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Abstract

Background Patients with persistent symptoms of acute cholecystitis for >72 h who cannot undergo urgent
laparoscopic cholecystectomy (LC) often undergo percutaneous transhepatic gallbladder drainage (PTGBD) and
delayed LC. However, intraoperative near-infrared fluorescence with indocyanine green (ICG) has recently become
available in various surgical settings. Therefore, we evaluated the usability of intraoperative fluorescence imaging
with ICG for LC after PTGBD in patients with acute cholecystitis.

Methods The preoperative and postoperative clinical characteristics of patients who underwent LC after PTGBD
were retrospectively analyzed.

Results In total, 130 patients were reviewed. Intraoperative ICG fluorescence imaging was used in 39 (30.0%)
patients, and none developed adverse reactions. Patients with ICG fluorescence imaging had a significantly shorter
operative time (129 4 46 vs. 150 £ 56 min, p = 0.0455), markedly lower conversion rate (2.6% vs. 22.0%,
p = 0.0017), and lower proportion of subtotal cholecystectomy (0.0% vs. 6.6%, p = 0.0359) than patients without
ICG fluorescence imaging. Independent risk factors for conversion to laparotomy during LC after PTGBD were the
performance of PTGBD after 48 h from onset (OR 3.52; 95% CI 1.11-12.21; p = 0.0322), an unremoved PTGBD
tube on LC (4.48, 1.46-15.00, p = 0.0084), and surgery without ICG (8.00, 1.28-159.47, p = 0.0231).

Conclusion Intraoperative ICG fluorescence imaging produced better surgical outcomes without any adverse reac-
tions. Early performance of PTGBD and intraoperative ICG fluorescence imaging can reduce the surgical difficulties
in LC after PTGBD for acute cholecystitis.

Abbreviations CTA CT angiography

BDI Bile duct injury DIC-CT Drip infusion cholecystocholangiography-CT
BMI Body mass index ICG Indocyanine green

CI Confidence interval LC Laparoscopic cholecystectomy

CRP C-reactive protein PTGBD Percutaneous transhepatic gallbladder drainage

WBC White blood cell
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(incidence of about 0.4%) but still represents an important
complication [1-3]. Misinterpretation of the biliary anat-
omy because of unrecognized anatomical variations or an
inflammatory status is the most frequent etiology of iatro-
genic biliary tree lesions [4], and the rate of BDI can
increase in the presence of cholecystitis [5].

Percutaneous  transhepatic  gallbladder  drainage
(PTGBD) is traditionally considered a safe alternative to
early cholecystectomy in surgically high-risk patients with
acute cholecystitis [6]. Some recent studies have indicated
the safety and acceptability of percutaneous transhepatic
aspiration [7] and the clinical efficacy of endoscopic gall-
bladder drainage [8]. The Tokyo Guidelines 2013 recom-
mended early LC as the first-line treatment in patients with
grade I and II acute cholecystitis; however, percutaneous
and endoscopic gallbladder drainage is the first-line treat-
ment in patients with grade III acute cholecystitis, some
patients with grade II acute cholecystitis, and patients in
whom early LC is difficult to perform [9]. Therefore,
patients who require PTGBD are expected to have a higher
severity grade and more severe inflammatory changes
around the gallbladder than patients who do not require
PTGBD. Severe inflammation of the gallbladder and its
surroundings is known to be associated with an increased
complication rate [10].

Intraoperative near-infrared fluorescence with indocya-
nine green (ICG) has recently become available in various
surgical settings, such as breast surgery [11], gastroin-
testinal surgery [12], and hepato-biliary-pancreatic surgery
[13—15]. Ishizawa T et al reported the first LC case with
ICG fluorescence images [16]. The ICG fluorescence
imaging technique is based on the principle that protein-
bound ICG emits light with a peak wavelength of
approximately 800 nm when illuminated with near-infrared
light [17]. Although several reports have described intra-
operative fluorescence imaging with ICG in LC [4, 18, 19],
they reported the safety, feasibility, and efficacy in patients
with a normal gallbladder. To our knowledge, no report has
described the usability of intraoperative ICG fluorescence
imaging in patients with severe inflammation after acute
cholecystitis. Therefore, the aim of this study was to elu-
cidate the usability of intraoperative fluorescence imaging
with ICG for LC after PTGBD in patients with acute
cholecystitis.

