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Purpose: Bile duct injury is one of the most serious complications of laparoscopic chole-
cystectomy. Intraoperative indocyanine green (ICG) cholangiography is a safe and useful
navigation modality for confirming the biliary anatomy. ICG cholangiography is expected to
be a routine method for helping avoid bile duct injuries.

Patients and Methods: We examined 25 patients who underwent intraoperative cholan-
giography using ICG fluorescence. Two methods of ICG injection are used: intrabiliary
injection (percutaneous transhepatic gallbladder drainage [PTGBD], gallbladder [GB] punc-
ture and endoscopic nasobiliary drainage [ENBD]) at a dosage of 0.025 mg during the
operation or intravenous injection with 2.5 mg ICG preoperatively.

Results: There were 24 patients who underwent laparoscopic cholecystectomy and 1 patient
who underwent hepatectomy. For laparoscopic cholecystectomy, the average operation time
was 127 (50-197) minutes, and estimated blood loss was 43.2 (0-400) g. The ICG admin-
istration route was intravenous injections in 12 cases and intrabiliary injection in 12 cases
(GB injection: 3 cases, PTGBD: 8 cases, ENBD:1 case). The course of the biliary tree was
able to be confirmed in all cases that received direct injection into the biliary tract, whereas
bile structures were recognizable in only 10 cases (83.3%) with intravenous injection. The
postoperative hospital stay was 4.6 (3—9) days, and no postoperative complications (Clavien—
Dindo 2IIla) were observed. For hepatectomy, a tumor located near the left Glissonian
pedicle was resected using a fluorescence image guide. Biliary structures were fluorescent
without injury after resecting the tumor. No adverse events due to ICG administration were
observed, and the procedure was able to be performed safely.

Conclusion: ICG fluorescence imaging allows surgeons to visualize the course of the biliary
tree in real time during cholecystectomy and hepatectomy. This is considered essential for
hepatobiliary surgery to prevent biliary tree injury and ensure safe surgery.

Keywords: indocyanine green fluorescent imaging, navigation surgery, near-infrared
fluorescent cholangiography

Introduction

The most common laparoscopic operation in Japan is laparoscopic cholecystectomy
(LC), which is performed more than 60,000 times each year. Bile duct injury is one
of the most serious complications in LC, and its incidence is reported to range from
0.3% to 0.7%." Generally, bile duct injury can lead to a miserable course. Bile duct
injury can also lead to obstruction, including obstructive jaundice, eventually
leading to the need for liver transplantation in the worst cases.” The main cause
of bile duct injury is misidentification of the anatomy.”* Preoperative imaging
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techniques using ultrasonography (US), computed tomo-
graphy (CT) and magnetic resonance cholangiopancreato-
graphy (MRCP) provide a clear view of the anatomy.’®
However, these simulation devices are mainly used only
for preoperative planning.

There are several imaging techniques to confirm the
relevant anatomical structures. Intraoperative cholangio-
graphy has been widely used to identify the biliary
structures.”® However, conventional intraoperative cho-
langiography using radiography has the disadvantage of
exposing the patient and medical staff to radiation, in
addition to usually requiring a large and expensive
C-arm fluoroscopy machine and additional human
resources to operate it.” Therefore, more convenient and
safe techniques to visualize the anatomy are needed.

Indocyanine green (ICG) binds to serum and bile pro-
teins in vivo and expresses a fluorescent signal.'® In 2009,
Ishizawa et al first reported fluorescence cholangiography
using ICG excreted into the bile following preoperative
intravenous injection as the source of fluorescence during
LC." In 2010, our team applied ICG fluorescence cholan-
giography to LC using a prototype fluorescent imaging
system, and in 71.4% of cases, the common bile duct
(CBD) and cystic duct (CD) were identified by ICG
fluorescence.'? Over the last several years, the efficacy of
incisionless near-infrared fluorescent cholangiography
(NIFC) has been consistently reported to increase the
visualization and identification of extrahepatic biliary
structures.

