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The right area and posterior area of the liver are considered relatively unfavorable portions for laparoscopic
hepatectomy (LH) due to the limited gross inspection and poor tactile feedback. Fusion indocyanine green fluo-
rescence fusion imaging (ICGFI) may be a reliable real-time navigation tool for LH. The aim of the present study
was to evaluate the usefulness of ICGFI for laparoscopic non-anatomical hepatectomy in patients with hepa-
tocellular carcinoma at the right area and posterior area.

We conducted a retrospective comparison of surgical and perioperative outcomes for 21 hepatocellular carci-
noma patients who had undergone LH with fusion ICGFI guidance and 21 matched patients who underwent
the procedure without the guidance of ICGFI between November 2017 to August 2018.

Preoperative characteristics were comparable between the groups. Tumor fluorescence images were clearly
displayed in all 21 ICGFI patients, providing precise information about tumor location. Laparoscopic parenchy-
mal transection could be performed safely and quickly through tracing the fusion ICGFI on the cutting surface.
Operation time was significantly reduced in the ICGFI group. Postoperative complications were comparable be-
tween the groups. There was no positive margin in either group.

These preliminary data suggest that fusion ICGFI may be a useful tool that provides real-time navigation for
non-anatomical LH. It may assist in the safe and accurate completion of LH for tumors located at the right
posterior areas. Further studies are needed to fully clarify the advantages and disadvantages of ICGFI in LH,
including short-term perioperative outcomes and long-term prognosis.
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Background

Laparoscopic hepatectomy (LH) is widely accepted and rou-
tinely performed worldwide in selected candidates. While an-
atomical liver resection is the recommended method, non-an-
atomical resection is also performed [1]. Due to the lack of a
complete hepatic overview and tactile feedback during laparo-
scopic hepatectomy (LH), extreme care must be taken around
the margins [2]. The disadvantages are more obvious for tu-
mors in right and posterosuperior areas (segments 6-8) due
to the limited visualization and the difficulty of handling the
laparoscopic devices.

During non-anatomical laparoscopic hepatectomies (LHs),
accurate localization of the tumor is critical in order to achieve
clear margins. Intraoperative laparoscopic ultrasound (IOUS)
can be helpful, but it is not real-time. An indocyanine green
(ICG)-based fluorescence fusion imaging (ICGFI) technique
was recently developed to safely enable truly real-time views
of liver lesions during hepatectomies [3-5]. Recent studies
have described the application of fusion indocyanine green
fluorescence imaging (ICGFI) in liver surgery, reporting that
it showed great potential with regard to real-time navigation
for hepatectomy [5-8]. Herein, we report our preliminary ex-
perience with the application of fusion ICGFI during non-ana-
tomical LHs. We focused on hepatocellular carcinomas (HCCs)
of the right posterior areas, and we also retrospectively com-
pared fusion ICGFI-guided LHs with procedures utilizing IOUS
guidance alone in a matched cohort.

Material and Methods

Administration of ICG

To provide a fluorescent source, ICG was injected intravenously
at a dose of 0.25 mg/kg body weight 3-5 days before surgery.
According to our experience, injection of ICG at a dose of 0.25
mg/kg 3-5days before surgery is associated with the highest
success rate and the best visualization effect. Fusion ICGFI was
obtained using the PINPOINT™ imaging system (NOVADAQ,
Toronto, Canada). The details of this system have been de-
scribed in previous reports [7].

Patients

Fusion ICGFl was used in 21 consecutive HCC patients under-
going LH for tumors in right posterior areas at Guangdong
General Hospital in China from November 2017 to August
2018. The 21 cases were individually matched at a 1: 1 ratio
to patients who underwent LH with I0US guidance alone be-
tween January 2015 and October 2017. Sex, hepatitis back-
ground, age (+5 years), tumor size (+0.5 cm), tumor number,
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tumor segment, tumor depth (£0.5 cm, measured in CT or MRI
images), and the chief surgeon were matched. For tumors of
ICG cases adjacent to major vessels (0.5 cm from the trunk
of hepatic veins, or the first branches of right portal vein), the
relationships with major vessels were also matched (<0.5 cm
from the same vessels). When more than 1 control patient was
matched, the best-matched case according to operation diffi-
culty was selected through discussion by 3 experienced lapa-
roscopic surgeons (Ye Lin, Haosheng Jin, and Baohua Hou). The
study was approved by the Medical Ethics Review Committee
of Guangdong General Hospital.