Methods

We reviewed patients who underwent elective LC after
PTGBD for acute cholecystitis from January 2012 to
December 2016 at lizuka Hospital (Fukuoka, Japan). All
acute cholecystitis patients were treated firstly in internal
medicine department and later visited our department.
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Also, we introduced LC with ICG fluorescence images in
July 2015, since then all LCs were performed with fluo-
rescence cholangiography. This study was approved by an
institutional review board (17141).

Intraoperative fluorescence imaging with ICG

In all patients who underwent ICG fluorescence imaging,
2.5 mg of ICG (Diagnogreen®; Daiichi Sankyo Co., Ltd.,
Tokyo, Japan) was injected intravenously immediately
after the induction of anesthesia to obtain intraoperative
fluorescence illumination of the extrahepatic bile ducts
(Fig. 1a). First, ICG fluorescence imaging was performed
in about 30th min. To detect the cystic artery and right
hepatic artery, a repeat intravenous injection of 2.5 mg of
ICG was performed during the dissection of Calot’s tri-
angle (Fig. 1b, c). In all cases, a laparoscopic fluorescence
imaging system (Karl Storz GmbH & Co. KG, Tuttlingen,
Germany), including a plasma light guide and 30°, 10-mm
laparoscope applicable for white light, autofluorescence,
and ICG imaging, was used for intraoperative conventional
imaging and near-infrared fluorescence imaging (ICG
mode). Visualization of both imaging is improved by a
professional image enhancement system (IMAGE 1 SPIES
systemTM; Karl Storz), which offers adjustable visualiza-
tion modalities that can be selected according to the sur-
geon’s preference. The ICG mode was repeatedly used as
needed during the operation. In this study, all patients
underwent intravenous injection of ICG and none was
performed ICG fluorescence imaging with intrabiliary
injection.

Surgical procedures

Surgical procedures for LC were performed according to
the critical view of safety technique described by Strasberg
et al. [20], which entails visualization of Calot’s triangle.
Surgeons could choose the most appropriate surgical
devices with or without laparoscopic coagulating shears
and soft coagulation (VIO system; Erbe, Tiibingen, Ger-
many). The criteria for conversion to laparotomy were
dependent upon each surgeon and included factors such as
the presence of adhesion, inflammatory change, or
bleeding.

Preoperative imaging examinations
All patients without an allergy to contrast agent underwent

DIC-CT+CTA. On the other hand, patients with an allergy
were performed MRCP.
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The indication of PTGBD for acute cholecystitis
patients

In our institute, all acute cholecystitis patients were treated
according to the Tokyo guidelines 2013. Grade I and II
patients were treated with antibiotics at fast, and non-

«Fig. 1 a Intraoperative ICG fluorescence imaging during dissection

of Calot’s triangle. The liver and extrahepatic bile ducts are
illuminated. The white arrowheads indicate the cystic duct, and the
black arrowheads indicate the common bile duct. b, ¢ White light and
ICG fluorescence image in a later stage of dissection of Calot’s
triangle. Additional intravenous injection of ICG reveals the course of
the cystic artery and right hepatic artery (right hepatic artery of this
patient was ventral side of the common hepatic duct). The white
arrowheads indicate the right hepatic artery, and the black arrowheads
indicate the cystic artery in the white light image and ICG
fluorescence image, respectively

responders for initial treatment were performed PTGBD.
Grade III patients were performed PTGBD immediately.

