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Abstract
Intraoperative cholangiography involving the excretion of fluorescent indocyanine green (ICG) into the bile is used to determine biliary
anatomy in laparoscopic cholecystectomy (LC). This study aimed to evaluate the features of intraoperative ICG cholangiography, in
LC with cholecystitis, and compared the delineation of the cystic duct (CD) between ICG cholangiography and magnetic resonance
cholangiopancreatography (MRCP).
Participants comprised 65 patients undergoing LC using ICG cholangiography.
Fifty-eight patients (89.2%) were diagnosed with gallbladder stones and 32 (49.2%) with acute cholecystitis. ICG cholangiography

identified CD in 54 patients (83.1%) and did not identify CD in 11 patients (16.9%). The mean value of the fluorescence intensity in the
identified CD group by ICG cholangiography was 87.6±31.5 arbitrary unit and that in the not identified CD group by ICG
cholangiography was 24.4±10.1 arbitrary unit (P< .001). Compared with the patients in the identified CD group, those in the not
identified CD group had higher incidence of acute cholecystitis (P< .001), and higher conversion rates (P= .003). A correlation
between the delineation of CD by ICG cholangiography and MRCP was analyzed, and it revealed a correlation between each other
(P= .002)
Inflammation had harmful effects with regard to the passing of CD. If we can identify CD or common bile duct with ICG

cholangiography, we may be able to perform LC with confidence, even in the presence of severe inflammation.

Abbreviations: ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, CBD =
common bile duct, CD = cystic duct, CRP = C-reactive protein, ERCP = endoscopic retrograde cholangiopancreatography, GB =
gallbladder, ICG = indocyanine green, LC = laparoscopic cholecystectomy, MRCP = magnetic resonance cholangiopancreatog-
raphy, P-value = probability value, T-Bil = total bilirubin, TG13 = the 2013 Tokyo Guidelines, WBC = white blood cell.

Keywords: acute cholecystitis, indocyanine green cholangiography, laparoscopic cholecystectomy, magnetic resonance
cholangiopancreatography
1. Introduction

Laparoscopic cholecystectomy (LC) is one of the most common
operations in the surgical field, withmore than 60,000 operations
performed in Japan and approximately 750,000 in the United
States every year.[1] Bile duct injury is rare, with an incidence of
0.3% to 0.7%,[1] but it can lead to serious consequences. Surgery
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for cholecystitis tends to be difficult for even experienced doctors
and has a high risk of complication.
Intraoperative fluorescent imaging with indocyanine green

(ICG) has been employed for confirming the patency of vascular
reconstruction surgery, liver transplantation,[2] anastomosis of
the gastrointestinal tract,[3] brain aneurysms,[4] identification of
sentinel lymph node navigation,[5] and hepatocellular carcinoma
detection.[6] Recently, an intraoperative cholangiography tech-
nique in LC involving the excretion of fluorescent ICG in the bile
after intravenous injection has been used to determine the bile
duct anatomy.[1,7–9] Currently, some detailed reports[10,11] have
been published on LC using intraoperative ICG cholangiography
and suggested its safety and feasibility. In this study, we evaluated
the features of intraoperative ICG cholangiography, including
LC for cholecystitis, and compared the delineation of the cystic
duct (CD) between ICG cholangiography and magnetic reso-
nance cholangiopancreatography (MRCP).
2. Patients and methods

2.1. Patient characteristics

The study population comprised 65 patients undergoing LC
using ICG cholangiography for gallbladder stones, gallbladder
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Figure 1. Patient’s enrolment.
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polyps, and acute cholecystitis between March 2015 and March
2017. Basically, all patients underwent preoperative MRCP or
endoscopic retrograde cholangiopancreatography (ERCP) to
estimate whether aberrant bile duct exists and especially, ERCP
was performed for patients who were suspected common bile duct
(CBD) stones. In this series, 8 otherpatientswere excluded from the
study because 5 of themhad iodine allergy (as ICG contains iodine)
and 3 had undergone open surgery from the start (Fig. 1).