Statistical analysis

The perioperative outcomes in the 2 groups were statisti-
cally analyzed and compared using SPSS version 24.0 (IBM,
Armonk, NY). Data are reported as medians and ranges. The
chi-square test was used to compare categorical variables and
the Mann-Whitney U test or paired-samples t test was used
to compare continuous variables, and p<0.05 was considered
statistically significant.

Results

Clinical characteristics and perioperative outcomes in the
2 groups are summarized in Table 1. Preoperative character-
istics were comparable between the 2 groups. We found that
operation time was significantly reduced in the ICGFI group.
Postoperative complications were comparable between the
groups, and there were no positive margins in either group.

Tumor fluorescence images were clearly displayed in all 21
ICGFI patients, providing precise information about tumor lo-
cation. Two exemplar case reports are presented, and videos
depicting these 2 representative cases are attached.

Patient 1 (Video 1)

A 68-year-old man with hepatitis B virus (HBV) was detected
by preoperative CT and MRI to have an irregular tumor in seg-
ment 8 measuring 5.5x5.0 cm in diameter (Figure 1A). ICG was
injected intravenously at a dose of 0.25 mg/kg body weight
5 days before surgery. A small area of ICGFI was detected on
the liver surface. No other superficial ICGFI were found. The re-
section line on the surface of the liver was marked using mo-
nopolar electrocautery after IOUS scanning. The parenchyma
was dissected with ultrasonic scalpel. As the parenchymal
transection proceeds, ICG fluorescence appeared on the tran-
section surface, and we were thus able to confirm the intra-
parenchymal boundary by observing ICG fluorescence on the
cut surface (Figure 1B). We kept ICG fluorescence localized
on the cut surface of the resected part during liver resection.
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Table 1. Clinical characteristics and perioperative outcomes of the 20 matched patients.

Variables

Age years (260/<60)

Minimal margin width mm (n, median, range)

ICGFI group 10US group P
(n=21) (n=21)

5/16 5/16 1.000*
"""""" 156 1s/6 1000
o1s,714% 15,714% 1000
"""" 9,429%  9,429%  1000°
1m0 130 0 1000
310855 320255 0881*
1 10 1000*
"""""""""""""""""""""""""""""""""""""""""""" 1000*
,,,,,,,,,,,,, sy
77 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,, L
o
o a,1006 - -
180 (150-330) 210 (135-375) 0038
""" 50(10-500) 50 (10-700) 0610
""""" 0%  00% -
""""" 00%  00% -
""""" 00%  1,48%  1000°
""""" 00%  00% -
""""" o 20 o7
2,100 21,100 1000*
2,100 21,100% 1000
 70(30-110)  80(0-150) | 0180"

* Fisher’s exact test; # paired-sample t test. ICGFl — indocyanine green fluorescence imaging group; I0US — intraoperative ultrasound;
HBsAg — hepatitis B surface antigen; HBV — hepatitis B virus; cm — centimeter; min — minute; ml — milliliter.

With the guidance of ICGFI, the operation allows fluent execu-
tion. The tumor was removed with a safe margin (Figure 1C).

Patient 2 (Video 2)

A 70-year-old man with HBV cirrhosis was detected by CT and
MRI to have a tumor located between hepatic segment 5 and
segment 6. The tumor was small (2.1x1.8 c¢m) (Figure 1D).
Because the tumor was deep, no clear-formed ICG fluores-
cence was detected on the liver surface. IOUS was routinely
used to localize the tumor. The parenchyma was dissected.
We observed weak fluorescence on the cutting surface due to
ICG retention in the liver parenchyma. Clear ICG fluorescence

appeared during parenchymal transection (Figure 1E), which
provided information about the precise location of the tumor.
Because the tumor was adjacent to major vessels, the ICG flu-
orescence margin was compromised in order to preserve those
vessels, and a little ICG fluorescence was left on the residual
liver. The tumor was removed with a safe margin (Figure 1F).

Discussion

ICG fluorescence facilitates the identification of tumors by en-
abling the visualization of impaired biliary excretion of ICG
around tumor tissues. It is important to highlight that the border
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Figure 1. (A) Preoperative magnetic resonance imaging of
patient 1 reported 2 irregular tumors adjacent to each
other (5.5x5.0 cm in total diameter) at segment 8.
(B) Clear ICG fluorescence was observed around the
tumor boundary during the operation for patient 1.
(€) The gross view of the tumor sample from patient 1.
(D) Preoperative magnetic resonance imaging of patient
2 reported a 2.1x1.8 cm tumor located between hepatic
segment 5 and segment 6. The tumor was 5 mm away
from the right posterior branch of right portal vein (white
arrow). The follow-up CT scan at first month revealed a
residual cavity adjacent to the right posterior branch of
right portal vein (black arrow). (E) Clear ICG fluorescence
on the parenchymal cutting surface of patient 2. (F) The
gross view of the tumor sample from patient 2.
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Video 1. Video of surgical procedure for patient 1.

