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Indocyanine green fluorescence imaging for resection of
pulmonary metastasis of hepatocellular carcinoma
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Background: Indocyanine green (ICG) accumulates in hepatocellular carcinoma (HCC), and tumor
fluorescence can be observed under irradiation with near infrared light (NIR). This study investigated the
clinical utility of ICG fluorescence imaging during resection of pulmonary metastases of HCC.

Methods: From April 2010 to June 2018, six patients with suspected pulmonary metastasis of HCC were
enrolled prospectively. Prior to surgery, all patients underwent the ICG hepatic function test following
intravenous administration of ICG (0.5 mg/kg body weight). During surgery, metastatic HCC was identified
by observation of ICG fluorescence, allowing assessment of the surgical margin. Tumor fluorescence was also
evaluated on cut sections.

Results: A total of 11 metastatic HCCs were resected in six patients at nine operations. Eight lesions
were removed by wedge resection and 3 lesions were managed by lobectomy. During surgery, tumor
fluorescence could be confirmed through the visceral pleura in 6 out of 7 lesions treated by wedge resection,
while NIR irradiation was difficult for 1 lesion. For these 6 lesions, the median distance from the tumor
to the visceral pleura and the median surgical margin were 0 mm (range, 0-2 mm) and 14 mm (range,
11-17 mm), respectively. When cut sections were examined, all tumors emitted fluorescence. All lesions were
histologically confirmed to be metastatic HCC.

Conclusions: In patients with pulmonary metastasis of HCC, ICG fluorescence imaging is useful for

identifying the tumor and securing its margin when the lesion is peripheral and wedge resection is planned.
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Introduction 840 nm when irradiated with near-infrared light (NIR) (4).
Based on this characteristic of ICG, the usefulness of

Indocyanine green (ICG) accumulates selectively in primary intraoperative ICG fluorescence imaging has been reported

hepatocellular carcinoma (HCC) and in extrahepatic for various thoracic surgical procedures (sentinel lymph
metastases of HCC (1-3). ICG binds to plasma proteins and node mapping, intersegmental plane identification,
protein-bound ICG emits fluorescence with a peak at about pulmonary nodule identification, etc.) (5). We previously
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Table 1 Patient characteristics

Characteristics No. or median [range]

Age at operation (years) 74 [47-82]
Sex (male/female) 6/0
Hepatitis (HBV/HCV/none) 2/3/1
Child-Pugh Classification(A/B/C) 6/0/0
Time from administration of ICG to 1[1-3]
surgery(days)

Preoperative definitive diagnosis 1/10
(HCC/ absent)

HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular
carcinoma.

reported that ICG navigation was useful when performing
thoracoscopic resection of a pulmonary metastasis of
HCC (6). In the present study, we investigated the
characteristics and clinical usefulness of ICG fluorescence
imaging in a series of patients undergoing thoracoscopic
resection for pulmonary metastasis of HCC.

Methods

From April 2010 to June 2018, patients were enrolled
prospectively according to the following criteria: (I) they
had one or more pulmonary nodules that were suspected
or confirmed to be metastatic HCC; and (II) they were
scheduled for thoracoscopic resection of the pulmonary
metastasis. Prior to surgery, all patients were administrated
ICG (Diagnogreen, Daiichi-Sankyo Pharma, Tokyo, Japan)
intravenously at a dose of 0.5 mg/kg for the ICG hepatic
function test. The target outcomes of this study were as
follows: (I) whether ICG fluorescence could be observed
intraoperatively through the visceral pleura, (II) whether
it was possible to secure an adequate surgical margin with
wedge resection by intraoperative real-time fluorescence
observation (in vivo observation), and (III) whether the
tumors showed ICG fluorescence when imaging of cut
sections was performed after resection (ex vivo observation).