PTGBD tube removal criterion

The criterion for PTGBD tube removal was the detection of
the common bile duct with injection of contrast dye
through the PTGBD tube. Patients with this radiological
imaging sign underwent tube removal and were discharged
from the hospital and later underwent elective LC. Patients
without these findings continued PTGBD and underwent
surgery as soon as possible.

Statistical analysis

All statistical analyses were performed using SAS software
(JMP 11.0.0; SAS Institute Inc., Cary, NC, USA). All
variables are expressed as mean =+ standard deviation.
Categorical variables were compared using the chi-squared
test, and continuous variables were compared using the
nonparametric Wilcoxon test or the parametric #-test.
Logistic regression analyses were performed to identify
independent risk factors. A p value of <0.050 was con-
sidered statistically significant.

Results
Patients

A total of 746 patients underwent LC from January 2012 to
December 2016 in our institute. Patients without chole-
cystitis (n = 395) and those who underwent urgent LC or
did not undergo PTGBD for acute cholecystitis (n = 221)
were excluded. The remaining 130 patients were enrolled
in this study.

The patients comprised of 83 men and 47 women with a
mean age of 68.6 = 10.7 years. Eighteen (13.8%) patients
had a history of cholecystitis, and 32 (24.6%) had a history
of laparotomy. Ninety (69.2%) patients had grade II or III
cholecystitis [21]. The duration from onset to surgery and
to performance of PTGBD was 34.8 &+ 23.7 and
2.9 £+ 3.2 days, respectively. We used intraoperative
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Table 1 Clinical characteristics of patients who underwent laparoscopic cholecystectomy with ICG fluorescence imaging

Factors Total (n = 130) ICG group (n = 39) Non-ICG group (n = 91) p value
Age (years) 68.6 + 10.7 68.8 + 11.2 68.5 + 10.6 0.8845
Sex, male (%) 83 (63.8) 29 (74.4) 54 (59.3) 0.0969
BMI (kg/m?) 243 + 3.7 242 + 4.1 243 + 3.6 0.8430
History of cholecystitis (%) 18 (13.8) 8 (20.5) 10 (11.0) 0.1617
History of laparotomy (%) 32 (24.6) 13 (33.3) 19 (20.9) 0.1378
History of choledocholithiasis (%) 30 (23.1) 10 (25.6) 20 (22.0) 0.6519
Cholecystitis severity (grade II and IIT) 90 (69.2) 31 (79.5) 59 (64.8) 0.0895
Duration from onset to surgery (days) 34.8 £ 23.7 42.7 + 30.8 31.4 £ 19.1 0.0121
Duration from onset to PTGBD (days) 29 4+ 32 2.7+ 3.2 29 +£ 32 0.7360
Unremoved PTGBD tube 41 (31.5) 7 (18.0) 34 (37.4) 0.0241
Preoperative WBC count (x 103/uL) 6.08 £+ 2.48 6.06 £+ 2.60 6.09 £+ 2.44 0.9639
Maximum WBC count during disease course (><103/uL) 14.34 + 4.54 13.78 £ 5.20 14.58 + 4.24 0.3636
Preoperative CRP (mg/dL) 1.68 £ 4.22 299 £6.53 1.12 £ 2.53 0.0206
Maximum CRP during disease course (mg/dL) 21.30 £ 7.40 22.58 £ 7.18 20.80 £ 7.50 0.2116

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

BMI body mass index, CRP C-reactive protein, /CG indocyanine green, PTGBD percutaneous transhepatic gallbladder drainage, WBC white

blood cell

fluorescence imaging with ICG in 39 (30.0%) patients,
none of whom developed adverse reactions.