Laparoscopic fluorescence imaging systems have
become commercially available, and their usefulness dur-
ing hepatectomy has been widely reported. Our team first
demonstrated that ICG fluorescence imaging was extre-
mely useful for clearly demarcating the liver segments
prior to anatomical liver resection'® and determining of
the surgical margin.'* In 2009, Ishizawa et al reported the
usefulness of ICG fluorescence cholangiography during
hepatectomy.'” In 2015, Kawaguchi et al reported the
usefulness of ICG imaging for the visualization of the
bile duct during laparoscopic liver resection.'® Thus,
intraoperative cholangiography technique with ICG fluor-
escence is used not only in LC but also in hepatectomy.

ICG cholangiography is expected to become a routine
method for helping avoid or minimize bile duct injuries. In
this study, we demonstrated the current applications of
intraoperative cholangiography with ICG fluorescence in
cholecystectomy and hepatectomy.

Patients and Methods
Intraoperative Cholangiography for LC

This study comprised 24 patients who underwent LC using
ICG April 2016
December 2019 and gave their consent to be included in

cholangiography  between and
this study. Patients with severe inflammation and with
anatomic variation were selected. All patients underwent
MRCP preoperatively to confirm the course of the bile
duct. Patients suspected of having CBD stones or cholan-
gitis underwent ERCP specifically. Endoscopic nasobiliary
drainage (ENBD) was performed after choledocholithot-
omy. Percutaneous transhepatic gallbladder drainage
(PTGBD) was performed on patients who had been diag-
nosed with moderate to severe acute cholecystitis accord-
ing to the diagnosis criteria of the Tokyo guidelines.'”

We retrospectively collected data, included patient
demographics, indications for and duration of operations,
specific LC complications and biliary structures visualized
with ICG.

There are two ways to deliver ICG: intrabiliary injec-
tion and intravenous injection. Injecting ICG directly into
the bile duct is further divided into gallbladder (GB)
puncture and bile duct injection. GB puncture involves
puncturing the GB during surgery and injecting ICG
(0.025 mg/mL). In contrast, with the bile duct injection
method, ICG is injected into the bile duct via an extra
biliary fistula tube inserted before surgery, such as that for
PTGBD or ENBD. In the intravenous injection approach,
2.5 mg/body of ICG is administered 1 hour before surgery.

ICG cholangiography is performed before the CD is
exposed and after the CD is confirmed by dissecting the
Calot triangle, ICG cholangiography is performed to iden-
tify the anatomy of the biliary structure.

Intraoperative Cholangiography During
Hepatectomy

One patient in the present study underwent intraoperative
ICG cholangiography during hepatectomy. After the bile
duct was exposed to transect the liver parenchyma,
2.5 mg/body of ICG was injected intravenously and the
course of the bile duct was confirmed.

Results

Intraoperative Cholangiography for LC
The average (range) age was 62.8 (30-82) years old, male/
female ratio was 14/10, the average operation time was 127
(50-197) minutes, and estimated blood loss was 43.2
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(0400) g. The ICG administration route was intravenous
injections in 12 cases and intrabiliary injection in 12 cases
(GB injection: 3 cases, PTGBD: 8 cases, ENBD:1 case). The
average postoperative hospital stay was 4.6 (3-9) days, and
no postoperative complications (Clavien-Dindo2I1la) were
observed (Table 1). The course of the bile structure was able
to be confirmed in all cases that received direct injection into
the biliary tract, whereas bile structures were recognizable in
10 cases (83.3%) with intravenous injection (Table 2). In
two cases without clear visualization, the CD was gradually
revealed as Calot triangular separation was performed using
the fluorescence signal of the CBD as a guidance. No
adverse events due to ICG administration were observed,
and the procedure was able to be performed safely. In this
study, there were four cases with aberrant bifurcation of the
biliary system. In three cases, the CD was bifurcated from
the right posterior branch (RPB) of the hepatic duct, while in
the remaining one, the CD was bifurcated from the lower
junction of the CBD. Aberrant bifurcation of the biliary

Table | Patients’ Characteristics

Abbreviations: PTGBD, percutaneous transhepatic gallbladder drainage; ENBD,
endoscopic nasobiliary drainage.

system was ultimately able to be detected after dissection
and before resection in all cases (Table 3).

