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Background: A technique of visualizing the demarcation line based with indocyanine green (ICG) was
recently developed, and its utility was reported. We demonstrated the safety and utility of low-dose (5 mg/body)
ICG fluorescence-navigated video-assisted thoracic surgery (VATS) segmentectomy.

Methods: Patients who had undergone lung segmentectomy for early-stage non-small cell lung cancer
(NSCLC) or small pulmonary metastasis were included in this study. ICG at 5 mg/body was rapidly injected
into the peripheral vein, and the lung was observed using near-infrared (NIR) fluorescence thoracoscopy. We
evaluated the identification rate of the demarcation line based on NIR fluorescence imaging with ICG and
the perioperative outcomes.

Results: Lung segmentectomy NIR fluorescence imaging with ICG was performed in 20 patients. The
identification of the target segmental line was possible in 18 (90%) of the 20 patients. The median duration
of chest tube placement was one day, and the median length of postoperative stay was 8 days. Complications
occurred in 5 (25%) of the 20 patients. All cases were prolonged air leak that required pleurodesis. There
were no complications resulting from NIR fluorescence imaging with ICG.

Conclusions: NIR fluorescence imaging with ICG is safe and useful for the identification of the
demarcation line for lung segmentectomy. Low-dose ICG might achieve a sufficient rate of identification of

the segmental line.
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Introduction

The frequency of detection of ground-glass nodule (GGN)
and small pulmonary metastases has increased due to
advances in clinical imaging/staging modalities. In early-
stage non-small cell lung cancer (NSCLC), sublobar resection
has shown a trend toward a more favorable prognosis than
lobectomy (1,2). Lung segmentectomy is more efficient at
securing a sufficient surgical margin than wedge resection.
Traditionally, segmental lines were identified intraoperatively
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with inflation/deflation of the target segment by clamping
and unclamping the relevant bronchus. However, the inflated
lung may obstruct the view of the target segment in video-
assisted thoracic surgery (VATS).

The technique of visualizing the demarcation line
based on near-infrared (NIR) fluorescence imaging with
indocyanine green (ICG) was recently developed, and its
utility was reported (3-13). However, the route and dose of
ICG injection have not been confirmed. In a previous study,
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the dose of ICG used for lung segmentectomy ranged from
0.25 to 5 mg/kg (3-6,8,12).

Therefore, in the present study, we demonstrated
the safety and utility of low-dose (5 mg/body) ICG
fluorescence-navigated VATS segmentectomy.

Methods
Study patients

This study was prospectively performed with data collected
from patients who had undergone lung segmentectomy for
early-stage NSCLC or small pulmonary metastasis at our
hospital between March 2017 and August 2018. Patients
were excluded if they were younger than 19 years of age or
older than 85 years of age or had undergone lobectomy or
wedge resection. This study was conducted in accordance
with the amended Declaration of Helsinki. The institutional
review boards of our hospital approved the protocol (the
approval number: M416), and written informed consent was
obtained from all patients.

Surgical procedures

All patients underwent a preoperative evaluation by
computed tomography (CT) scanning. The CT images
were reconstructed three-dimensionally (3D) to evaluate
the anatomy of the pulmonary vessels and bronchi and
identify the dominant pulmonary arteries and veins of the
target segment by image processing software (Ziostation 2,
version 2.9.2.3, Ziosoft, Tokyo, Japan). We performed
pulmonary segmentectomy by VATS. We called the
surgery only for monitoring view as complete VATS
(C-VATS), on the other hand, the surgery combined
with direct vision, not rib spreading as hybrid VATS
(H-VATS). The target pulmonary arteries and veins were
ligated, and then the target bronchi were ligated. ICG
(Daiichi Sankyo Co., Ltd., Tokyo, Japan) at 5 mg/body
was rapidly injected into the peripheral vein, and the lung
was observed using NIR fluorescence thoracoscopy. Under
the NIR light, the demarcation line of the target segment
was separated into two areas and then marked on the
visceral pleura with electrocautery. In this study, we used
four types of NIR thoracoscopy system: IMAGE1L S™,
KARL STORZ, Endoscope (Japan K.K., Tokyo, Japan);
PINPOINT Endoscopic Fluorescence Imaging System
(NOVADAAQ), Ontario, Canada); VISERA ELITE II
(OLYMPUS, Hamburg, Germany); and 1588 AIM (Stryker,
"Tokyo, Japan). We evaluated the identification rate of the
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demarcation line based on NIR fluorescence imaging with
ICG and the perioperative outcomes (e.g., safety, operation
time, mortality, and length of postoperative stay).