Comparisons between patients
with and without intraoperative fluorescence
imaging with ICG

Univariate analyses showed that patients who underwent
intraoperative fluorescence imaging with ICG (ICG group,
n = 39) had a significantly higher preoperative C-reactive
protein concentration (2.99 + 6.53 vs. 1.12 £ 2.53 mg/
dL, p = 0.0206), longer duration from onset to surgery
(42.7 £ 30.8 vs. 31.4 &+ 19.1 days, p = 0.0121), and lower
proportion of an unremoved PTGBD tube on LC (18.0%
vs. 37.4%, p =0.0241) than did the non-ICG group
(n = 91) (Table 1). There were no significant differences in
the history of cholecystitis or laparotomy, cholecystitis
severity, preoperative and maximum white blood cell
counts, or C-reactive protein concentration during the
disease course. The surgical outcomes associated with the
use of ICG imaging are shown in Table 2. The ICG group
had a significantly shorter operative time (129 £ 46 vs.
150 £ 56 min, p = 0.0455), markedly lower conversion
rate (2.6% vs. 22.0%, p = 0.0017), and lower proportion of
subtotal cholecystectomy (0.0% vs. 6.6%, p = 0.0359) than
the non-ICG group. There were no significant differences
in the intraoperative blood loss volume or postoperative
length of hospital stay. In particular, the rate of surgery-
related postoperative complications was about 10% in both
groups without a significant difference, and no ICG-related
adverse reactions occurred in the ICG group.
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Indications for conversion to laparotomy

Twenty patients underwent conversion in the non-ICG
group. The most common reason for abandonment of LC
was severe fibrosis and scarring in Calot’s triangle area or
the gallbladder bed due to inflammation (n = 16). Two
cases of BDI and two cases of cystic artery injury occurred.
In contrast, only one patient underwent conversion in the
ICG group, and this was due to bleeding from a peripheral
branch of the middle hepatic vein in the gallbladder bed.

Risk factors for conversion to laparotomy
during LC after PTGBD

To reveal the risk factors for conversion to laparotomy
during LC after PTGBD, we compared two groups of
patients: those who underwent conversion (n = 21) and
those who only underwent laparoscopy (n = 109). Uni-
variate analyses showed that the conversion group had a
significantly higher proportion of moderate-to-severe
cholecystitis (90.5% vs. 65.1%, p = 0.0359), longer dura-
tion from onset to performance of PTGBD (4.5 + 4.9 vs.
2.6 £ 2.6 days, p = 0.0101), higher rate of performing
PTGBD after 48 h from onset (66.7% vs. 31.2%,
p = 0.0024), higher proportion of an unremoved PTGBD
tube on LC (61.9% vs. 25.7%, p = 0.0016), and higher rate
of LC without ICG fluorescence imaging (95.2% vs.
65.1%, p = 0.0017) (Table 3). Multivariate analyses were
performed to identify independent risk factors for conver-
sion to laparotomy (Table 4). These risk factors were the
performance of PTGBD after 48 h from onset (OR 3.52;
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Table 2 Surgical outcomes of patients who underwent laparoscopic cholecystectomy with ICG fluorescence imaging

Factors Total (n = 130) ICG group (n = 39) Non-ICG group (n = 91) p value
Operative time (min) 143 £ 53 129 £ 46 150 £ 56 0.0455
Intraoperative blood loss (mL) 135 4+ 520 100 £+ 219 150 &+ 606 0.6166
Conversion to laparotomy (%) 21 (16.2) 12.6) 20 (22.0) 0.0017
Subtotal cholecystectomy (%) 6 (4.6) 0 (0.0) 6 (6.6) 0.0359
All complications (%) 15 (11.2) 7 (18.0) 9 (9.9 0.2131
Clavien—Dindo grade > III complications (%) 13 (10.0) 7 (18.0) 6 (6.6) 0.0582
Surgery-related complications (%) 11 9.2) 4 (10.3) 9(9.9) 0.9492
Postoperative length of hospital stay (days) 10.6 + 16.0 88 £69 114 + 185 0.4036

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

ICG indocyanine green

Table 3 Univariate analyses of clinical characteristics between patients who underwent conversion and those who underwent only laparoscopy