For intraoperative ICG fluorescence imaging, we
employed a NIR camera system for open surgery (HyperEye
Medical System MNIRC-1000, Mizuho Medical Co. Ltd.,
Japan) from 2010 to 2013, and we used an endoscopic
NIR camera system (D-LIGHT P, Karl Storz, Co. KG,
Germany) during the subsequent period. In all patients,
surgery was performed by thoracoscopy with a 3-7 cm mini-
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thoracotomy incision. Wedge resection was the standard
procedure, while lobectomy was done when an adequate
surgical margin could not be secured. Intraoperative
observation of the visceral pleura was performed by
irradiation of the suspected tumor site with NIR through
the mini-thoracotomy incision when using the HyperEye
Medical System, and by irradiation of NIR light from the
tip of the scope when using the endoscopic system. A cut
section of each tumor was also observed by using the same
system after resection. All of the resected specimens were
submitted for pathological examination.

Results

In six patients, a total of 11 metastatic HCCs were resected
at nine operations. ICG was administered from 1 to 3 days
before surgery. All patients were men and they were all in
Child-Pugh class A (Table 1). The median tumor diameter
was 11 mm (range, 3-27 mm), and the median distance
between the tumor and the visceral pleura was 0 mm
(range, 0-35 mm). The surgical procedure and the number
of tumors resected are listed for each patient in Tuble 2.
Lobectomy was performed in two patients with 3 lesions
(No. 2, 5, and 6), while wedge resection was performed to
remove the other 8 lesions (No. 1, 3,4, 7, 8,9, 10, and 11).
The HyperEye Medical System was used during resection
of 3 lesions (No. 1-3) in two patients and the D-LIGHT
P system was used for removal of the other 8 lesions (No.
4-11) in four patients. All resected lesions were confirmed
to be metastatic HCC by histological examination. On
intraoperative fluorescence imaging, 6 lesions (No. 1, 4,
7-10) showed ICG fluorescence through the visceral pleura.
These 6 lesions were located from 0 to 2 mm below the
visceral pleura, and were all managed by wedge resection.
One subpleural lesion (lesion No. 3) did not exhibit ICG
fluorescence because it was located at a site where it was
difficult to perform NIR irradiation through the mini-
thoracotomy incision. The remaining 4 lesions (No. 2, 5,
6, and 11) without visible ICG fluorescence were located
more deeply from 11 to 35 mm below the visceral pleura
(Figure I). Lobectomy was performed for 3 of these lesions
(No. 2, 5, and 6) and wedge resection was performed for
1 (No. 11). Lobectomy was chosen to secure the resection
margin for lesion No. 2, which was located deep in the
middle lobe. Lesions No. 5 and 6 were found in the
same lobe at a deep location (30 mm from the pleura), so
lobectomy was selected to obtain adequate margins for both
lesions. Intraoperative ICG fluorescence was detected in 6
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Table 2 Results of all lesions

Kawakita et al. ICG fluorescence for lung metastasis of HCC

Distance from

FI Margi
Lesion ) Tumor . the tumor to the Surgical Intraoperative vorescence Cancer cell ) argin
Patients . diameter | of tumor  System - distance

No. location visceral pleura procedure fluorescence ) differentiation

(mm) section (mm)

(mm)

1 A RU 27 0 Wedge resection Present Present HEMS Mod-por 17
2 B RM 25 11 Lobectomy Absent Present HEMS Well -
3 B LU 11 0 Wedge resection Absent* Present HEMS Well/por 14
4 C LU 16 0 Wedge resection Present Present D.L Por 15
5 C LU 11 30 Lobectomy Absent Present D.L Mod-por -
6 C LU 7 30 Lobectomy Absent Present D.L Mod-por -
7 D RL 23 0 Wedge resection Present Present D.L Por 12
8 E LU 4 2 Wedge resection Present Present D.L Por 11
9 E RU 3 0 Wedge resection Present Present D.L Por 15
10 F RU 10 0 Wedge resection Present Present D.L Mod-por 12
11 F RU 5 35 Wedge resection Absent Present D.L Mod-por 9

*, difficult to deliver near-infrared light via the mini-thoracotomy incision. HEMS, HyperEye Medical System; D.L, D-Light P System;
mod-por, moderate to poorly differentiated; well, well differentiated; well/por, mixture of well and poorly differentiated; por, poorly

differentiated.
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Figure 1 Relation between intraoperative fluorescence and the
distance of the tumor from the visceral pleura. Fluorescence was
observed when the tumor was <2 mm from the visceral pleura, but

not when the distance was >10 mm.

out of 7 lesions that were treated by wedge resection, apart
from one lesion located at a site where NIR irradiation
was difficult. For the 6 lesions (lesion No. 1, 4, 7-10)
showing intraoperative fluorescence and treated by wedge
resection, the median surgical margin was 14 mm (range,
11-17 mm) (Table 2). On cut sections, all of the tumors
emitted fluorescence. Representative imaging findings and

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

fluorescence images are shown in Figure 2.

