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Case Report

Dual indocyanine green fluorescence imaging for segmentectomy 
in pulmonary metastasis of hepatocellular carcinoma: a case 
report 
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Background: When indocyanine green (ICG) is administered before surgery, it accumulates in lung 
metastases of hepatocellular carcinoma (HCC), causing the tumor to fluoresce. Additionally, during 
pulmonary segmentectomy, the intersegmental plane can be made fluorescent by administering ICG 
intraoperatively. We here report segmentectomy for pulmonary metastasis of HCC using “dual ICG 
fluorescence imaging”, in which we combined tumor fluorescence by preoperative ICG administration and 
intersegmental plane fluorescence by intraoperative ICG administration.
Case Description: A 62-year-old male with suspected pulmonary metastasis of HCC underwent right 
ventral segment (S3) segmentectomy for lesion resection. ICG was injected intravenously at a dose of  
0.5 mg/kg body weight 3 days before surgery. ICG fluorescence of the tumor was visible through the pleura 
throughout surgery. After cutting all blood vessels and bronchi involved in S3, 0.1 mg/kg body weight of 
ICG was injected intravenously. The lung regions to be preserved were fluorescent, while the segment to be 
resected (S3) was seen as a deficit in fluorescence. S3 segmentectomy was completed while simultaneously 
checking the intersegmental and tumor fluorescence.
Conclusions: In segmentectomy for pulmonary metastasis of HCC, “dual ICG fluorescence imaging”, i.e., 
the combination of tumor fluorescence by preoperative ICG administration and intersegmental fluorescence 
by intraoperative ICG administration, results in excellent visibility and contributes to reliable segmentectomy 
for tumor resection.
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Introduction

When indocyanine green (ICG) is  intravenously 
administered more than 24 hours before surgery for 
hepatocellular carcinoma (HCC), it is taken up by the tumor 

and retained for several days (1,2). Therefore, both primary 

and metastatic lesions emit fluorescence when exposed to 

near-infrared light during surgery (3). Taking advantage of 

these characteristics, we reported that ICG fluorescence is 
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useful for identifying tumors and securing sufficient margins 
in wedge resection of pulmonary metastases of HCC (4,5).

In recent years, ICG has frequently been used during 
pulmonary segmentectomy because it can be administered 
intraoperatively to identify the intersegmental plane (6-12).

Here, we report segmentectomy for pulmonary 
metastasis of HCC using “dual ICG fluorescence 
imaging” by combining tumor fluorescence, achieved with 
preoperative ICG administration, and intersegmental 
plane fluorescence, achieved with intraoperative ICG 
administration. This case is presented in accordance with 
the CARE reporting checklist (available at https://vats.
amegroups.com/article/view/10.21037/vats-23-65/rc).

Case description

A 62-year-old Japanese male was referred to our department. 
He had a history of stage IVa HCC (pT4N0M0) and had 
undergone hepatectomy 5 years previously. The cancer 
recurred regionally immediately after the surgery and 
was managed using radiofrequency ablation, transarterial 
chemoembolization, and lenvatinib. No intrahepatic 
lesions remained, and lenvatinib administration had been 
discontinued 2 years previously. Because a solitary nodule 
in the right upper lobe of his lung was found a year earlier, 
administration of atezolizumab + bevacizumab was initiated. 
The number of pulmonary nodules did not decrease despite 
the medication. He experienced a brain stroke as an adverse 
event and had to cease taking the medication. As a result 

of vigorous rehabilitation, he was able to return to his 
daily activities and requested surgery for the lung tumors. 
Contrast-enhanced computed tomography (CT) showed 
a 12-mm nodule in the right ventral segment (S3), 4-mm 
deep from the visceral pleura (Figure 1A,1B). No metastatic 
lesions were observed. We diagnosed the patient with 
suspected metastatic lung cancer and planned to perform a 
right S3 segmentectomy. 

3D-CT demonstrated a surgical margin of approximately 
8 mm (Figure 1C). ICG (0.5 mg/kg body weight) was 
injected intravenously 3 days before surgery. The surgery 
was conducted using three-port video-assisted thoracic 
surgery with an endoscopic ICG near-infrared fluorescence 
imaging system (OPAL1, Karl Storz, Tuttlingen, Germany). 
When the inside of the thoracic cavity was observed in the 
ICG mode, the tumor could be seen to be located under 
the visceral pleura. The ICG fluorescence of the tumor 
was visible through the pleura throughout the surgery; 
thus, we could perform the procedure without touching or 
grasping the tumor (Figure 2A). No lesions emitting ICG 
fluorescence were observed in the thoracic cavity other than 
the target tumor.

First, the right superior pulmonary vein and the 
pulmonary artery were exposed. A3 was cut using a linear 
stapler. Subsequently, V3b (running below S3b) and V3a 
(running between S3a and S3b) were ligated and cut, and 
B3 was cut using a linear stapler. V2c (running between 
S2b and S3a) and V1b (running between S1b and S3b) are 
sufficiently detached from the periphery. After cutting all 
blood vessels and bronchi involved in S3, ICG (0.1 mg/kg 
body weight) was again injected intravenously. The lung 
to be preserved was fluorescent, and the segment to be 
resected (S3) was depicted as a deficit in fluorescence. The 
fluorescence of the tumor was strong throughout surgery, 
whereas that of the intersegmental plane was moderate and 
diminished with time, making it easy to distinguish between 
the two (Figure 2B). The resection line was determined 
according to the fluorescence of the intersegmental plane, 
paying careful attention to the surgical margin because the 
tumor was located near the interlobar fissure. After the 
intersegmental plane fluorescence had attenuated, the lung 
parenchyma was divided using a linear stapler as planned 
while monitoring the tumor fluorescence (Figure 2C). The 
surgical time was 317 min, and blood loss was 5 cc. 