Factors Conversion (n = 21) Laparoscopy (n = 109) p value
Age (years) 70.9 £ 8.7 68.1 £ 11.1 0.2815
Sex, male (%) 6 (28.6) 41 (37.6) 0.0969
BMI (kg/m?) 235+ 35 244 + 3.8 0.2978
History of cholecystitis (%) 3 (14.3) 15 (13.8) 0.9494
History of laparotomy (%) 4 (19.1) 28 (25.7) 0.5080
History of choledocholithiasis (%) 5 (23.8) 25 (22.9) 0.9309
Cholecystitis severity (grade II and III) 19 (90.5) 71 (65.1) 0.0120
Duration from onset to surgery (days) 33.0 £ 19.9 352 £ 244 0.7041
Duration from onset to PTGBD (days) 45 +49 2.6 £2.6 0.0101
Performance of PTGBD after 48 h from onset 14 (66.7) 34 (31.2) 0.0024
Duration from PTGBD to surgery (days) 285 £ 175 32.6 £243 0.4648
Unremoved PTGBD tube 13 (61.9) 28 (25.7) 0.0016
Preoperative WBC count (X 103/pL) 7.21 + 3.85 6.12 + 2.17 0.1748
Maximum WBC count during disease course (x 103/uL) 16.41 + 4.67 14.28 + 4.42 0.2636
Preoperative CRP (mg/dL) 243 +4.79 1.53 £ 4.11 0.3701
Maximum CRP during disease course (mg/dL) 23.08 £ 6.61 20.99 £ 7.55 0.2400
Surgery without ICG (%) 20 (95.2) 71 (65.1) 0.0017

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

BMI body mass index, CRP C-reactive protein, /CG indocyanine green, PTGBD percutaneous transhepatic gallbladder drainage, WBC white

blood cell

95% CI 1.11-12.21; p = 0.0322), an unremoved PTGBD
tube on LC (4.48, 1.46-15.00, p = 0.0084), and surgery
without ICG (8.00, 1.28-159.47, p = 0.0231).

Discussion

LC has long been the first-line therapy for cholecystitis,
and various studies have clarified the predictive factors for
surgical difficulties and indications for conversion to
laparotomy during LC for cholecystitis. According to the
literature, these indications include iatrogenic BDI, severe
fibrosis and scarring in Calot’s triangle area or the gall-
bladder bed due to inflammation, and bleeding [5, 10]. The

critical view of safety technique, which was described by
Strasberg et al. [20], is the standard approach with which to
avoid iatrogenic BDI in LC. Additional intraoperative
cholangiography was reported to significantly decrease the
occurrence of BDI [1], and intraoperative fluorescence
imaging with ICG was recently shown to be an alternative
to intraoperative cholangiography for visualizing the
extrahepatic biliary structures during LC [18]. To our
knowledge, no study has been carried out to analyze the
usability of intraoperative ICG fluorescence imaging to
assess BDI in LC after PTGBD.

No BDI occurred in the ICG group of the present study
because the initial ICG imaging allowed for recognition of
the biliary tract before dissection of Calot’s triangle and
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Table 4 Independent risk factors for conversion to laparotomy during laparoscopic cholecystectomy after PTGBD

Factors OR 95% CI p value
Cholecystitis severity (grade II and IIT) 3.80 0.82-27.54 0.0902
Performance of PTGBD after 48 h from onset 3.52 1.11-12.21 0.0322
Unremoved PTGBD tube 4.48 1.46-15.00 0.0084
Surgery without ICG 8.00 1.28-159.47 0.0231

