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Cystic duct variation detected by near-infrared
fluorescent cholangiography during laparoscopic

cholecystectomy

Nam Seok Kim, Hyeong Yong Jin, Eun Young Kim, Tae Ho Hong

Department of Hepatobiliary and Pancreas Surgery, Seoul St. Mary's Hospital, College of Medicine, The Catholic University of

Korea, Seoul, Korea

Near-infrared fluorescent cholangiography (NIRFC) is an emerging technique for easy intraoperative recognition of biliary
anatomy. We present a case of cystic duct variation detected by NIRFC which had a potential risk for biliary injury if not
detected. A 32-year-old female was admitted to the Seoul St. Mary’s Hospital for surgery for an incidental gallbladder
polyp. We performed laparoscopic cholecystectomy with NIRFC. In fluorescence mode, a long cystic duct and an accessory
short hepatic duct joining to the cystic duct were found and the operation was completed safely. The patient recovered
successfully. NIRFC is expected to be a promising procedure that will help minimize biliary injury during laparoscopic

cholecystectomy.
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INTRODUCTION

Laparoscopic cholecystectomy is one of the most frequently
performed operations globally. Bile duct injury that could lead
to serious complications, such as biliary sepsis, remains an
unsolved problem for the surgeon. The incidence of biliary
injury has remained steady at 0.15%-0.6% [1]. In most cases,
misinterpretation of biliary anatomy is the main cause of
the iatrogenic biliary injury. The incidence of aberrant bili-
ary anatomy, which hinders location of the ligation point
and compromises safety, has been reported in up to 23% of
cases. Several studies reported that 34%-49% of surgeons
could experience a bile duct injury during their career [1,2].
Therefore, many efforts have attempted to reduce the risk of
biliary injury, such as meticulous dissection of Calot triangle
for critical view of safety, preoperative magnetic resonance
cholangiopancreaticography (MRCP), intraoperative cholan-

giography (IOC) and laparoscopic ultrasonography (LUS) [3-5].

NIRFC after intravenous (IV) injection of indocyanine green
(ICG) has been suggested as an alternative technique for easy
intraoperative recognition of biliary anatomy. Previous studies
have shown the feasibility of NIRFC for safe exploration of
biliary anatomy. It provides the real time assessment of extrahe-
patic biliary anatomy and can be done quickly without radiation
exposure [6].

Herein, we present a case of cystic duct variation found by
NIRFC having a possibility of biliary injury during dissection of
Calot triangle. We review the relevant literature concentrating
in particular on the clinical efficacy of fluorescent cholangio-

graphy.

CASE REPORT

A 32-year-old female was admitted to Seoul St. Mary's
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Hospital for surgery on a gallbladder polyp that was incidentally
diagnosed during a periodic examination. The physical
examination revealed no abnormal findings. Laboratory results
were all within normal limits. Abdominal ultrasonography
revealed a gallbladder polyp. Informed consent was obtained
prior to the operation and laparoscopic cholecystectomy with
NIRFC was performed

In the operating room, a single dose of ICG (0.05 mg/kg) was
injected IV one hour prior to making a surgical incision. We
used a specially designed laparoscopic system for fluorescence
imaging (KARL STORZ Near Infrared System, Tuttlingen,
Germany). Under general anesthesia, a 10-mm trocar was in-
serted through the umbilicus. The patient was positioned to
reverse Trendelenburg with left tilting, Establishment of pneu-
moperitoneum was executed and intraabdominal pressure
was applied and maintained at 12 mmHg during the operation.
Two other trocars were introduced under direct visualization at
the right flank and epigastric areas. The gallbladder was then
visualized, grasped and elevated to expose Calot triangle. Before
dissection of the Calot triangle, the display mode was altered
to the fluorescent imaging. A long cystic duct was fluorescent

(Fig. 1). Dissection progressed carefully after the display mode
was changed to conventional imaging (Fig. 24). Before ligation
of the cystic duct, the display mode was changed to fluorescent
imaging for confirmation of the anatomic variation. Then ano-
ther tubular structure was fluorescent imaged. Partial dissec
tion of Calot triangle was performed carefully. After the fluo-
rescence mode was applied again, the accessory hepatic duct
joining the cystic duct was observed (Fig. 2B and C). The cystic
duct was ligated using a metallic clip with the preservation of
the patency of the accessory hepatic duct joining to the cystic
duct.

The operation time was 15 minutes. The patient was able to
eat a soft diet on postoperative day 1. Postoperative laboratory
tests were all within the normal limits and the patient was
discharged on postoperative day 2. Final histopathologic report
revealed cholesterol polyps. After a week the patient showed a
tolerable status without any complications.

DISCUSSION

The incidence rate of bile duct injury during cholecystectomy

Fig. 1. (A) Intraoperative anato-
mic view. (B) Long cystic duct
found by fluorescent intraopera-
tive cholangiography after intra-
venous injection of indocyanine
green.

Fig. 2. (A) Intraoperative identifi-
cation of biliary structures with
conventional mode (arrow).
(B) Near-infrared fluorescent
cholangiography reveals the
accessory hepatic duct joining
to the cystic duct (arrow). (C) A
schematic diagram depicting the

anomaly we experienced.
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has not changed for several decades. In 1995, Strasberg [7] first
suggested a strategy called critical view of safety to minimize
the risk. However, the critical view of safety was too difficult
to routinely use for safety during dissection of Calot triangle
and surgery took a long time. Therefore, a number of novel
methods have been introduced to prevent such injuries. I0C
during laparoscopic cholecystectomy has shown promising
results in decreasing incidence of biliary injury. Regardless of
this advantage of 10C, its' routine use remains controversial
because of limitations that include radiation exposure, in-
creased operative time and technical difficulties [3]. Although
LUS has been considered, it is not routinely used because of its
inaccuracy and lengthy learning curve [4]. Preoperative MRCP
is seldom used for confirmation of anatomic variation due to
increased cost.

