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Abstract

Background Technology for detecting liver tumors and identifying the bile ducts using indocyanine green (ICG) has recently
been developed. However, the usefulness and limitations of ICG navigation surgery for hepatoblastoma (HB) have not been
fully clarified. We herein report our experiences with surgical navigation using ICG for in HB patients.

Methods In 5 HB patients, 10 ICG navigation surgeries were performed using a 10-mm infrared fluorescence imaging
scope after the injection of 0.5 mg/kg ICG intravenously. The surgical and clinical features were collected retrospectively.
Results Navigation surgery using ICG was performed for primary liver tumors in 4 cases, and the timing of ICG injection
was 90.5 +33.7 h before the operation. All tumors exhibited intense fluorescence from the liver surface. ICG navigation
for the primary liver tumor was useful for detecting the residual tumor at the stump and invasion to the diaphragm during
surgery. Six lung surgeries using ICG navigation were performed. The timing of ICG injection was 21.8 + 3.4 h before the
operation. The size of the metastatic tumor was 7.4 +4.1 mm (1.2-15 mm). Of 11 metastatic tumors detected by computed
tomography (CT), 10—including the smallest tumor (1.2 mm)—were able to be detected by ICG from the lung surface. The
depth of the 10 ICG-positive tumors from the lung surface was 0.9 + 1.9 mm (0—6 mm), and the depth of the single ICG-
negative tumor was 12 mm. One lesion not detected by CT showed ICG false positivity.

Conclusion Navigation surgery using ICG for patients with HB was useful for identifying tumors and confirming complete
resection. However, in ICG navigation surgery, we must be aware of the limitations with regard to the tumor size and the
depth from the surface.

Keywords Indocyanine green - Hepatoblastoma - Navigation surgery

Introduction

Hepatoblastoma (HB) is the most common malignant liver
tumor in childhood. Chemotherapy including cisplatin has
been shown to be effective, and adjuvant chemotherapy is
usually given to HB patients [1, 2]. However, the best way
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to achieve a cure is complete resection of the tumor, which
leads to a good oncologic outcome, even in cases of lung
metastasis [3].

In visualization by indocyanine green (ICG), injected
ICG is taken up by tumor cells, such as HB cells, and nor-
mal hepatocytes. In the normal hepatocytes, ICG is excreted
into the bile and disappears within a few hours [4]. However,
in tumor cells, excretion is inhibited, and ICG persists. This
ICG can then be detected using a camera with a fluorescent
light. Technology for detecting liver tumors and identifying
the bile ducts during liver surgery using ICG has recently
been developed [5]. A few papers on HB have described the
detection of lung and pleural metastasis and liver resection
[6-8]. However, the usefulness and limitations of ICG navi-
gation surgery for HB have not been fully clarified.
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We herein report our experiences with surgical navigation
using ICG for primary tumor resection and metastasectomy
of the lung in HB patients and limitation associated with this
navigation surgery.

Materials and methods

Ten ICG navigation surgeries were performed in five HB
patients at the Department of Pediatric Surgery, Kyushu Uni-
versity, between February 2017 and May 2018. Among these
five HB patients, one showed PRETEXT II, three showed
PRETEXT III and one showed PRETEXT IV statues. Two
of the patients had lung metastasis: one with multiple lung
metastases at the diagnosis and the other with lung recur-
rence after liver resection and chemotherapy.

Regarding ICG navigation surgery, ICG was injected
intravenously at 0.5 mg/kg body weight for all cases pre-
operatively, and the liver tumor and lung metastatic tumors
were examined using a 10-mm endoscopic ICG near-infrared
fluorescence imaging system (D-LIGHT P, Karl Storz, Ger-
many) intraoperatively. The clinical and pathological data
were collected. The tumor size and the depth of the tumor
from the liver and lung surface were measured using preop-
erative computed tomography (CT) images (minimum slice
interval: 0.5 mm).