Video-assisted thoracoscopic surgery was performed 
on postoperative day 15 because of prolonged air leakage, 
and the patient was discharged on postoperative day 25.  
The tumor was finally diagnosed as a metastatic carcinoma 

Highlight box

Key findings
•	 “Dual indocyanine green (ICG) fluorescence imaging”, i.e., 

combining tumor fluorescence by preoperative ICG administration 
and intersegmental plane fluorescence by intraoperative ICG 
administration, was useful for accurate segmentectomy for 
pulmonary metastasis of hepatocellular carcinoma (HCC).

What is known and what is new? 
•	 The visibility achieved with dual ICG fluorescence imaging was 

confirmed for the first time in thoracoscopic surgery. Although 
intersegmental plane fluorescence became unclear over time, 
tumor fluorescence remained strong throughout the surgery. 

What is the implication, and what should change now? 
•	 By using dual ICG fluorescence for lung metastases of HCC 

that are close to the visceral pleura, wedge resection, and 
segmentectomy can be performed without marking.
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Figure 1 Preoperative contrast-enhanced computed tomography. (A) Axial computed tomography showed a 12-mm nodule in the right 
ventral segment (S3). (B) Sagittal computed tomography images showed that the tumor was cranial side of the major fissure. (C) Three-
dimensional reconstruction showed that the tumor could be removed with S3 segment resection. White arrow: tumor; white arrowhead: 
intersegmental plane. RUL, right upper lobe; RML, right middle lobe.
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Figure 2 Intraoperative fluorescence imaging. (A) The tumor under the visceral pleural emits fluorescence. (B) Dual indocyanine green 
fluorescence imaging with intersegmental plane fluorescence and tumor fluorescence. (C) The lung parenchyma was divided using a linear 
stapler. White arrow: tumor fluorescence; white dashed line: intersegmental plane fluorescence.
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(moderately di f ferentiated HCC) by histological 
examination, and the surgical margin was 9 mm, including 
the stapler (Figure 3A-3C).

This study was approved by the Tokushima University 
Hospital Institutional Review Board in February 2020 (No. 
3672). The opt-out method was used for this retrospective 
study, in which patients were included in the research 
unless they specifically chose to be excluded. All procedures 
performed in this study were conducted in accordance with 
the ethical standards of the institution and with the Helsinki 
Declaration (as revised in 2013). Publication of this case 
report and accompanying images was waived from patient 
consent in accordance with the decision of the Tokushima 
University Hospital Institutional Review Board in February 
2020 (No. 3672).

Discussion

We had previously reported the usefulness of tumor 
fluorescence using preoperative ICG administration in 
thoracoscopic wedge resection for pulmonary metastasis 
of HCC (4,5). In segmentectomy, the ability to confirm 
localization by tumor fluorescence throughout surgery 
would contribute to reliable resection. In this case, we 
successfully performed pulmonary segmentectomy for 
pulmonary metastasis of HCC using “dual ICG fluorescence 

imaging”, which allows tumor localization based on tumor 
fluorescence during surgery achieved by administering ICG 
preoperatively, as well as identification of the intersegmental 
plane based on intersegmental fluorescence achieved 
by administering ICG intraoperatively. It was easy to 
distinguish between the two types of fluorescence because 
the tumor remained strongly fluorescent throughout the 
surgery. In contrast, intersegmental plane fluorescence 
weakened over time after intraoperative ICG administration. 

Intersegmental plane identification using intraoperative 
ICG administrat ion has an identi f icat ion rate of 
approximately 90%, making it a promising method 
(8,9,11,12). However, its limitations include the difficulty 
in identifying emphysematous lungs and the slight spread 
of fluorescence to the resected lung over time (7). In most 
cases, it is associated with an increased oncological margin 
distance from the tumor to the staple line beyond that 
judged by the surgeon. However, in 10% of cases, the 
plane predicted by the surgeon was farther from the tumor 
than the actual plane identified using ICG mapping (6). 
Therefore, not all segmentectomy can be performed using 
only intersegmental plane fluorescence with intraoperative 
ICG administration. Even if the tumor cannot be identified 
on the pleural surface during surgery, if it can be identified 
by fluorescence imaging, it will be possible to perform a 
segmentectomy that can reliably include the tumor on the 
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Figure 3 Macro and microscopic images of resected specimen. (A) Under white light observation, the tumor in the resected specimen 
was recognized as a bulge. (B) In ICG mode, the tumor has clear green fluorescence. (C) Histological findings at ×200 magnification with 
hematoxylin and eosin staining. The tumor presented moderately differentiated HCC. ICG, indocyanine green; HCC, hepatocellular 
carcinoma.
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resected side.
In laparoscopic liver resection for HCC, the combined 

use of fluorescence images obtained by preoperative and 
intraoperative ICG administration has been reported to 
be useful as a real-time navigation tool (13). Here, we 
performed “dual ICG fluorescence imaging” in pulmonary 
segmentectomy, which has not been reported previously. 
We found that this real-time navigation tool was as useful 
for pulmonary segmentectomy as for liver resection.

However, the most significant limitation of the ICG 
fluorescence method is the depth of penetration of near-
infrared light. In the case of tumors more than 1-cm deep 
from the pleura, observation of fluorescence is difficult; 
therefore, this method may only be usable in a limited 
number of patients (4,14).

Conclusions

In segmentectomy for pulmonary metastasis of HCC, 
the combination of preoperative ICG administration for 
visualizing tumor fluorescence and intraoperative ICG 
administration for visualizing intersegmental fluorescence 
provides excellent visibility. It contributes to reliable 
segmentectomy of the tumor.
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