Recently, NIRFC after IV injection of ICG has been presented
as a safe and the effective technique that enables the real-time
visualization of the biliary anatomy during laparoscopic chole-
cystectomy. ICG is swiftly removed from the blood by the liver
with a plasma half-ife of 3-5 minutes and is excreted into
the bile within 10-15 minutes of administration. It emits light
with a peak wavelength of 800-810 nm that can be displayed
on a fluorescence imaging system. The display mode can be
interchanged between conventional and fluorescence imaging
in real-time. Several advantages of the approach include real-
time visualization, time-saving and lack of radiation exposure.
NIRFC may also be less expensive to perform compared to IOC,
with a reported average cost of $778 for IOC, compared to $14.10
for NIRFC [8].

From the surgical point of view, NIRFC after IV injection of
ICG is a very attractive tool for reducing biliary injury. With this
technology, the biliary anomaly was found to be much better
than conventional laparoscopic system during the dissection of
Calot triangle. In this case, by using NIRFC, we could recognize
the accessory hepatic duct to joining the cystic duct during
dissection of Calot triangle and prevent the unexpected biliary
injury. NIRFC provided additional information about the
biliary anatomy during surgery and helped to lessen the risk of
iatrogenic biliary injury.

However, NIRFC during laparoscopic cholecystectomy has
some limitations. First, the tissue penetration capability of
near-infrared light is limited to 5-10 mm. Thus, the detection
rate of biliary structure is low in cases featuring abundant
fatty tissue or severe inflammation around the gallbladder and
Calot triangle. A previous study reported that the identification
rate before dissection of Calot triangle in noninflammatory
status differed from acute cholecystitis [6]. In the absence of
inflammation, the rate of identification of the cystic duct,
common hepatic duct and common bile duct (CBD) was 93%,
88%, and 91%, respectively. In comparison, the identification
rate in patients with acute cholecystitis was 91.6%, 75%, and
79.1% in the same respective order. This highlights the necessity
of additional methods to enhance the rate of successful
identification. In a bid to minimize the risk of biliary injury,
some articles have reported that direct injection of ICG into
the gallbladder improves visualization of biliary structures [9].
Second, in contrast to IOC, NIRFC is not sufficient to detect
CBD stones in most cases because the fluorescent light cannot
be detected from the intrapancreatic portion of CBD and the
refraction of light could confuse determination of small CBD
stones. Thus, patients with suspected CBD stones should receive
an additional examination, such as preoperative MRCP. Finally,
although ICG has been generally reported to be safe, some
cases of anaphylactic reaction following ICG administration
have been reported [10]. Therefore, in cases of NIRFC after IV
injection of ICG, the surgeon should use a proper amount (0.05
mg/kg) and the patient must be monitored for allergic reaction.

Regardless of these limitations, NIRFC during laparoscopic
cholecystectomy could be a safe and effective procedure that
enables the real-time visualization of the biliary anatomy.
We expect that it could help to avoid biliary injury during
laparoscopic cholecystectomy.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was
reported.

REFERENCES

1. Flum DR, Cheadle A, Prela C, Dellinger EP,
Chan L. Bile duct injury during cholecys-
tectomy and survival in medicare benefi- 58.
ciaries. JAMA 2003:290:2168-73.

2. Archer SB, Brown DW, Smith CD, Branum
GD, Hunter JG. Bile duct injury during la-

paroscopic cholecystectomy: results of a
national survey. Ann Surg 2001;234:549-

3. Khan OA, Balaji S, Branagan G, Bennett
DH, Davies N. Randomized clinical trial of
routine on-table cholangiography during

laparoscopic cholecystectomy. Br ] Surg
2011;98:362-7.

4. Rothlin MA, Schob O, Schlumpf R,
Largiader F. Laparoscopic ultrasonography
during cholecystectomy. Br ] Surg 1996;
83:1512-6.

Annals of Surgical Treatment and Research

49



50

Annals of Surgical Treatment and Research 2017;92(1):47-50

5. Sureka B, Bansal K, Patidar Y, Arora A.

Magnetic resonance cholangiographic
evaluation of intrahepatic and extrahe-
patic bile duct variations. Indian ] Radiol
Imaging 2016:26:22-32.

. Boni L, David G, Mangano A, Dionigi

G, Rausei S, Spampatti S, et al. Clinical
applications of indocyanine green (ICG)
enhanced fluorescence in laparoscopic
surgery. Surg Endosc 2015;29:2046-55.

7. Strasberg SM. Avoidance of biliary injury

during laparoscopic cholecystectomy. ]
Hepatobiliary Pancreat Surg 2002:9:543-7.

. Dip FD, Asbun D, Rosales-Velderrain

A, Lo Menzo E, Simpfendorfer CH,
Szomstein S, et al. Cost analysis and effec
tiveness comparing the routine use of
intraoperative fluorescent cholangiogra-
phy with fluoroscopic cholangiogram in
patients undergoing laparoscopic chole-
cystectomy. Surg Endosc 2014;28:1838-43.

0. Liu YY, Kong SH, Diana M, Legner A, Wu

10.

CC, Kameyama N, et al. Near-infrared
cholecysto-cholangiography with indo-
cyanine green may secure cholecystec-
tomy in difficult clinical situations: proof
of the concept in a porcine model. Surg
Endosc 2016;30:4115-23.

Speich R, Saesseli B, Hoffmann U, Neftel
KA, Reichen J. Anaphylactoid reactions
after indocyanine-green administration.
Ann Intern Med 1988;109:345-6.