Endpoints

The primary endpoint was the identification rate of the
demarcation line of the target segment. The secondary
endpoint was the perioperative outcome.

Statistical analysis

All statistical analyses were carried out with the JMP
software program (Version 13.2; SAS Institute, Inc.,
Cary, NC, USA). A P value of <0.05 was considered to be
statistically significant.

Results
Patients characteristics

The patient characteristics are described in 7able 1. There
were 10 male and 10 female patients, and their median age
was 72 years (range, 37-80 years). The median Brinkman
index, which is calculated by daily number of cigarettes
x years, was 0 (range, 0-2,640), the median body surface
area (BSA) was 1.55 m’ (range, 1.39-1.97 m’). The median
predictive vital capacity (% VC) was 100.5% (range,
63.1-120.6%), the median forced expiratory volume in
1 second (FEV)/forced vital capacity (FVC) ratio (FEV,%)
was 74.7% (range, 55.2-118.5%), and the median predictive
diffusing capacity for carbon monoxide (%DLCO) was 90.1%
(range, 47.1-170.4%). Eighteen cases were primary lung
cancers, and two were metastatic lung tumors. The tumors
were mainly in the right lower lobe and left upper lobe.

Perioperative data

The perioperative data are summarized in Table 2.
Seven patients underwent C-VATS segmentectomy,
11 underwent H-VATS, and 2 underwent thoracotomy.
For open thoracotomy, we used the VATS camera only
when identify areas with ICG. The median operation time
was 137.5 min (range, 82-175 min), and the median blood
loss was 30 mL (range, 5-140 mL). The identification of
the target segmental line was possible in 18 (90%) of the
20 patients. Although two patients were added ICG 5 mg
because the target segmental line was unclear, the boundary
line was unclear at all. Therefore, the segmental lines were
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Table 1 Patient characteristics

Motono et al. ICG navigated segmentectomy

Table 2 Perioperative data

Characteristic Number Variable Number
Gender (male/female) 10/10 Approach, n [%]

Age, median (range) (years) 72 [37-80] C-VATS 7 [35]
Brinkman index, median (range) 0 (0-2,640) H-VATS 11 [55]
Body surface area, median (range) (m°) 1.55 (1.39-1.97) Thoracotomy 2[10]

%VC, median (range) 100.5 (63.1-120.6)

FEV,%, median (range) 74.7 (55.2-118.5)
%DLCO, median (range) 90.1 (47.1-170.4)

Primary disease (lung cancer/ 18/2
metastatic tumor)

Location (side/segment)

Rt/3 1
Rt/6 4
Rt/8 1
Rt/9+10 1
Rt/basal 3
Lt/1+2 1
Lt/upper division 3
Lt/lingula division 3
Lt/6 1
Lt/8 2

%VC, predictive vital capacity; FEV, %, forced expiratory volume
in 1 second/forced vital capacity ratio; %DLCO, predictive
diffusing capacity for carbon monoxide.

identified intraoperatively with inflation/deflation of the
target segment by clamping and unclamping the relevant
bronchus for the two patients. Figure 1 shows that the
segmental line is clearly identified using NIR fluorescence
imaging with ICG. The median duration of chest tube
placement was 1 day (range, 1-8 days), and the median
length of postoperative stay was 8 days (range, 4-24 days).
Complications occurred in 5 (25%) of the 20 patients. All
cases were prolonged air leak that required pleurodesis.
There were no complications resulting from NIR
fluorescence imaging with ICG.

Discussion

Technological advances in imaging modalities, such as the
advent of high-resolution CT, have resulted in the earlier
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Operation time, median [range] (min) 137.5 [82-175]

Blood loss, median [range] (mL) 30 [5-140]
Identification rate (%) 90
Duration of chest tube placement, median 1[1-8]
[range] (day)
Length of postoperative stay, median [range] 8 [4-24]
(day)
Complication

Pulmonary fistula 5
Morbidity (%) 25
Mortality (%) 0

C-VATS, complete video-assisted thoracic surgery; H-VATS,
hybrid video-assisted thoracic surgery.