2.2. Informed consent

This study was approved by the ethics committees of Kagoshima
Kouseiren Hospital (registration number 2017042601) and was
conducted according to the ethical guidelines of the Declaration
of Helsinki.
Written informed consent was obtained from each patient.
2.3. LC and ICG cholangiography

In our hospital, LC has been performed by young surgeons who
have worked for several years under a supervisory doctor. For
fluorescence, 2.5-mg ICG (2.5mg/mL; Diagnogreen, Daiichi
Sankyo, Tokyo, Japan) was intravenously injected approximate-
ly 2hours before surgery. Laparoscopic imaging was performed
using the D-LIGHT P System (Karl Storz Endoscopes, Tuttlingen,
Germany) through a standard 12-mm umbilical trocar port. This
imaging system comprises 2 wavelength-isolated light sources: a
white light source and a near-infrared light source that produce
light of 805-nm wavelength, and this imaging system detects
infrared light of 835nm. During operation, we have repeatedly
performed ICG cholangiography before or after dissection of the
Calot triangle. After dissecting the Calot triangle possibly, ICG
cholangiography was performed to identify the anatomy of the
CD and CBD and the picture was taken for the evaluation
(Fig. 2). After that we made sure of critical view of safety and
removed gallbladder. Then, we retrospectively evaluated the
delineation of CD and CBD in each intraoperative picture of ICG
cholangiography using Image J software (National Institutes of
Health, Rockville, MD) and compared the fluorescence intensity
2

between the identified CD or CBD group and the not identified
CD or CBD group. Additionally, a correlation between the
delineation of CD by ICG cholangiography and MRCP was
analyzed.
Surgical complications were evaluated by the Clavien–Dindo

classification,[12] and a complication with a score higher than
grade III was defined as surgical complication in this study.

2.4. Diagnosis for acute cholecystitis

We adopted the 2013 TokyoGuidelines (TG13) as the criteria for
acute cholecystitis.[13]
2.5. Clinical factors

Clinical factors selected for evaluation were age, gender, surgical
complication, bleeding, operation time, hospital stay, with or
without stone, with or without acute cholecystitis, with or
without conversion, visualization of CBD and preoperative
laboratory values (white blood cell [WBC], serum aspartate
aminotransferase [AST], serum alanine aminotransferase [ALT],
serum total bilirubin [T-Bil], serum alkaline phosphatase [ALP],
serum albumin, and serum C-reactive protein [CRP]).
2.6. Statistical analyses

The Chi-squared test was used to evaluate categorical variables,
and the unpaired t test was used to evaluate continuous variables.
Data are presented as mean ± standard deviation. A probability
(P) value of <.05 was considered statistically significant.
Statistical analyses were performed using the SPSS statistical
software package (version 24; SPSS, Chicago, IL).
3. Results

3.1. Baseline characteristics

Patients comprised 31 men and 34 women, with a median age of
61.34 (range, 32–90) years. Fifty-eight patients (89.2%) were
preoperatively diagnosed with gallbladder stones and 7 patients



Figure 2. Upper panel was detected by a “white” light source and cystic duct
was detected in lower panel by a “near infrared” light source after dissecting
Calot triangle.

Table 1

Patients’ characteristics.

Baseline characteristics

Number 65
Age, y 61.34±15.33
Gender, male:female 31:34
Gall bladder stone, cases, % 58, 89.2
Common bile duct stones, cases, % 16, 24.6
Gall bladder polyp, cases, % 6, 9.2
Gall bladder cancer, case, % 1, 1.5
Cholecystitis, cases, % 32, 49.2
Conversion, cases, % 7, 10.7
Median operation time, min 132.82±43.73
Surgical complication, case 0