Case Presentation

Patient |

A 28-year-old-man was admitted to our hospital to undergo
laparoscopic cholecystectomy for a GB stone. MRCP showed
the CD entering the RPB. ICG (2.5 mg/body) was adminis-
tered 1 hour before surgery in this case. As Calot triangular
separation was performed, the course of the bile duct was
confirmed by fluorescence. We recognized the CD running
from the RPD and CBD. The operation was performed safely
without misidentification of the anatomy (Figure 1).

Patient 2

A 42-year-old-woman was diagnosed with acute cholecys-
titis and admitted to our hospital for an emergency opera-
tion. MRCP showed the independent RPB entering the
CBD and the bifurcation of the CD from the independent
RPB. As we performed an emergency operation for acute
cholecystitis, the GB was full. The GB was punctured
during the operation to drain the contents and facilitate

Number 24 grasping. ICG (0.025 mg/mL) was then injected directly
Agely) 628 into the GB. The bifurcation of CD, RPB and CBD was
confirmed by fluorescence (Figure 2).
Sex (male/female) 14/10
ICG administration route
Intravenous injections 12 Table 3 Visualization of the Anatomical Abnormality of Biliary
PTGBD Tract with Intraoperative Cholangiography
Gallbladder puncture
ENBD | Aberrant Cases ICG Injection Detection of Biliary Structure
Root c c c
Operation time (min) 127 P BD HD
CD from RPB Intravenous Detected | Detected | Detected
Blood loss (g) 432
CD from RPB PTGBD Detected | Detected | Detected
Postoperative hospital stay (day) 4.6 Low junction of CD PTGBD Detected | Detected | Detected
CD from RPB Intravenous Detected | Detected | Detected
Comeplications (C-Dz2lIl) 0
Abbreviations: CD, cystic duct; CBD, common bile duct; CHD, common hepatic

duct; RPB, right posterior brunch; PTGBD, percutaneous transhepatic gallbladder
drainage.

Table 2 Visualization of the Biliary Tract with Intraoperative Cholangiography

ICG Injection Route Number of Patients ICG Dosage ICG Injection Timing Detection Rate (%)
CcD CBD CHD
Intravenous injection 12 2.5mg 60 min before surgery 83.3 83.3 83.3
GB injection 3 0.025mg During Surgery 100 100 100
PTGBD injection 8 0.025mg During Surgery 100 100 100
ENBD injection | 0.025mg During Surgery 100 100 100

Abbreviations: GB, gallbladder; PTGBD, percutaneous transhepatic gallbladder drainage; ENBD, endoscopic nasobiliary drainage; CD, cystic duct; CBD, common bile duct;

CHD, common hepatic duct.
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Figure | MRCP shows the cystic duct (CD) entering the right posterior branch (RPB) (A). The course of bile duct was confirmed by fluorescence after the intravenous
injection of ICG. The CD running from the RPB and common hepatic duct (CBD) was confirmed (B).

Figure 2 Case 2 MRCP shows the independent right posterior branch (RPB) entering the common hepatic duct (CBD), and the cystic duct (CD) branches off of the
independent right posterior branch (A). The CD was confirmed by fluorescence after the direct injection of ICG into the gallbladder (B).

Patient 3

A 42-year-old-man was found to have hepatocellular
carcinoma in segment 4 on preoperative CT. The
tumor was located near the left portal vein. We planned
to perform the S4 subsegmentectomy to preserve the
remnant liver function. This approach was required in
order to transect the liver parenchyma while avoiding
injuring the left Glissonian pedicle. During the transec-
tion of the liver parenchyma, the left Glissonian pedicle
was difficult to recognize, since it was compressed by
a huge tumor. Therefore, we identified the course of the
hilar bile duct via the fluorescence biliary road map
using ICG. The tumor was then completely resected
with a safe surgical margin using the fluorescence
image guidance. On the transection plane, no bile leak-
age was shown. The postoperative course was unevent-
ful, and the patient was discharged on the 11th
postoperative day (Figure 3).

Discussion

For hepatobiliary surgery, it is important to recognize the
accurate anatomy structures as the misidentification of the
anatomy can lead to serious complications. The confirmation
of the course of the biliary trees is needed to ensure safe
surgery. We herein report an overview of the current applica-
tion of ICG fluorescence during cholecystectomy and
hepatectomy.