This study was performed according to the Ethical
Guidelines for Clinical Research published by the Ministry
of Health, Labour and Welfare of Japan on July 30, 2003
(revised 2008), and complied with the 1964 Declaration of
Helsinki (revised 2008). This study was approved by the
Ethics Committee in our institution (28—119).

Results

The clinical data of the HB patients who underwent ICG
navigation are shown in Table 1. Navigation surgery using
ICG was performed for primary liver tumors in four HB
cases. Extended right hepatectomy was performed for three
patients and liver transplantation for one patient. The timing
of ICG injection was 90.5 +33.7 h before the operation. The
size of the liver tumors was 75.0 £41.8 mm (40-135 mm).
All liver tumors were visible from the liver surface and
exhibited intense fluorescence using ICG detection (Fig. 1a).
ICG navigation for liver surgery was useful for detecting
the residual tumor at the resection stump, especially sur-
rounding the inferior vena cava (IVC) (Fig. 2a—c) and the
invasion of the tumor into the diaphragm during surgery. No
fluorescence was detected in the residual liver after resec-
tion, and all tumors were shown to be completely resected
by a pathological examination.
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Six navigation surgeries using ICG were performed for
metastatic lung tumors in two cases. Both patients initially
underwent bilateral lung partial resection. When recurrence
was recognized in both cases after resection, left upper
lobectomy and re-partial resection were performed in one
patient each. The timing of ICG injection was 21.8 +3.4 h
before lung resection. A total of 11 metastatic tumors were
detected by preoperative CT, and the size of the metastatic
tumors was 7.4 +4.1 mm (1.2-15 mm). The operation time
of partial resection was 142.2 +26.6 min (101-174 mm).
Of the 11 metastatic lung lesions detected by preopera-
tive CT, 10 were able to be detected by ICG from the lung
surface (Fig. 1b). The depth of the 10 ICG-positive tumors
from the lung surface was 0.9 + 1.9 mm (0-6 mm), and the
depth of the single ICG-negative tumor was 12 mm, mak-
ing it the deepest lesion (Fig. 3). This tumor was confirmed
to be ICG-positive using a resected sample after surgery.
Of the 10 tumors detected using ICG, 2 were not palpable
from the lung surface during surgery because the size of
tumors was very small and the lung tissue had been dam-
aged due to adhesion between the lung surface and the chest
wall (Fig. 4). All 11 tumors detected by preoperative CT
were shown to consist of HB cells according to pathologi-
cal examinations. One lesion not detected by CT showed
ICG false positivity and exhibited weak fluorescence, and
no HB cells were recognized on a pathological examina-
tion of a resected sample. In one case (Case 1) that under-
went left upper lobectomy, ICG-positive lesion except one
tumor detected CT was none and no tumor except one tumor
detected CT was shown according to a pathological exami-
nation for resected left upper lobe. Therefore, no lesions
showed false negativity in this case.

No adverse events concerning ICG injection were
observed in all cases.

Discussion

We performed ICG navigation surgery for liver resection and
metastasectomy of the lung in HB patients. ICG navigation
was useful for detecting lung metastasis even if the tumor
was not palpable and for confirming complete resection of
primary liver tumors. Only three papers about ICG naviga-
tion surgery for HB patients were already published. The
first paper is about 2 cases of liver resection and one case of
pulmonary metastasis resection. The second paper is about
ten cases of pulmonary metastasis resection. The last paper
is the case report about peritoneal metastasis resection in
HB. They also reported the usefulness of ICG navigation
surgery for HB patients.

The timing and dosage of ICG have already been reported
in other studies. Kitagawa et al. reported that 0.5 mg/kg body
weight ICG was injected intravenously 24 h before lung
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Fig. 1 a The primary liver tumor showed fluorescence using ICG navigation in Case 4 (white arrow). b The fluorescence of the two tumors of

the lung during the VATS procedure in Case 1 (white arrow)