Discussion

In this study, we demonstrated that all pulmonary
metastases of HCC emitted fluorescence when cut sections
were irradiated with NIR after administration of ICG
before surgery. To our knowledge, ICG fluorescence
imaging for pulmonary metastasis of HCC has only been
reported previously in two patients by Satou ez 4/. (3) and in
one patient by us (included in this series) (6). This finding
suggests the possibility of ICG fluorescence imaging
contributing to identification of tumors during surgery.
Hepatocytes take up ICG from the blood and excrete it
into the bile. HCC retains this function, but destruction of
the biliary tree by tumor progression is considered to lead
to accumulation of ICG in the tumor (2). Because there are
no bile ducts in the lungs, fluorescence can still be observed
in metastatic HCC at 1 to 3 days after ICG administration
due to delayed excretion from the tumor. In this series,
the sensitivity of ICG fluorescence imaging of cut tumor
sections was 100% (11/11). However, Satou et 4l. reported
one false-negative lymph node metastasis among 27 patients
with extrahepatic metastasis of HCC (3). Therefore, the
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Figure 2 Imaging findings. (A) Computed tomography; (B) intraoperative findings under white light; (C) intraoperative findings in ICG

fluorescence mode; (D) cut section of the tumor; (E) cut section in ICG fluorescence mode. Lesion 7: intraoperative fluorescence was

observed in the tumor that was in contact with the visceral pleura. On the cut section, the tumor border emits fluorescence; Lesion 8: a

4-mm tumor without any changes of the visceral pleura. It was located 2 mm from the surface, but intraoperative fluorescence could be

observed. On the cut section, the tumor emits fluorescence homogenously; Lesion 9: the tumor caused elevation of the visceral pleura and

intraoperative fluorescence was observed. On the cut section, the tumor emits fluorescence homogenously. ICG, indocyanine green.

possibility of false-negative tumors cannot be completely
excluded, but it seems to be rare. Regarding false-
positive results, Kitagawa et al. reported that 29 out of 250
fluorescence-positive resected lesions were not pulmonary
metastases of HCC on pathological examination (7).
Using fluorescence microscopy, they demonstrated that
normal alveolar cells and thrombi emitted fluorescence in
the false-positive lesions. Although there were no false-
positive lesions in our study and that of Satou, false positive
fluorescence may occur and careful attention is necessary.

There have been recent reports of primary lung cancer
and solid cancer showing ICG fluorescence (8-11).
However, ICG was administered at a dose of 5 mg/kg in
these studies, which was 10 times the dose we used for the
ICG liver function test. In a mouse model of subcutaneous
tumor transplantation, the tumors did not show fluorescence
at ICG doses below 1 mg/kg (8). However, it should be
easy to use ICG clinically when performing surgery for
pulmonary metastasis of HCC because fluorescence can be
detected at an ICG dose of 0.5 mg/kg, which is the same as
the dose for testing liver function.