ICG fluorescence imaging is widely used in various fields
such as for the identification of sentinel lymph nodes in several
malignancies, the evaluation of adequate perfusion after cardi-
ovascular grafting and hepatobiliary surgery."''"'¢ In 2008,
our team first showed that ICG fluorescence imaging was
extremely useful for clearly demarcating the liver segments
prior to anatomical liver resection.'® Subsequently, the efficacy
of NIFC for the identification of subcapsular hepatic tumors
and securing the surgical margin in hepatobiliary surgery was

widely reported.'>'*
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Figure 3 Case 3 The tumor was located by the left Glissonian pedicle (A). The common hepatic duct (CBD) and left hepatic duct were visualized by the injection of ICG
(B). The biliary structure was preserved and showed fluorescence after resecting tumor resection (C).

Ishizawa et al first demonstrated the effectiveness of

intraoperative cholangiography.'”

Being able to obtain
fluorescent images of the biliary tract without the need
for catheterization of the bile duct is extremely useful.
Over the last several years, the report on incisionless
NIFC has been consistently shown to increase the visuali-
zation and identification of extrahepatic biliary
structures.'''>182¢ Recently Dip et al reported the first
randomized trial comparing LC performed under white-
light imaging alone versus combined white and NIFC after
the intravenous injection of ICG dye.?” NIFC improves the
visualization of extrahepatic bile duct anatomy over white-
light alone. In most of our cases, the biliary tree was able
to be detected by ICG cholangiography. While this
included four cases with aberrant bifurcation of the biliary
system that was detected preoperatively, the operations
were performed safely, with abnormal bifurcation of the
biliary trees successfully recognized allowing for the
avoidance of bile duct injury. In our series with severe

inflammation or surrounding thick tissues, the course of

the CD was indistinct at first. However, it was gradually
revealed with fluorescence signal after Calot triangular
separation, and the bifurcation of the CD and CBD was
clearly observed. The main cause of bile duct injury during
LC was reported to be the misidentification of the biliary
anatomy,”* and aberrant bifurcation of the biliary system
was able to be identified before resection in all cases in
this study. NIFC was helpful in preventing bile duct injury,
especially in aberrant or severe inflammation cases.

In our series, the detection rate of CD, CBD and CHD
using NIFC with intravenous injection was 83.3% and the
accuracy rate of the identification of biliary structure by
NIFC was reported to be 96.9%, 75.7% and 52.3%,
respectively.”® In contrast, biliary structure with ICG injec-
tion into bile duct directly was able to be identified in all
cases in this study. Previous reports concerning fluores-
cence cholangiography with direct ICG injection into the
bile duct are summarized in Table 4.*73' One of the
advantages of this method over intravenous injection is
the ability to obtain a clear view of the biliary structure
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Table 4 Relevant Articles About Fluorescence Cholangiography with Direct ICG Injection into Biliary Tract

Study Number of ICG Identification Accuracy
Patients Dosage (%)
CcDh CBD CHD
Graves?® 2017 I 0.25mg 91.1% N.D. N.D.
Liu?® 2018 46 1.25mg 32.6% before 58.6% before dissection 45.6% before
dissection dissection
84.7% after dissection 78.2% after dissection 73.9% after dissection
Quaresima® 44 0.2mg 95.4% before 90.1% before dissection 90.1% before
2020 dissection dissection
95.4% after dissection 97.7% after dissection 97.7% after dissection
Skrabec®' 2020 20 0.5-0.75mg 80% 56% N.D.
Our cases 12 0.025mg 16.7% before 58.3% before dissection 58.3% before
dissection dissection
100% after dissection 100% after dissection 100% after dissection

Abbreviations: CD, cystic duct; CBD, common bile duct; CHD, common hepatic duct.

because of the absence of fluoresce noise from the liver.
The rate of the identification of the biliary tract for cases
with ICG direct injection in this study was better than that