Data are presented as median ± standard deviation.
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(10.8%) with gallbladder polyp or adenomyomatosis. Concomi-
tant diagnosis of CBD stones wasmade in 16 patients (24.6%). In
the patients with gallbladder polyps, 1 (1.5%) was diagnosed
with gallbladder cancer through postoperative pathologic
examination. Thirty-two patients (49.2%) were diagnosed with
acute cholecystitis according to TG13.[13] Seven patients (10.7%)
were converted to open surgery. The median operation time was
132.82 (range, 30–255) minutes. There were no surgical
complications with scores higher than grade III as per the
Clavien–Dindo classification (Table 1). All patients underwent
preoperative cholangiography, including MRCP (n=56), and/or
endoscopic retrograde cholangiography (n=20).
Figure 3. Cystic duct was not detected in lower panel by a “near infrared” light
source after dissecting Calot triangle.
3.2. Delineation of the CD using laparoscopic
fluorescence imaging systems

The ICG cholangiography using laparoscopic fluorescence
imaging systems showed 54 patients (83.1%) in the identified
3

CD group (Fig. 2) and 11 patients (16.9%) in the not identified
CD group (Fig. 3). The mean value of the fluorescence intensity
in the identified CD group was 87.6±31.5 arbitrary unit
(maximum value 156.2, minimum value 50.2) and that in the
not identified CD group was 24.4±10.1 arbitrary unit
(maximum value 35.9, minimum value 10.4). Significant
difference was found between 2 groups (P< .001). Compared
with patients in the identified CD group, those in the not
identified CD group had higher WBC counts (P< .001), higher
CRP levels (P< .001), longer operation times (P= .018), higher
incidence of acute cholecystitis (P< .001), and higher conver-
sion rates (P= .003). Meanwhile, no significant difference was
found in the transaminase value and existence of gallbladder
stones between the 2 groups. CBD was not identified in 4
patients (6.2%) (Table 2).
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Table 2

The delineation of cystic duct by indocyanine green cholangiography.

Identified group, 54 cases, 83.1% Not identified group, 11 cases, 16.9% P

Age, y 59.78±15.02 68.73±14.91 .076
Fluorescence intensity, arbitrary unit 87.60±31.50 24.40±10.10 <.001
WBC, count/mm3 7129±3577 13578±5928 <.001
CRP, mg/dL 2.69±5.38 12.04±9.49 <.001
T-Bil, mg/dL 1.46±1.47 2.20±1.37 .127
AST, U/L 111.07±224.01 211.73±298.73 .205
ALT, U/L 121.78±237.89 195.82±203.92 .340
ALP, U/L 323.04±215.32 463.64±279.82 .066
Surgical complication, case 0 0
Bleeding, mL 30.37±111.04 26.18±31.93 .902
Operation time, min 127.06±40.47 160.91±50.20 .018
Hospital stay, d 9.76±7.42 10.82±5.62 .657
GB stone, yes/no 47/7 11/0 .096
CBD stone, yes/no 12/42 4/7 .321
Acute cholecystitis, yes/no 21/33 11/0 <.001
TG13 severity grade
Grade I/II/III 17/4/0 5/6/0 .040
Conversion, yes/no 3/51 4/7 .003
Not identified CBD, case 0 4 <.001

Data are presented as median ± standard deviation.
ALP= alkaline phosphatase, ALT= alanine aminotransferase, AST= aspartate aminotransferase, CBD= common bile duct, CRP= C-reactive protein, GB= gallbladder, T-Bil= total bilirubin, TG13= the 2013
Tokyo Guidelines, WBC = white blood cell.
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3.3. Delineation of the CBD using laparoscopic
fluorescence imaging systems
The ICG cholangiography using laparoscopic fluorescence
imaging systems showed 61 patients (93.8%) in the identified
CBD group and 4 patients (6.2%) in the not identified CBD
group. The all cases of the not identified CBD group were
included in the not identified CD group. The mean value of the
fluorescence intensity in the identified CBD group was 81.99±
34.56 arbitrary unit (maximum value 163.3, minimum value
Table 3