Intraoperative fluorescence imaging allowed detection of
6 out of 11 lesions through the visceral pleura, suggesting
that this method may be useful for localization of tumors
during thoracoscopic surgery. Thoracoscopic surgery has
become widely used because it is less invasive (12), and
about 80% of pulmonary metastasectomy procedures are
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done thoracoscopically in Japan (13). The problem with
performing thoracoscopic wedge resection is that palpation
tends to be inadequate, which makes it more difficult to
localize the tumor. Although various marking methods
have been devised to overcome this problem (14-16),
the markers have to be placed accurately near the tumor
for these methods to succeed. With the present method,
the tumor itself shows ICG fluorescence, so it is considered
to be more useful for localization of the lesion and
obtaining a secure margin. The main problem with the
present method is the partial tissue penetration of near
infrared light. In previous studies, ICG fluorescence could
be confirmed up to a tissue depth of 5-13 mm (11,17).
If the tumor is so deep within the lung parenchyma that
lobectomy is required, it will be difficult to identify by
fluorescence imaging. However, when the tumor is located
at a peripheral site in the lung and wedge resection is
planned, fluorescence imaging may be useful. In this series,
intraoperative fluorescence imaging through the visceral
pleura confirmed of the 6 lesions in 8 lesions for which
wedge resection was performed. The tumor was 0-2 mm
below the visceral pleura in these patients. Intraoperative
fluorescence imaging was particularly useful for a tumor
with a diameter of 4 mm that was 2 mm below the visceral
pleura (lesion No. 8). No pleural changes were evident and
the lesion could not be detected with unimanual palpation.
Only fluorescence revealed the location of tumor and
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thoracotomy could be avoided. However, one lesion located
immediately under the visceral pleura (0 mm) could not be
detected by fluorescence imaging because NIR irradiation
through the mini-thoracotomy incision was too difficult due
to the tumor location. This problem has been overcome by
introducing an endoscopic NIR camera system, which has
become widely available in recent years. In the 6 lesions
showing intraoperative fluorescence that were treated
by wedge resection, a surgical margin of 10 mm or more
could be achieved. In metastasectomy for pulmonary
metastasis, an adequate margin is important to prevent local
recurrence. Although there has been little investigation of
the optimal margin, it is recommended to secure a margin
of at least 5 mm and preferably at least 10 mm (18,19).
Since the tumor cannot be palpated during thoracoscopic
surgery, the margin tends to be inadequate (20).
Intraoperative fluorescence imaging may be useful for
securing an adequate surgical margin because fluorescence
can be easily confirmed in real-time during surgery by
switching on the NIR camera.

Furthermore, this method has the advantage of ICG
being inexpensive (\525 ~ $US 6 per 25 mg) and it is also
safe because it employs the same dose of ICG used for liver
function testing. While purchasing a NIR camera system is
costly, it is worth trying this method if a camera has already
been installed.

The chief limitation of this study was the small number
of cases. Because we did not investigate patients with other
tumors, the accuracy of this method for identifying HCC
could not be determined. Also, fluorescence can only be
seen from superficial lesions, so it may only be clinically
useful in a few patients.

Conclusions

When performing resection of pulmonary metastasis of
HCC, ICG fluorescence imaging is useful for identification
of the tumor and for securing a sufficient margin when the
lesion is located at a peripheral site in the lung and wedge
resection is planned.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Kawakita et al. ICG fluorescence for lung metastasis of HCC
to declare.

Ethical Statement: This study was approved by the
Tokushima University Hospital Institutional Review
Board (No. 3159). Patients were advised that their clinical
data could be used for various studies and comprehensive
informed consent was obtained on that basis.

References

1. Gotoh K, Yamada T, Ishikawa O, et al. A novel image-
guided surgery of hepatocellular carcinoma by indocyanine
green fluorescence imaging navigation. J Surg Oncol
2009;100:75-9.

2. Ishizawa T, Fukushima N, Shibahara J, et al. Real-time
identification of liver cancers by using indocyanine green
fluorescent imaging. Cancer 2009;115:2491-504.

3. Satou S, Ishizawa T, Masuda K, et al. Indocyanine
green fluorescent imaging for detecting extrahepatic
metastasis of hepatocellular carcinoma. J Gastroenterol
2013;48:1136-43.

4. Landsman ML, Kwant G, Mook GA, et al. Light-
absorbing properties, stability, and spectral stabilization of
indocyanine green. ] Appl Physiol 1976;40:575-83.

5. Chiu CH, Chao YK, Liu YH, et al. Clinical use of near-
infrared fluorescence imaging with indocyanine green
in thoracic surgery: a literature review. ] Thorac Dis
2016;8:5744-8.

6. Kawakita N, Takizawa H, Kondo K, et al. Indocyanine
Green Fluorescence Navigation Thoracoscopic
Metastasectomy for Pulmonary Metastasis of
Hepatocellular Carcinoma. Ann Thorac Cardiovasc Surg
2016;22:367-9.

