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Surgery is the mainstay of treatment for resectable gallbladder cancer. Near-infrared

fluorescence (NIRF) imaging using ICG is an innovation in laparoscopic surgery,

which can provide real-time navigation during the whole operation. In this article, we

present a 56-year older woman with gallbladder cancer, in which we evaluated the

applicability of NIRF imaging using ICG for tumor and biliary tree visualization during

the operative procedure of gallbladder cancer. The tumor and biliary tree were clearly

visualized by utilizing a green fluorescence dye. The patient was successfully operated

radical resection of gallbladder cancer under fluorescence laparoscope, without any

complications. According to this case, the utilization of ICG based NIRF imaging is

feasible and beneficial in identifying tumors and the biliary tree during radical resection. It

can assist in the achievement of a negative margin and lymphatic clearance around the

biliary tree. However, further studies are needed to corroborate the results of this case.

Keywords: near-infrared fluorescence, indocyanine green, gallbladder cancer, fluorescence laparoscope, case

report

INTRODUCTION

Gallbladder cancer (GBC) is a rare malignant tumor with a poor prognosis. GBC is the most
common cancer arising from the biliary tract. The incidence of GBC is geographically variable, with
high rates in South American countries, particularly Chile, Bolivia, and Ecuador, as well as some
areas in India, Pakistan, Japan, and Korea (1, 2). In recent years, the incidence of gallbladder cancer
showed an increasing tendency in the young generation. Surgery is the mainstay treatment for
resectable GBC. Radical resection of GBC is a complex surgery whose procedure includes radical
resection of the gallbladder, partial liver resection, and regional lymphadenectomy. The critical
point of GBC surgery is to remove all lesions as much as possible while keeping an adequate
remnant liver. However, it is challenging during surgery to estimate the extent of resection,
the adequacy of surgical margin as well as the lymphatic clearance around the porta hepatis.
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FIGURE 2 | Visualization of the tumor and biliary tree under real-time NIRF imaging. (A,B) Pale green fluorescence detected in the extrahepatic biliary tree (arrow). (C)

Green fluorescence accumulated into the gallbladder bed (arrow). (D) Residual green fluorescence observed after wedge liver resection (arrow). (E) Resected

gallbladder and liver under the natural light. (F) Dense green fluorescence of the opened gallbladder under the NIFR imaging.

FIGURE 3 | Histologic features in gallbladder adenocarcinoma and liver sections. (A, B) Stromal infiltration of gallbladder adenocarcinoma. (A) Atypical glands were

observed in a low to moderately differentiated gallbladder adenocarcinoma (A, H&E, ×40). (B) Distorted glands invaded the muscularis propria layer of the gallbladder

(B, H&E, ×100). (C,D) Vascular invasion in gallbladder adenocarcinoma. (C) part of the dysplastic glands were sieve-like with mucus (C, H&E, ×40). (D) Dysplastic

glands invaded the vascular walls (D, H&E, ×100). (E,F) A large number of lymphocytes infiltrated in the portal area of the liver; milder hepatic steatosis was observed

in some areas (E, H&E, ×40; F, H&E, ×100).

are severe inflammatory adhesions or anatomical distortion,
especially in case of reoperation for postoperatively diagnosed
GBC. This suggested that the timing of ICG administration
should be optimized or a better protocol was needed to enhance
the imaging of extrahepatic biliary tree. For example, the protocol
of twice administrations can be utilized that an additional ICG
administration is performed close to the beginning of operation

due tomost of ICGs excrete through the bile duct 30–60min after
intravenous injection.

On the other hand, intraoperative imaging of the tumor also
provides critical guidance for operative procedures. First, tumor
imaging ensured that the tumor-free operation principle has
well adhered during resection of the tumor. With the aid of
NIRF imaging, tumors with real-time green fluorescence can
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FIGURE 4 | The timeline of patient information.

be easily identified, and thus unnecessary intraoperative tumor
contact can be avoided. Second, the accumulation of green
fluorescence in the gallbladder bed helped determine the extent
of liver resection. To date, wedge liver resection is generally
recommended for early liver invasion. However, there is some
controversy over the extent of wedge resection. In different
institutions, the liver resection extent varied from 1 to 5cm
distance between tumor and resection margin (17–22). For
the determination of wedge liver extent, the most important
parameter is to identify the tumor boundary. In many cases,
identifying the tumor boundary is not easy in normal vision
because liver metastasis is sometimes small or located inside
the liver. For instance, during the first reported laparoscopic
radical cholecystectomy of GBC, the medical transection line was
determined based on the surgeon’s subjective judgment when
performing a wedge resection of the gallbladder bed; however,
the medial margin along segment IVB was found to be positive
on frozen section analysis, which ended up leading the surgeon to
perform a second transection operative procedure (23). Although
NIR fluorescence along the gallbladder bed can also result from
local bile stasis caused by the surrounding gallbladder tumor, we
still suspected our case more of the possibility of liver invasion
due to positive findings of the same location in preoperativeMRI.
Thus, the boundary of liver invasion was determined based on
the fluorescence imaging technology, and wedge liver resection
with a 2 cm margin from the boundary was performed. After
liver wedge resection, local fluorescence accumulation was still
observed in the section of the preserved liver, indicating possible
tumor residue. Subsequently, an additional lesion resection was
added to assure a completely negative margin. However, the
postoperative pathological report revealed some unexpected
results. There were no tumor extensions identified in the liver.
After discussing with the pathologist, we reached a consensus
that the patient had a strong possibility of liver tumor extension
although it is not identified from the pathological sections likely
due to small lesions. Therefore, a reasonable explanation can
be given that local micro invasion of cancer cells damaged the
local duct for the excretion of ICG, causing the liver surface-
accumulated fluorescence. If this is the truth, it suggested that the

fluorescence imaging technique has a good sensitivity to detect

GBC, even to microlesions. However, we also can’t neglect the
false-positive possibility of NIRF imaging in detecting tumor
cells. The fluorescence accumulation in the liver may come
from local bile stasis that had no direct relationship with tumor

extension. In some reports regarding the detection of metastatic
or primary tumor with intraoperative NIRF imaging, sensitivity
varied from 72.4 to 100%, false positive rate from 0 to 45.8%
(24, 25). The occurrence of false positives suggested that it was
hard to distinguish the fluorescence coming from real cancer
or other conditions. Interventions for fluorescence imaging-
identified tumors should be performed with caution, especially
when false alarms can cause severe consequences.

The operation of this patient was smoothly performed,
and it lasted for 2 h which is shorter than the operative
time of conventional laparoscopic or open radical gallbladder
surgery (26–29). The estimated blood volume was comparable
to similar reports (14). The previous report showed that
the rates of iatrogenic bile duct injuries during laparoscopic
cholecystectomy is about 0.2–0.4% (30, 31). In the reported case,
no intraoperative and postoperative complications were observed
during her treatment course. In addition, the advantages of
minimally invasive operation, including less trauma and rapid
recovery, made the patient have a good performance status to
receive subsequent therapy smoothly. This case showed great
success with support from the intraoperative visualization by
NIRF imaging.

In conclusion, this case provides a preliminary attempt of
employing ICG based NIRF imaging for tumor and biliary tree
visualization in gallbladder cancer surgery. Our experience from
this case indicated that using ICG-based NIRF imaging appeared
to be advantageous and safe in complex minimally invasive
surgeries. It can assist in the achievement of negative margin and
lymphatic clearance around the biliary tree during the radical
resection process of gallbladder cancer surgery. However, it
should be careful when adapting these results to other patients
due to the limitations of single case studies. More studies on large
samples are needed to further corroborate our results.
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