The delineation of common bile duct by indocyanine green cholangi

Identified group, 61 cases, 93.8

Age, y 60.43±15.17
Fluorescence intensity, arbitrary unit 81.99±34.56
WBC, count/mm3 7908±4528
CRP, mg/dL 3.81±6.55
T-Bil, mg/dL 1.54±1.48
AST, U/L 117.61±218.54
ALT, U/L 128.89±231.38
ALP, U/L 323.04±215.32
Surgical complication, case 0
Bleeding, mL 28.74±104.56
Operation time, min 130.62±43.82
Hospital stay, d 9.62±7.11
GB stone, yes/no 54/7
CBD stone, yes/no 14/47
Acute cholecystitis, yes/no 28/33
TG13 severity grade, grade I/II/III 20/8/0
Conversion, yes/no 5/56
Identified cystic duct, yes/no 54/7

Data are presented as median ± standard deviation.
ALP= alkaline phosphatase, ALT= alanine aminotransferase, AST= aspartate aminotransferase, CBD= c
Tokyo Guidelines, WBC = white blood cell.
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32.4) and that in the not identified CBD group was 15.57±8.18
arbitrary unit (maximum value 24.0, minimum value 9.4).
Significant difference was found between the 2 groups (P= .002).
Compared with patients in the identified CBD group, those in the
not identified CBD group had higher WBC counts (P= .035),
higher CRP levels (P= .037), higher incidence of acute cholecys-
titis (P= .036), and higher conversion rates (P= .009). Mean-
while, no significant difference was found in operation times
between the 2 groups (Table 3).
ography.

% Not identified group, 4 cases, 6.2% P

74.50±11.09 .074
15.57±8.18 .002
12977±5260 .035
11.41±12.19 .037
2.15±1.48 .429

288.25±472.40 .168
217.00±273.16 .340
463.64±279.82 .467

0
43.75±48.54 .778
165.75±29.51 .121
14.75±6.19 .165

4/0 .473
2/2 .224
4/0 .036
2/2/0 .387
2/2 .009
0/4 <.001

ommon bile duct, CRP= C-reactive protein, GB= gallbladder, T-Bil= total bilirubin, TG13= the 2013



[7]

Table 4

The delineation of cystic duct by magnetic resonance cholangiopancreatography.

Identified group, 42 cases, 75.0% Not identified group, 14 cases, 25.0% P

Age, y 61.03±15.51 70.04±12.83 .241
WBC, count/mm3 7469±4555 8968±4965 .524
CRP, mg/dL 2.28±5.26 5.39±10.15 .341
T-Bil, mg/dL 1.09±0.57 3.04±1.81 <.001
AST, U/L 97.2±245.2 271.6±408.5 .226
ALT, U/L 121.6±306.9 242.2±225.7 .421
ALP, U/L 267.0±163.7 587.2±245.1 .002
Surgical complication, case 0 0
Bleeding, mL 37.90±125.38 16.29±27.90 .527
Operation time, min 128.93±43.00 134.50±45.19 .680
Hospital stay, d 10.71±8.12 8.79±5.27 .410
GB stone, yes/no 35/7 14/0 .037
CBD stone, yes/no 8/34 4/10 .452
Acute cholecystitis, yes/no 16/26 11/3 .009
TG13 severity grade, grade I/II/III 13/3/0 5/5/0 .093
Conversion, yes/no 3/39 3/11 .134
Not identified CBD, case 0 0 <.001

Data are presented as median ± standard deviation.
ALP= alkaline phosphatase, ALT= alanine aminotransferase, AST= aspartate aminotransferase, CBD= common bile duct, CRP= C-reactive protein, GB= gallbladder, T-Bil= total bilirubin, TG13= the 2013
Tokyo Guidelines, WBC = white blood cell.

Hiwatashi et al. Medicine (2018) 97:30 www.md-journal.com
3.4. Delineation of CD by MRCP

Among 65 patients, 56 (86.2%) were preoperatively examined
using MRCP and analyzed as previously described. Compared
with patients in the identified CD group of MRCP, those in the
not identified CD group of MRCP had higher WBC counts
(P= .005), higher CRP levels (P= .001), higher incidence of
gallbladder (GB) stones (P= .037), and higher incidence of acute
cholecystitis (P= .009). CBDwas detected in all patients (Table 4).
A correlation between the delineation of CD by ICG cholangi-
ography and MRCP was analyzed, and it revealed a correlation
between each other (P= .002) (Table 5).
4. Discussion