. . . 28-31
described in a previous report,”*

possibly due to a lower
concentration of ICG being used and the avoidance of an
excessive fluorescent signal. NIFS with direct ICG injec-
tion was shown to be particularly effective especially for
patients who underwent PTGBD preoperatively for acute
cholecystitis. For patients who undergo ICG injection via
direct GB puncture, it is important to avoid dye spillage, as
this worsens the visibility of the operation field. In our
cases, we were able to keep the operation field clean by
closing the puncture site with surgical clips just after the
removal of the catheter to prevent dye spillage.
Intraoperative cholangiography with ICG fluorescence is
also useful for hepatectomy. NIFC is a good tool for perform-
ing real-time biliary navigation during hepatectomy, allowing
for the confirmation of the anatomy of the bile duct and
providing surgeons with spatial relationships between the bile
duct and surrounding tissues. In one of our cases, we needed to
preserve the left Glissonian pedicle, which was difficult to
recognize, since it was compressed by a huge tumor. We
were able to completely resect the tumor with a safe surgical
margin and preservation of the left Glissonian pedicle using the
fluorescence image guidance. For this particular case, NIFS
may also have been useful for real-time cholangiography,
demonstrating the biliary roadmap during hepatectomy.

NIFC has several potential advantages over conven-
tional radiographic cholangiography. The most important
point is to achieve overlay imaging of the biliary tract with
fluorescence in real-time during surgery. Surgeons can
then perform the operation using the fluorescence signal
as a guidance. This helps avoid misidentification of the
anatomy, which is the most common cause of bile duct
injury. Second, this technique is much more convenient
than conventional radiographic cholangiography, as it does
not need a large and expensive C-arm fluoroscopy
machine or workers to control it and can thus save time
and additional human resources. Finally, this is a safe
technique, as adverse events due to ICG administration
are rare.

However, one disadvantage of this method is the difficulty
in identifying biliary trees, especially in cases with severe
inflammation or thick tissue. In the present study, the course
of the bile tree was able to be confirmed in all cases by direct
injection into the biliary tract, whereas bile structures were
recognizable in 10 cases (83.3%) with intravenous injection.
Near-infrared light was reported to only be able to penetrate
tissue to a depth of about 5-10 mm." The biliary structure in
liver parenchyma or in cases covered by thick tissue is difficult
to visualize, so peeling back the surrounding tissue is required
to detect the fluorescence. Of note, the body mass index (BMI)
in our case where biliary structures could be detected was 30.4.
While some previous reports have suggested no relationship
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between the BMI and the identification of biliary structures
under fluorescent cholangiography,'® others have noted that all
patients in whose structures were not able to visualize were

obese. 3233

reported cases of intravenous injection, 2.5 mg/body of

Table 5 Relevant Articles About Fluorescence Cholangiography with IV Injection

Another issue with this method is that when intrave-
nous injection is chosen, there are no established standards
concerning the timing or concentration of ICG. In the most

Study Number of ICG Dosage Injection Timing Identification Accuracy (%)
Patients
cD CBD CHO
Ishizawa' 52 2.5mg 30 min before Surgery 100% before 96% before 100% after
2010 dissection dissection dissection
100% after
dissection
Aoki'? 2010 14 2.5mg 30 min before Surgery 71.40% 71.40% Not reported
Spinoglio® 45 2.5mg 3040 min before 93% before 91% before 88% before
2013 Surgery dissection dissection dissection
97% after 97% after 97% after
dissection dissection dissection
Daskalaki®? 184 2.5mg 45 min before Surgery 97.80% 96.10% 94%
2014
Larsen®* 35 0.05mg/kgBW After aneathesia 100% 100% 100%
2014 induction
Boni*® 12015 52 0.04mg/kgBW At least |5 min before 100% 100% 100%
Surgery
Osayi*® 2015 82 2.5mg 60 min before Surgery 56.1% before 37.8% before 35.4% before
dissection dissection dissection
95.1% after 76.8% after 69.5% after
dissection dissection dissection
van Dam?® 30 0.05mg/kgBW After aneathesia 33.3% before 66.7% before Not reported
2015 induction dissection dissection
96.7% after 86.7% after
dissection dissection
Dip'? 2016 71 0.05mg/kgBW | hour before Surgery 100% before 87.3% before 70.4% before
dissection dissection dissection
Diana®” 2017 54 0.1-0.4mg/kgBW 45-60 min before 98.20% 98.20% Not reported
Surgery
Liu*® 2018 46 1.25mg During Surgery 32.6% before 58.6% before 45.6% before
dissection dissection dissection
84.7%after 78.2% after 73.9% after
dissection dissection dissection
Dip? 2019 321 0.05mg/kgBW 45 min before Surgery 66.6% before 49.4% before 28.9% before
dissection dissection dissection
97.2% after 75.7% after 52.3% after
dissection dissection dissection
Abbreviations: CD, cystic duct; CBD, common bile duct; CHD, common hepatic duct.
Clinical and Experimental Gastroenterology 2021:14 https: 151
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Table 6 Visualization of the Biliary Tract with IV Injection