7. Kitagawa N, Shinkai M, Mochizuki K, et al. Navigation
using indocyanine green fluorescence imaging for
hepatoblastoma pulmonary metastases surgery. Pediatr
Surg Int 2015;31:407-11.

8. Jiang JX, Keating JJ, Jesus EM, et al. Optimization of
the enhanced permeability and retention effect for near-
infrared imaging of solid tumors with indocyanine green.
Am ] Nucl Med Mol Imaging 2015;5:390-400.

9. Keating JJ, Kennedy GT, Singhal S. Identification of
a subcentimeter pulmonary adenocarcinoma using
intraoperative near-infrared imaging during video-
assisted thoracoscopic surgery. ] Thorac Cardiovasc Surg
2015;149:¢51-3.

10. Mao Y, Chi C, Yang F, et al. The identification of sub-

centimetre nodules by near-infrared fluorescence

7 Thorac Dis 2019;11(3):944-949



Journal of Thoracic Disease, Vol 11, No 3 March 2019

11.

12.

13.

14.

thoracoscopic systems in pulmonary resection surgeries.
Eur J Cardiothorac Surg 2017;52:1190-6.

Okusanya OT, Holt D, Heitjan D, et al. Intraoperative
near-infrared imaging can identify pulmonary nodules.
Ann Thorac Surg 2014;98:1223-30.

Yim AP, Wan S, Lee TW, et al. VAT'S lobectomy reduces
cytokine responses compared with conventional surgery.
Ann Thorac Surg 2000;70:243-7.

Committee for Scientific Affairs, The Japanese Association
for Thoracic Surgery, Masuda M, et al. Thoracic and
cardiovascular surgery in Japan during 2012 : annual
report by The Japanese Association for Thoracic Surgery.
Gen Thorac Cardiovasc Surg 2014;62:734-64. Erratum in:
Erratum to: Thoracic and cardiovascular surgery in Japan
during 2012: Annual report by The Japanese Association
for Thoracic Surgery. [Gen Thorac Cardiovasc Surg
2015].

Sato M, Omasa M, Chen F, et al. Use of virtual assisted
lung mapping (VAL-MAP), a bronchoscopic multispot
dye-marking technique using virtual images, for precise
navigation of thoracoscopic sublobar lung resection. J
Thorac Cardiovasc Surg 2014;147:1813-9.

Cite this article as: Kawakita N, Takizawa H, Sawada T,
Matsumoto D, Tsuboi M, Toba H, Yoshida M, Kawakami

Y, Kondo K, Tangoku A. Indocyanine green fluorescence

imaging for resection of pulmonary metastasis of hepatocellular
carcinoma. ] Thorac Dis 2019;11(3):944-949. doi: 10.21037/
jtd.2019.01.107

© Journal of Thoracic Disease. All rights reserved.

15.

16.

17.

18.

19.

20.

jtd.amegroups.com

949

"Toba H, Kondo K, Miyoshi T, et al. Fluoroscopy-assisted
thoracoscopic resection after computed tomography-
guided bronchoscopic metallic coil marking for small
peripheral pulmonary lesions. Eur J Cardiothorac Surg
2013;44:e126-32.

Sofroniew MV, Galletly NP, Isacson O, et al. Survival

of adult basal forebrain cholinergic neurons after loss of
target neurons. Science 1990;247:338-42.

Kim S, Lim YT, Soltesz EG, et al. Near-infrared
fluorescent type II quantum dots for sentinel lymph node
mapping. Nat Biotechnol 2004;22:93-7.

Welter S, Theegarten D, Trarbach T, et al. Safety
distance in the resection of colorectal lung metastases:

a prospective evaluation of satellite tumor cells with
immunohistochemistry. ] Thorac Cardiovasc Surg
2011;141:1218-22.

Rusch VW. Pulmonary metastasectomy. Current
indications. Chest 1995;107:322S-331S.

Higashiyama M, Tokunaga T, Nakagiri T, et al. Pulmonary
metastasectomy: outcomes and issues according to the
type of surgical resection. Gen Thorac Cardiovasc Surg
2015;63:320-30.

7 Thorac Dis 2019;11(3):944-949