of ICG fluorescence does not equal the boundary of the tumor,
as it is wider than the tumor margin [9,10]. Therefore, this mech-
anism ensures a safe margin, provided that fluorescence can
be kept localized in the resected liver. Based on our preliminary
experience, the main clinical benefit of ICGFI in non-anatomi-
cal LH is the real-time visualization of safe boundaries, which
is highly beneficial in the management of deep lesions or those
located in unfavorable regions. In the current study, no visible
fluorescence at the residual liver could ensure a surgical margin
of at least 6 mm, which is slightly less than the >8-mm margin
reported previously, but it is in accordance with the 5-10-mm
tissue penetration depth of ICG fluorescence [11,12]. Further re-
search is needed to provide more data about the minimal mar-
gin width in ICGFI-guided tumorectomies. Also, we must add
that not all non-anatomical LHs can be performed completely by
tracing the ICG fluorescence margin alone. As in the Patient 1,
margin width is usually compromised due to the need to pre-
serve vessels, and this also applies to IOUS-guided resections.

Clinical application of the PINPOINT™ imaging system for lap-
aroscopic liver resection has been reported in a few studies.
Takahashi et al. [8] reported their initial experience and the po-
tential utility of ICG during liver surgery. They investigated the ef-
ficiency of ICGFI in detecting superficial tumors and found ICGFI
was a good adjunct to ultrasound in demonstrating superficial
lesions, and ICGFI also could provide real-time feedback to the
surgeon about the margins of superficial tumors for resection or
ablation. Terasawa et al. [7] evaluated the usefulness of fusion
ICGFI in 41 patients who received laparoscopic hepatectomy,
and the results revealed that fusion imaging enhances the fea-
sibility of intraoperative ICGFI in identification of hepatic tumors
and segmental boundaries. Ueno et al. [6] reported their expe-
rience in ICGFl-guided segmental hepatectomy in 5 cases by
using a novel technique in which the ICG was injected into the
artery of the target segment through a catheter inserted from
the right femoral artery in a hybrid operating room.
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Video 2. Video of surgical procedure for patient 2.

The previous reports mostly focused on the visualization effect
and reliability of fusion ICGFI in superficial lesions and segmen-
tal staining [7,8]. In addition, in the previous reports, the sizes
of lesions for tumorectomy or partial hepatectomy were usually
small on average, and the locations of lesions were distributed
from segment 1 to segment 8 [7]. Laparoscopic left lateral lobec-
tomy has become a routine procedure, and tumorectomy for le-
sions of the left lobe is a relatively easy procedure [11,13]. Here,
we focused on ICGFl-guided tumorectomy or partial hepatec-
tomy for tumors of the right posterosuperior areas. The tumor
sizes of our present study were relatively large, and we included
both superficial and deep lesions. Through the surgical details
provided in our attached operation videos, we found that fusion
ICGFI was a good navigational tool that provides information on
tumor location and boundaries during parenchymal transection.
For deep tumors, the ICGFI can provide clear navigation informa-
tion that makes the transection surface easier to control, with-
out the need for repeated I0US scanning. We also compared the
safety and efficacy between fusion ICGFI-guided liver resection
and I0US-guided liver resection. We found that, with the help of
fusion ICGFI, the tumorectomy for tumors of right posterosuperior
areas could be performed more efficiently and with safe margins.

Notably, I0US is still necessary. Because the tissue penetra-
tion depth of ICG-emitted fluorescence is only approximately
5-10 mm, I0US scanning should be routinely performed to
identify the tumor location before liver resectioning. The mar-
gin widths were comparable in the 2 groups in the present
study, given that the cases were carefully matched and that
we did not intentionally seek a margin >1 cm in these cases.
However, accumulating evidence suggests that a wide surgi-
cal margin can significantly improve the prognosis in patients
with HCC. Under this requirement, ICG can be used concur-
rently to avoid positive margins arising due to error, and IOUS
is still necessary because the tissue penetration depth of ICG-
emitted fluorescence is only approximately 5-10 mm.
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Our department is an experienced high-volume center for LH. All
control cases were operated on within the last 3 years — a pe-
riod after which LH technology had become firmly established
and laparoscopic procedures for tumors in right posterior su-
perior areas had become routine. Therefore, aspects of our re-
sults such as the reduction of operation time in the ICGFI group
were not due to a learning curve effect. On the other hand, ex-
cept for the significant difference in operation time, other out-
comes were similar between the 2 group of patients. Although
we found ICGFl is a useful navigation tool to avoid positive mar-
gins, the RO resection rate was 100% in both groups. The equal
RO rates of these groups were mainly due to our sufficient ex-
perience in laparoscopic liver resection and the relatively small
sample size of the current study. Further studies with larger sam-
ple sizes are need to learn more about the perioperative advan-
tages and long-term outcome of ICGFl-guided LH.

