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An expanding number of hepatic resections are
performed laparoscopically. However, the identification
of the tumor location and the precise resection line are
challenging in the minimally invasive setting. The hepatic
artery supplies the hepatocellular carcinoma (HCC) and
angiography can precisely localize the tumor position
and the territory of the liver parenchyma. However, the
angiographic information is displayed to the surgeon
outside of the operative field and it may be difficult to
exploit it as an intraoperative navigation tool. Near-
infrared fluorescence (NIRF) optical imaging with
indocyanine green (ICG) is increasingly used in several
surgical procedures, as a real-time technology to guide
surgical decision-making.%>3>*  The intraoperative
combination of angiography with NIRF imaging can
transfer the angiography information directly to the
operative field and provide real-time liver segmentation
by means of positive staining.

To overcome the difficulties related to positive staining
during laparoscopic surgery, our group first reported a
selective intra-arterial ICG injection technique for
fluorescent positive staining in the experimental model.>
Here, we report a successful case of minimally invasive
segmental hepatectomy guided by means of NIRF
positive staining via a selective intra-arterial ICG
administration.

A 67-year-old man (BMI of 23.8) with a past medical history of hepatitis B
virus (HBV), presented with a 2cm liver tumor at segments 6/7 on the regular
sonography follow-up. The alpha-fetoprotein (AFP) level was 2.5ng/mL.
Computed tomography (CT) confirmed the presence of a 3cm hypervascular
tumor at the boundaries of liver segments S6/7.

The case was discussed in the multidisciplinary tumor board and the patient
was scheduled for a laparoscopic hepatectomy. The study protocol,
approved the Ethical Committee of the Chang Gung Memorial Hospital,
Kaohsiung in Taiwan and registered with ClinicalTrials.gov (NCT04266548)
was presented to the patient who signed the informed consent.
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The procedure consisted of two steps, as follows:

Step I: Endovascular procedure

Under local anesthesia, a 4 French angiography sheath (Terumo Corporation,
Japan) was inserted under aseptic conditions into the right femoral artery,
following the Seldinger technique. A 4 French Cobra-2 catheter (Terumo
Corporation, Japan) was positioned at the origin of the celiac trunk. A selective
celiac trunk digital subtraction angiography (DSA) was performed, after
administration of a contrast medium (Omnipaque, GE Healthcare, United
Kingdom) at a rate of 4mL/sec and a total of 28mL. A 2.7 French micro-catheter
(PROGREAT™, Terumo Corporation, Japan) was used to superselectively
catheterize the hepatic segmental arteries, which perfuse the target segment
including the HCC over S6/7 (Fig 1).

The correct position of the catheter (defined as the position in which the
catheter was placed or proximal to the artery feeding the anatomical segment
of the HCC) was confirmed by performing a DSA and an angio-CT with selective
micro-catheter injections (Fig 2). The micro-catheter was then flushed with
saline and left in place. After this procedure, the patient was transferred to the
operating room, with the catheter in place.

Fig 1. S6/7 HCC tumor stain on angiography Fig 2. S6/7 HCC tumor CT angiogram
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Step Il: NIR-guided laparoscopic hepatectomy

A 12mmHg pneumoperitoneum was established through the
introduction of a Veress needle in the umbilicus. Five trocars were
introduced under laparoscopic vision. The liver was mobilized and
intraoperative ultrasound (IOUS) was used to localize the HCC over S6/7.
The resection line with a 2cm free margin from the tumor was defined in
conventional white light imaging based on the clinical evaluation and on
intraoperative ultrasonography (IOUS).

The laparoscopic camera (PINPOINT PC9000 endoscopic fluorescence
imaging camera, Stryker, United States) was switched to NIR mode and a
bolus of 5mL of ICG at a concentration of 0.125mg/mL was injected via
the catheter placed in the hepatic artery. The demarcation line of the
corresponding liver segment could be clearly visualized based on NIRF
imaging. The region of the tumor located in liver segments S6/7 turned
fluorescent and matched the 10US-guided resection plan (Fig 3),
confirming the planned resection line. A laparoscopic hepatectomy was
subsequently performed following the I0US resection line by using the
Pringle maneuver under vascular control. The micro-catheter and the
femoral artery catheter were removed at the end of the surgical
procedure.

The specimen presented a 30mm X 25mm X 24mm HCC. The minimal
fluorescent margin was 1.5cm from the HCC (Fig 4). The patient was
discharged 7 days after the operation without any surgical or
angiography-related complications.

Near-infrared fluorescence angiography using intra-arterial ICG injection
provides a real-time image-guided intraoperative demarcation of
targeted liver segments. This method could help to define the resection
line during laparoscopic liver surgery for HCC.
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Fig 3. PINPOINT fluorescence image after ICG injection via superselective intrahepatic artery
supplying the HCC. The enhanced liver area was covered with the IOUS-guided resection
line.

Fig 4. Specimen under white light and fluorescence image.
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