Fig.2 a ICG navigation detected the residual tumor surrounding
the IVC (white arrow) and a spilled small tumor fragment in Case 4
(white arrowhead). b No fluorescence was recognized in front of the

resection, and Yamamichi et al. reported injecting the same
dosage intravenously 4 days before liver resection and 24 h
before lung resection [6, 7]. In cases of lung surgery, normal
lung cells are unable to take up ICG. In the current study,
we injected ICG 18-27 h before surgery for lung resection,
and lung metastasis was clearly detected in all cases. In con-
trast, for liver surgery, normal liver cells are able to take up
ICG, similar to HB cells, although the washout timing dif-
fers between tumor cells and normal liver cells. Therefore,
the timing of the ICG injection is important for accurately

IVC after resection. ¢ The resected sample was detected using ICG
navigation showing strong fluorescence

detecting HB. We injected ICG 60-138 h before surgery for
liver resection and did not note any marked difference in the
sensitivity of the ICG intensity by the timing of ICG injec-
tion. However, comparing the ICG intensity by the timing
of injection was difficult. In the future, the most suitable
timing of ICG injection will need to be examined after the
accumulation of more HB cases with ICG navigation.
Several types of equipment are available for ICG detec-
tion during navigation surgery, such as a charge-coupled
device (CCD) camera [6] and a telescopic detector [5]. We
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Fig.3 CT image showing the tumor without ICG detection. This was
the deepest tumor from the lung surface (12 mm deep)

L

Fig.4 ICG navigation detected two tumors measuring 1.2 and
2.5 mm in diameter that were not palpable from the lung surface

used a telescopic detector in the current study. We think
that the sensitivity of the ICG intensity is high when using
the telescopic detector because the tip of the scope is quite
close to the tumors. Moreover, ICG navigation surgery using
the telescopic detector in endoscopic surgery also has an
advantage over open surgery because the surgical field can
be perfectly darkened and thus increase the sensitivity of
ICG. In the current study, one VATS surgery had already
been performed via an ICG navigation approach, and the
tumor had been clearly detected. Palpation was found to be
important to detect HB metastatic lung tumors. Therefore,
open surgery has some advantages over thoracoscopic sur-
gery when performing lung metastatectomy for HB patients.
In the future, the detection of lung tumors using ICG is thus
considered to be more sensitive than detecting such tumors
using palpation in HB patients. As a result, thoracoscopic
surgery using ICG navigation may become the standard sur-
gical approach for the treatment of HB patients, and this
phenomenon is expected to lead to the performance of less
invasive treatment for HB patients.

The limited detectability of ICG for metastatic lung
lesions may be associated with the relationship between the
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tumor size and the distance from the organ surface. How-
ever, these limitations were not clearly identified in the pre-
sent study, although the minimum detectable tumor size was
1.2 mm. Kitagawa et al. previously reported that they were
able to detect a metastatic tumor of 0.062 mm in diameter
in the lung of an HB patient [6], but they did not mention
the tumor depth from the lung surface. A previous study
reported that navigation surgery using ICG could not detect
the tumors located at a depth of more than 10 mm from the
organ surface, and that finding was similar to our present
findings [9].

In HB, complete resection is the rule for achieving the
best oncologic outcome [3]. However, huge HB in the liver
sometimes shows invasion to the IVC and major vessels, and
whether or not complete resection has been achieved can be
unclear during surgery. Two of our patients showed attach-
ment to the diaphragm, and one had a residual tumor around
the IVC during surgery. All patients were evaluated using
ICG navigation and additional resection was performed
for the residual tumor around the IVC in case 4. It is easy
to confirm the presence of residual tumors using the ICG
navigation.

Concerning other detecting methods for tiny metastatic
tumors, preoperative CT guide marking and an Augmented
Reality navigation system have been previously reported [10,
11]. However, patients who undergo preoperative CT exami-
nations must be moved to the surgical room from the CT
room. Therefore, ICG navigation surgery has an advantage
over these techniques with regard to convenience.

In conclusion, navigation surgery using ICG for patients
with HB was useful for identifying tumors and confirming
complete resection. In the future, the suitable timing of the
ICG injection and limitations with regard to the depth from
the organ surface and the tumor size will be explored after
the accumulation of more HB cases with ICG navigation.
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