detection of GGN or small metastatic lung tumor. In some
reports, sublobar resection for early-stage NSCLC resection
has shown a trend toward a more favorable prognosis than
lobectomy (1,2). Furthermore, current evidence indicates
that radical sublobar resection should be considered as an
alternative for stage IA NSCLC of <2 cm, even in low-risk
patients (14-16). It is important to identify the anatomic
segmental line for lung segmentectomy. Traditionally,
segmental lines were identified intraoperatively with
inflation/deflation of the target segment by clamping
and unclamping the relevant bronchus. However, the
inflated lung may obstruct the view of the target segment,
particularly in VATS. Several studies have reported
the utility of identifying the segmental line using NIR
fluorescence imaging with ICG (2-13). While the route of
administration of ICG is mainly intravenous, intrabronchial
administration has been attempted in a few cases. The
identification rate of the demarcation line of the target
segment with intravenous and intrabronchial administration
ranged from 90-100% (7Table 3). Although the utility of
intrabronchial administration of ICG has also been reported,
intravenous administration of ICG might be considered
to be easier. ICG is generally considered safe, and the
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Figure 1 Near-infrared fluorescence imaging with indocyanine green. (A) Target segment (the right segment 6) was not visualized blue
by IMAGE1 STM, KARL STORZ; (B) target segment (the left lingular division) was not visualized green by PINPOINT Endoscopic
Fluorescence Imaging System, NOVADAQ); (C) target segment (the left basal segment) was not visualized green by VISERA ELITE II,
OLYMPUS; (D) target segment (the left upper division) was not visualized green by 1588 AIM, Stryker.

Table 3 Published studies using ICG as an intraoperative near-infrared fluorescence imaging for lung segmentectomy

Study Year Dose Route Number of patients Success (%)
Misaki 2010 3 mg/kg Intravenous 8 100
Sekine 2012 50-75 mg Intrabronchial 10 100
Kasai 2013 3 mg/kg Intravenous 10 90

0.5 mg/kg Intravenous 20 95
Tarumi 2014 3 mg/kg Intravenous 31 90
lizuka 2016 5 mg/kg Intravenous 74 98.6
Mun 2017 0.25 mg/kg Intravenous 20 95
This study 2019 5 mg Intravenous 20 90

ICG, indocyanine green.

incidence of severe adverse reaction has been reported to
be 0.05% (17). In previous studies, the dose of ICG used
for lung segmentectomy ranged from 0.25 to 5 mg/kg
(e.g., 15 to 300 mg of ICG applied to a patient weighing
60 kg), and no complications were attributed to ICG
(3-6,8,12). However, the incidence of anaphylactic shock
due to ICG used for angiography at doses of 25 to 75 mg
was reported to be 0.05% (18). Furthermore, three cases of
anaphylactoid reaction to ICG that may have been mediated
by dose-dependent pseudo-allergic mechanism (19).
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Although the dose of ICG was quite low at 5 mg in the
present study, the identification rate of the demarcation line
of target segment was 90%, so this dose of ICG achieves a
sufficient rate of identification of the segmental line. Using
such a low dose of ICG is safe, as well, by helping avoid
anaphylactic shock.

In this study, we used four types of NIR thoracoscopy
system: IMAGE]I S™ KARL STORZ, Endoscope
(Japan K.K.); PINPOINT Endoscopic Fluorescence
Imaging System (NOVADAQ); VISERA ELITE II
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(OLYMPUS); and 1588 AIM (Stryker). Although we
examined whether there were differences among these four
NIR thoracoscopy systems, the segmental lines were clearly
identified and there were no marked differences in the
visualization of the target segmental line.

Limitations

Several limitations associated with the present study warrant
mention. First, the study was performed in a small number
of patients with a single-institution experimental design.
Second, we failed to identify the segmental line in two
cases. The blood flow of the emphysematous and bullous
lung tissue is lower than that of the normal lung, so the
visualization of the segmental line by ICG can be difficult
in emphysematous lungs (20). However, while these two
cases were indeed heavy smokers and had emphysematous
lungs, other patients with emphysematous lungs showed
well-defined borders. Therefore, the reason for the unclear
visualization of the segmental line by ICG should be further
explored in future studies.

In conclusion, NIR fluorescence imaging with ICG is
safe and useful for the identification of the demarcation line
for lung segmentectomy. Low-dose ICG might achieve a
sufficient rate of identification of the segmental line while
still avoiding anaphylactic shock.
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