The ICG is a tricarbocyanine dye. Following intravenous
injection, it rapidly and completely binds to albumin and is
selectively taken up by hepatocytes and excreted into the bile.[14]

Therefore, ICG has been widely used in liver function tests. After
binding to proteins, such as albumin, ICG normally emits light in
the infrared region of the electromagnetic spectrum at approxi-
mately 835nm.[15] An infrared camera detects infrared light
identified as strong fluorescence in response to ICG.[7] The
advantages of this method are no special requirements with
regard to the arrangement of X-ray equipment and no
radioactivity exposure. Moreover, this method is very useful in
the verification of biliary anatomy without the risk of bile duct
Table 5

The comparison of the delineation of cystic duct between ICG
cholangiography and MRCP.

ICG: identified cystic duct

Yes No P

MRCP: identified cystic duct
Yes 44 2 .002
No 6 4

ICG = indocyanine green, MRCP = magnetic resonance cholangiopancreatography.
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and blood vessel injury. The disadvantage of this method is the
difficulty in identifying CBD stones. However, this problem can
be resolved with preoperative MRCP, computed tomography, or
ultrasonography examination.
In this study, all 11 patients in the not identified CD group for

ICG cholangiography were included in the group of 32 patients
with severe inflammation diagnosed with acute cholecystitis
according to the TG13 (Table 2). Patients in the not identified CD
group had a significantly longer operation time, reflecting the
difficulty of the operation. Four patients with the not identified
CBD group with ICG cholangiography were also included in the
11 patients in the not identified CD group and were converted to
open surgery reflecting the inflammation and the difficulty of the
operation.
The ICG shows a bile juice passage, and the inflammatory

thickness of the tissue around the gallbladder is directly
associated with the difficulty in dissecting the tissue. Meanwhile,
MRCP mainly indicates bile juice passage. Therefore, significant
correlation was found in the delineation of CD between ICG
cholangiography andMRCP (Table 4). The results indicated that
inflammation had harmful effects with regard to the passing of
CD or CBD and increased the difficulty of the operation. During
operation, we have repeatedly performed ICG cholangiography
before or after dissection of the Calot triangle. Our presented
data showed the strongest intensity of ICG cholangiography
during operation. Actually, most of data were obtained after
dissection of Calot triangle, but the data included the cases whose
Calot triangle was difficult to dissect due to severe inflammation.
For ICG administration, the dose was standardized at 2.5mg

and the timing at approximately 2hours before surgery. Ishizawa
et al and Kono et al have reported an injection of 2.5mg of ICG
30minutes before entering the operating room.[1,16] Boogerd et al
performed clinical trial to optimize the dose of ICG and dosing
time in ICG cholangiography. They showed the highest bile duct-
to-liver ratio which was the indication of bile duct identification
was achieved 3 to 7hours after administration of 5mg and 5 to
25hours after administration of 10mg ICG.[17] Zarrinpar et al
showed a dose of 0.25mg/kg administered at least 45 minutes
prior to visualization facilitates intraoperative anatomical
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[18] [2] Kubota K, Kita J, Shimoda M, et al. Intraoperative assessment of
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identification. Taken together these reports, 2.5 to 10mg ICG
administration just before operation or 10 to 12.5mg ICG
administration on the day before operation were both acceptable
dose of ICG and dosing time in ICG.
Thus, if we could identify CD or CBD with ICG cholangiog-

raphy before dissection of Calot triangle, we might have
confidently performed LC even in the presence of severe
inflammation. In our experience, ICG cholangiography is useful
for LC.
Because this study was not a randomized control trial, there

was a limitation and we could not demonstrate the safety of LC
combined with intraoperative ICG cholangiography compared
with normal LC.

5. Conclusion

We might have been able to perform LC with more confidence,
and we had been able to identify CD or CBD with ICG
cholangiography.
Inflammation had harmful effects with regard to the passing of

CD. If we can identify CD or CBDwith ICG cholangiography, we
may be able to perform LC with confidence, even in the presence
of severe inflammation.
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