overall patient
outcomes during LC if conversion to open may be avoided
more often.

The majority of CBDI occur as a result of misidentifica-
tion of biliary anatomy. In the “classical injury,” the CBD is
identified as the CD and divided [27]. While implementation
of the CVS has undoubtedly improved the safety of LC [14,
28], our data suggest that routine use of ICG cholangio-
graphy may be the logical adjunct to the CVS. Within our
cohort, we observed a decreased rate of Strasberg type A
injuries and CBDI within the FC as compared to LC groups
overall; this was not statistically significant due to sample
size. Decreases in operative time and conversions were sig-
nificant, and show excellent outcomes with FC. NIR fluor-
oscopy has the potential to increase both patient safety and
procedural efficiency via enhancement and optimization of
tissue visualization [29]. Particularly in the setting of inflam-
mation or aberrant anatomy, FC as an adjunct to CVS may
improve both LC safety and outcomes.

Limitations of this study include restriction to a single
institution and inadequate sample size to identify any dif-
ferences in CBDI between techniques, although these are
expected to be minimal due to the use of CVS in both LC
and FC. Moving forward, larger, prospective trials are indi-
cated. A study looking at specific time in minutes to iden-
tification of critical anatomy, and whether this time period
was decreased on account of FC would be beneficial. While
it would be ideal to define whether the use of FC reduces
risk of CBDI, there are several challenges inherent to the
structure of this hypothetical study. With the low incidence
of CBDI, the event rate is approximately 3 per 1000 LC
performed in the USA. Strasberg et al. highlighted these
challenges, stating that a randomized trial would be exceed-
ingly challenging to perform with this low rate, and would
require approximately 4500 patients per arm [28]. Large
observational studies may be the only realistic approach to
assess the relationship between use of routine FC and CBDI.
Another significant limitation is the retrospective nature of
our study. As a result, we were unable to collect data on time
to identification of critical anatomical structures. We also
lack data on incidence of adequate visualization of biliary
anatomy prior to commencing peritoneal dissection. Future
studies could examine these crucial time points with respect
to identification of anatomy, and could focus specifically
on the effect of BMI, visceral fat, and inflamed versus non-
inflamed disease processes.

With noted improvements in operative time and conver-
sion to open surgery, our group has adopted routine FC in
addition to CVS as standard of care. ICG cholangiography
should be standard of care as an adjunct to potentially help
identify anatomy, and expedite safe dissection during lapa-
roscopic cholecystectomy.

@ Springer
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Conclusions

Fluorescence cholangiography provides a non-invasive
confirmation of the extrahepatic biliary anatomy during
laparoscopic cholecystectomy, reducing operative time,
LOS, and rate of conversion to open surgery. Although not
statistically significant, common bile duct injury occurred
less with fluorescence cholangiography, and is a potential
future topic of study. This real-time approach to expedite
identification of crucial structures supports the use of fluo-
rescence cholangiography as standard of care.
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