
Case
Report

Introduction

Indocyanine green (ICG) can selectively accumulate 
in primary hepatocellular carcinoma (HCC) and extrahe-
patic metastases.1–3) Recent reports demonstrated that 
ICG fluorescence imaging for HCC patients presents 
clear boundaries between tumors and normal tissue. This 
is the first report of thoracoscopic metastasectomy using 
ICG fluorescence for a patient with pulmonary metastasis 
of HCC.

Case Report

A 66-year-old man was referred to our thoracic sur-
gery department for resection of HCC pulmonary metas-
tasis. He had a history of chronic hepatitis B and had 
undergone right hepatic lobectomy for HCC 8 years prior. 
Seven years prior, follow-up computed tomography (CT) 
showed pulmonary metastatic lesions: an 8-mm nodule in 
the right upper lobe, an 8-mm nodule in the left upper 
lobe, and a 38-mm Bottalo’s lymph node metastasis. 
Although the patient underwent three regimens of che-
motherapy, these metastases progressed. Therefore, oral 
administration of sorafenib was started 6 years prior to 
the present admission. Chest CT demonstrated that the 
size of these lesions had decreased, and the pulmonary 
metastasis in the right upper lobe and the Bottalo’s lymph 
node metastasis disappeared 1 year after the induction of 
sorafenib, with persistence of response. However, only 
the metastasis in the left upper lobe showed regrowth 
(Fig. 1A), and resection of the metastasis was scheduled. 
ICG was injected intravenously at a dose of 0.5 mg/kg 
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body weight, 20 h before the operation. A 3-cm incision in 
the 4th intercostal space (ICS) along the anterior axillary 
line, a 3-cm incision in the 6th ICS along the posterior 
axillary line, and a 2-cm incision in the 8th ICS along the 
middle axillary line were made. The thoracic cavity was 
explored with an endoscopic ICG near-infrared fluores-
cence (NIF) imaging system (D-LIGHT P, Karl Storz, 
Germany). White light mode showed a reddish-brown 
change at the pleural surface of the lingular segment  
(Fig. 1B), and a whitish pleural thickening around the  
aortic arch. ICG fluorescent mode showed clear blue fluo-
rescence in the lingular segment (Fig. 1C), while no ICG 
fluorescence was observed at Bottalo’s lymph node. The 
center of the tumor was grasped with lung grasping for-
ceps under the guidance of ICG-NIF imaging, and wide 
wedge resection was performed with an automatic sutur-
ing instrument. Although we had planned resection of 
Bottalo’s lymph node to evaluate the viability of HCC, we 
aborted this plan due to the sclerosis and firm adhesion of 
the lymph node. A section of the resected specimen also 
showed ICG fluorescence (Fig. 2). Histologically, the 
tumor was confirmed as pulmonary metastasis of HCC, 
and the surgical margins were negative. A CT scan showed 

that the size of Bottalo’s lymph node remained unchanged 
without any treatment for 6 months after the operation.

Discussion

Intrahepatic recurrence after hepatectomy for HCC is 
common. However, extrahepatic metastases occur in 37% 
of patients with HCC recurrence, and the most frequent 
site of the first detectable metastasis is the lung.4) Pulmo-
nary metastasectomy for pulmonary metastasis of HCC 
has been reported to play an important role in selected 
patients, particularly in those with a limited number of 
pulmonary metastases, unilateral metastases, or requiring 
single pulmonary surgery.5–7)

Sorafenib is the first drug that has been shown to be 
effective for patients with advanced hepatocellular carci-
noma.8) Our patient was administered sorafenib due to the 
presence of pulmonary metastases and a mediastinal lymph 
node metastasis. One year after the administration of 
sorafenib, we scheduled resection of a pulmonary metasta-
sis that showed sorafenib chemoresistance, although the 
other pulmonary metastasis and mediastinal lymph node 
metastasis had disappeared.

Fig. 1  �(A) A chest computed tomography image shows a 15-mm nodule in the left upper lobe. (B) White light mode shows a  
reddish-brown change at the pleural surface of the lingular segment. (C) ICG fluorescent mode shows clear blue fluorescence 
in the lingular segment. ICG: indocyanine green

Fig. 2  �(A) A section of the resected specimen. (B) ICG fluorescent mode shows clear blue fluorescence at the tumor. 
ICG: indocyanine green
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ICG emits light with a peak wavelength of approximately 
830 nm when illuminated with NIF, and the ICG-NIF sys-
tem is widely used in cancer diagnosis and surgery.9) Ishi-
zawa et al. demonstrated selective accumulation of ICG to 
HCC using the ICG-NIF system.2) Satou et al. reported that 
ICG fluorescence could also be observed at extrahepatic 
metastases.3) They reported that they had succeeded in 
identifying one pulmonary metastases out of two lesions 
that were explored using an ICG-NIF system; however, 
they reported that the excitation light was unable to reach 
another three lesions through a thoracotomy because their 
system was not an endoscopic device. In the present study, 
we used an endoscopic ICG-NIF system, which is able to 
access the entire thoracic cavity, and clear blue fluores-
cence was observed at the metastatic site. ICG fluorescence 
is detectable when a target lesion exists within 1 cm from 
the organ surface,10,11) and small metastatic lesions of HCC 
with a diameter of 3 mm were reported detectable by an 
ICG-NIF system when the lesions were close to the pleural 
surface.1,3) Therefore, the ICG-NIF system may be useful in 
identifying small metastatic lesions without the need of pre-
operative marking and exploration of small lesions uniden-
tified by preoperative imaging.

Use of thoracoscopic surgery is becoming more wide-
spread due to its reduced invasiveness.12) Indeed, thoraco-
scopic surgery was performed for approximately 80% of 
pulmonary metastasectomies in Japan.13) Patients with pul-
monary metastasis of HCC are often not good candidates 
for invasive surgery due to poor liver function caused by 
cirrhosis or hepatectomy; therefore, thoracoscopic surgery 
is useful for such patients.

One drawback of thoracoscopic surgery is the difficulty 
in confirming the resection margins, due to the inability to 
palpate the tumor. In our case, the tumor location could be 
visualized by the ICG-NIF system, allowing performance 
of wide wedge resection with sufficient distance from the 
fluorescent area; a negative surgical margin during thora-
coscopic metastasectomy is considered to be a good prog-
nostic factor.14,15) If the tumor is located deep in the visceral 
pleura that it is undetectable using the ICG-NIF system, 
preoperative tumor marking or thoracotomy for palpation 
is necessary. Segmentectomy or lobectomy must also be 
considered for such patients with deeply located metasta-
ses to ensure sufficient surgical margins.

Conclusion

Thoracoscopic ICG-NIF for pulmonary metastases of 
HCC is useful in identifying tumor locations and ensuring 
resection margins.
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