Detection Rate with ICG

Before Dissection (%)

Detection Rate with
White Light (%)

Detection After

Dissection (%)

Time to Detect After ICG Injection
(mm:ss)(Meant2SD)

CD 333 75
CBD 75 75
CHD 75 75

83.3 48:59+15:21
83.3 42:03+5:11
83.3 48:02+14:21

Abbreviations: CD, cystic duct; CBD, common bile duct; CHD, common hepatic

ICG was administered 30-60 minutes before surgery
(Table 5).!1%:19:23:27:2932°37 15 our present cases, 2.5 mg/
body of ICG was administered 1 hour before surgery
approximately. In this retrospective study, the interval
from intravenous administration of ICG to the detection
of each biliary structure was investigated in detail, and the
fluorescence signal from CD could be confirmed at 48.59
minutes, that from CBD at 42.03 minutes and that from
CHD at 48.02 minutes after the administration of ICG.
The CD could be detected in only 33.3% before ICG
injection. However, the CD, CBD and CHD were observed
in 75% of cases by ICG injection and NIFS imaging. After
dissection of the Calot triangle, the detection rate of the
biliary structures was 83.3% (Table 6). One reason for the
failed detection after dissection may have been because the
intravenously administered ICG had not yet been excreted
into the biliary system. Furthermore, the high degree of
fluorescence noise from the liver may have hampered the
identification of the biliary structure in these cases. Masaru
et al reported that the identification of the biliary tract
could be improved by performing ICG administration on
the day before the operation rather than just prior to
surgery.”® The ICG concentration and fluorescence inten-
sity do not always match. While there have been several
reports on ICG fluorescent cholangiography, standards
have yet to be established. A detailed examination of the
optimal dose and administration time should be conducted
in a future study.

To our knowledge, there have been no other reports
that evaluate the two methods of ICG administration—in-
travenous versus intrabiliary injection—at a single facility.

In the early 1990s, the Critical View of Safety (CVS)
technique for identification was introduced, which
greatly reduces the bile duct injury rate.** Though it is
essential to clearly identify the CVS, the initial dissec-
tion in the Calot triangle to confirm a clear view of CVS
is sometimes associated with a risk of bile duct injury
due to the misidentification of biliary structures, espe-

cially in cases with severe inflammation. However,

duct.

using NIFC, surgeons can perform the operation using
the fluorescence signal emitted by the biliary structures
for guidance. In our department, after the CVS was
confirmed, the gallbladder was dissected away from
the liver bed from the fundus down toward the CD.
The CD was identified and isolated in a 360°view of
the gallbladder—-CD junction. Furthermore, the biliary
structure was confirmed by NIFC before cutting off the
CD. Our procedure involving the combination of the
dome-down technique*® and NIFC is thought to be
a safe method that reduces the risk of bile duct injury
in cases with aberrant bifurcation of the biliary tract or
severe inflammation around the biliary tract.

Conclusion

ICG fluorescence image allows surgeons to visualize the
course of the biliary tree in real time during hepatobiliary
surgery. This is considered essential for preventing bile
duct injury and ensuring safety during cholecystectomy

and hepatectomy.

Abbreviations

LC, laparoscopic cholecystectomy; US, ultrasonography;
CT, computed tomography; MRCP, magnetic resonance
cholangiopancreatography; ICG, indocyanine green;
CBD, common bile duct; CD, cystic duct; NIFC, near-
infrared fluorescent cholangiography; GB, gallbladder;
ERCP, endoscopic retrograde cholangiopancreatographys;
ENBD, endoscopic nasobiliary drainage; PTGBD, percu-
taneous transhepatic gallbladder drainage; RPB, right pos-
terior brunch; BMI, body mass index; CVS, critical view
of safety.
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