For anatomical segmental hepatectomies, the ICG is usually
injected either intravenously after clamping the Glissonian
sheaths flowing in the cancer-bearing hepatic segment, or di-
rectly into the vessel branches supplying blood flow to the
tumor-bearing hepatic segment [5,6]. But for tumor imaging,
the ICG should be administered intravenously prior to the op-
eration. The time between ICG administration and surgery
should not be too long or too short. An inadequate interval
can lead to ICG retention in normal liver tissues, but the tu-
mor imaging will be too weak or even disappear after a long
interval. The optimal regimen of ICG administration for intra-
operative cancer imaging has not been established. In their
initial experiences with fusion ICGFI in hepatectomy with the
use of the PINPOINT™ imaging system, Terasawa et al. [7] in-
jected ICG intravenously at a dose of 0.5 mg/kg within 2 days
before surgery, Takahashi et al. [8] injected 7.5 mg ICG 2 days

References:

—

. Wakabayashi G, Cherqui D, Geller DA et al: Recommendations for laparo-
scopic liver resection: A report from the second international consensus
conference held in Morioka. Ann Surg, 2015; 261(4): 619-29

. Kawaguchi Y, Velayutham V, Fuks D et al: Operative techniques to avoid near
misses during laparoscopic hepatectomy. Surgery, 2017; 161(2): 341-46

N

w

. Diana M, Soler L, Agnus V et al: Prospective evaluation of precision multi-
modal gallbladder surgery navigation: virtual reality, near-infrared fluores-
cence, and X-ray-based intraoperative cholangiography. Ann Surg, 2017;
266(5): 890-97

. Kawaguchi Y, Nagai M, Nomura Y et al: Usefulness of indocyanine green-flu-

orescence imaging during laparoscopic hepatectomy to visualize subcapsu-
lar hard-to-identify hepatic malignancy. J Surg Oncol, 2015; 112(5): 514-16

. Nishino H, Hatano E, Seo S et al: Real-time navigation for liver surgery using
projection mapping with indocyanine green fluorescence: Development of the
novel medical imaging projection system. Ann Surg, 2018; 267(6): 1134-40

IS

w

[=2)

. Ueno M, Hayami S, Sonomura T et al: Indocyanine green fluorescence im-
aging techniques and interventional radiology during laparoscopic anatom-
ical liver resection (with video). Surg Endosc, 2018; 32(2): 1051-55

. Terasawa M, Ishizawa T: Applications of fusion-fluorescence imaging using

indocyanine green in laparoscopic hepatectomy. Surg Endosc, 2017; 31(12):
5111-18

~

CLINICAL RESEARCH

before surgery. In our experience, injection of ICG at a dose of
0.25 mg/kg 3-5 days before surgery was associated with the
highest success rate and the best visualization effect. If the
time interval exceeded 7 days, the ICG fluorescence of liver
tumors might disappear. Further study is still needed to de-
termine the optimal regimen of ICG administration, especially
in patients with impaired liver function.

Although the current study was focused on non-anatomical
hepatectomy, it is notable that the guidance of anatomical
hepatectomy is an essential application for ICG [5,7,14]. When
the laparoscopic Glissonian approach is used, ICG is usually
injected intravenously after clamping the Glissonian sheaths
to exclude the anatomical segment. The intersegmental tran-
section plan can be clearly displayed via segmental mapping
with ICG. Other techniques to establish segmental ICG staining
have also been reported [6]. Segmental mapping with ICG ap-
pears to be a promising technique in anatomical LH.

Conclusions

Fusion ICGFl is a helpful real-time navigation tool for the iden-
tification of tumors and boundaries during non-anatomical LH,
but a single application of ICGFI has the clear limitation that
the tissue penetration depth of fluorescence is limited. Further
studies are needed to fully clarify the advantages and disad-
vantages of ICGFI in LH, including both short-term periopera-
tive outcomes and long-term prognoses.
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