CI confidence interval, /CG indocyanine green, PTGBD percutaneous transhepatic gallbladder drainage

repetitive real-time ICG imaging enabled the surgeons to
avoid misidentifying the common bile duct or accessory
hepatic duct as the cystic duct and to perform dissection
without an inherent risk of BDI, especially on the right side
of the common bile duct, before establishment of the
critical view of safety. Moreover, obtaining multiple fluo-
rescence images was extremely useful in patients with
severe fibrosis and scarring around the gallbladder.
Although those changes might make interpretation of the
anatomy difficult, induce BDI or vascular injury, and
generate a sense of anxiety in surgeons treating patients
with BDI or vascular injury, real-time ICG images can
overcome these problems. Even when the wall thickness of
the biliary tract cannot be visualized because of chole-
cystitis, meticulous partial dissection can allow for biliary
tract visualization [4, 18]. This indicates that non-fluo-
rescing sites are not the biliary tract itself and can thus be
safely dissected. Moreover, in the present study, additional
ICG injection enabled surgeons to recognize the course of
the cystic artery and right hepatic artery (Fig. 1b, c).
Recognition of the arterial anatomy led to cautious dis-
section in patients with severe inflammation and reduced
the risk of vascular injury. Therefore, intraoperative fluo-
rescence with ICG in the current study reduced the indi-
cations for conversion to laparotomy and resulted in a
conversion rate ranging from 2.6% to 22.0% and a pro-
portion of subtotal cholecystectomy ranging from 0.0% to
6.6%. Liu et al. [4] reported that intra-gallbladder ICG
injection was more useful for the visualization of the bil-
iary tree than was conventional intravenous injection.
Thus, the combination of intravenous and intra-gallbladder
ICG injection might shorten the operative time in patients
with an unremoved PTGBD tube undergoing LC.

PTGBD is traditionally considered a safe and effective
procedure for acute cholecystitis, and the Tokyo Guidelines
2013 recommend it as the standard gallbladder drainage
method in critically ill patients or patients who cannot
undergo urgent LC [21]. Several studies have demonstrated
various surgical difficulties in LC after PTGBD, including
a higher rate of conversion to laparotomy, longer operation
time, and more intraoperative blood loss than in patients
without PTGBD [6, 22, 23]. After publication of the latest
guidelines, delayed LC after PTGBD was reported to
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produce better outcomes than emergent LC [24, 25]. In
their prospective study, El-Gendi et al. [24] found that
better outcomes were obtained when LC was delayed
6 weeks after PTGBD. In the present study, however, the
duration from the performance of PTGBD to surgery was
not significantly different between the two groups
(p = 0.4648). Although no prospective study has analyzed
the duration from onset to performance of PTGBD,
Yamada et al. [6] performed such an analysis in their ret-
rospective study. They found that a longer interval could
regress inflammatory adhesion and might induce better
surgical outcomes (shorter operative time, less intraopera-
tive blood loss, and lower rate of conversion). As in the
current study, they also concluded that the early perfor-
mance of PTGBD induces good surgical outcomes. Inter-
estingly, they studied the pathologic findings after PTGBD
for acute cholecystitis and showed that the early perfor-
mance of PTGBD resulted in a high rate of edematous
cholecystitis, consequently reducing surgical difficulties.
They assumed that PTGBD might stop the progression of
cholecystitis and prevent inflammation from spreading to
the surrounding tissue. Therefore, it is most important to
perform PTGBD earlier as possible in case of not per-
forming urgent LC.

The main limitation of this study is its retrospective
nature, which limited the data available for analysis. This
study also included a relatively small number of inhomo-
geneous patients. Although various surgeons performed LC
in this study, the analyses did not account for potential
differences in the background characteristics among the
surgeons who decided to perform conversion to laparotomy
because of severe inflammatory changes. Further prospec-
tive analysis is necessary to confirm our findings.

Conclusion

Intraoperative ICG fluorescence imaging produced better
surgical outcomes with a shorter operative time, markedly
lower rate of conversion to laparotomy, and lower rate of
subtotal cholecystectomy without any adverse reactions.
These findings indicate that the early performance of
PTGBD and intraoperative ICG fluorescence imaging can
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reduce the surgical difficulties in LC after PTGBD for
acute cholecystitis.
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