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Introduction 

Lung cancer is the leading cause of cancer death 
in the world [1]. The frequency of detection of 
ground-glass nodules and small pulmonary metas-
tases has increased due to advances in clinical im-
aging/staging modalities [2, 3]. A recent clinical trial 

demonstrated the efficacy of low-dose comnputed 
tomography (CT) screening for high-risk individuals, 
potentially increasing the expected detection rate of 
early-stage lung cancer [4]. Early-stage lung cancer 
had a chance for less invasive surgery, and achieved 
a higher survival. Due to the minimal postoperative 
morbidity and mortality along with less pain and 
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A b s t r a c t

Aim: This study aimed to assess the clinical effectiveness of video-assisted thoracoscopic surgery (VATS) in ear-
ly-stage lung cancer by indocyanine green (ICG) for tumor mapping.
Material and methods: Thirty patients with early-stage lung cancer with peripheral nodules smaller than 2 cm 
scheduled for computed tomography (CT)-guided microcoil placement followed by ICG tumor mapping by VATS 
wedge resection were enrolled. After microcoil deployment, 100 to 150 ml of diluted ICG was injected percutaneously 
near the nodule. The nodule initially was localized solely by using a near-infrared ray (NIR) thoracoscope to visualize 
ICG fluorescence. Thoracoscopic instruments were used to determine the staple line. Wedge resection was performed 
after confirmation of the location of the microcoil using fluoroscopy and pathology results.
Results: Thirty patients underwent VATS resection. The median tumor size was 1.3 cm by CT. The median depth 
from the pleural surface was 1.7 cm (range: 0.5–3.8 cm). The median CT-guided intervention time was 25 min, and 
VATS procedural time was 50 min. ICG fluorescence was clearly identified in 30 of 30 patients (100%). The surgical 
margins were all negative on final pathology in all included cases. The final diagnoses were 30 primary lung cancers; 
none needed additional resection.
Conclusions: CT-guided percutaneous ICG injection and intraoperative NIR localization of small nodules are safe 
and feasible. These offer surgeons the ease of localization through direct indocyanine green fluorescence imaging 
without the use of fluoroscopy and may be a complementary technique to preoperative microcoil placement for 
nonvisible, nonpalpable intrapulmonary nodules.
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a better quality of life than with an open thoracoto-
my, video-assisted thoracoscopic surgery (VATS) has 
been known to be ideal for resection of small nod-
ules [5, 6]. During VATS, localizing the small-sized 
pulmonary nodules is challenging when no chang-
es appear on visceral pleura [7]. Inadequate nodule 
localization may lead to prolonged operative time 
while searching for the nodule or result in conver-
sion to open thoracotomy [7, 8]. 

With the current shift toward minimally invasive 
surgery, intraoperative localization of small lung 
nodules has become a critical challenge. Preopera-
tive localization techniques have been introduced 
as a method of improving the success rates of VATS 
and preventing unwanted thoracotomy [7]. Recent-
ly developed fluorescence-based optical imaging 
methods are being used for navigation in various 
fields of surgery [2]. Indocyanine green (ICG) is used 
for evaluation of liver function, cardiac output, and 
so on [9]. The emission of fluorescence by ICG can 
be detected even within deeply located structures 
because it is transmitted through tissue [10, 11]; 
therefore, ICG-based optical imaging can provide 
minimally invasive imaging of vessels and lymphat-
ic ducts deep inside organs, and real-time imaging 
during surgery. ICG-based imaging has been recently 
used in the field of thoracic surgery for early-stage 
lung tumor. 

Aim

The purpose of the current study is to assess the 
clinical effectiveness of VATS wedge resection in ear-
ly-stage lung cancer by ICG for intraoperative tumor 
mapping.

Material and methods

This study was prospectively performed with data 
collected from patients who had undergone VATS 
wedge resection for early-stage lung cancer at our 
hospital between March 2016 and August 2019. The 
inclusion criteria for our study were patients with 
undiagnosed peripheral nodules that were smaller 
than 2 cm scheduled for CT-guided microcoil place-
ment followed by VATS wedge resection. Patients 
with suspicious mediastinum on CT or positron 
emission tomography scan underwent preoperative 
endobronchial ultrasound transbronchial aspiration 
to confirm that the mediastinal lymph nodes were 
clear of disease [12]. The exclusion criteria were as 

follows: Patients were excluded if they were younger 
than 19 years of age or older than 85 years of age 
or had undergone lobectomy or segmentectomy, pa-
tients with an allergy to iodine, shellfish, cough mix-
ture, Betadine, or other iodine contrast agents; preg-
nant or potentially pregnant women. This study was 
conducted in accordance with the amended Decla-
ration of Helsinki. The institutional review boards 
of our hospital approved the protocol, and written 
informed consent was obtained from all patients. 

The ICG (IC-Green; Akorn, Inc, Lake Forest, Ill) is 
a water-soluble anionic, amphiphilic NIR fluorophore 
with an excitation wavelength of 790 nm, an emis-
sion wavelength of 830 nm, and a molecular weight 
of 774.9 kDa. The ICG was diluted to 2.5 mg/ml us-
ing 25% human serum albumin (ICG : HSA), as albu-
min has been shown to increase the effective hydro-
dynamic diameter of ICG almost 6-fold, resulting in 
increased lymphatic retention [13]. A dose of 100 to 
150 ml of ICG was injected into the peritumoral lung 
parenchyma percutaneously under CT guidance. The 
ICG dose was selected on the basis of previous stud-
ies to exhibit high fluorescence intensity [14]. The 
ICG fluorescence in the lung tissue was captured by 
the NIR thoracoscope, which has a 10-mm diameter 
and a 30-cm length in a straight, rigid scope. The op-
tical system has a 0-degree view angle, and a 70-de-
gree field of view, transmitting both visible light and 
808 ±5 nm NIR laser. The laser power is classified 
as class 3R at the tip of the scope as per the Inter-
national Electro-Technical Commission IEC60825-1. 
Pulse duration is 17 ms in the maximum setting at 
20 pulses per second.

After confirmation of a satisfactory microcoil po-
sition on CT (Photos 1 A, B), the patient was trans-
ferred to the cone-beam CT table and underwent in-
duction with general anesthesia. After commencing 
VATS, the NIR thoracoscope was used to localize the 
nodule with ICG fluorescence. Thoracoscopic instru-
ments were used to clamp the lung to set an imag-
inary staple line for the intended resection (Photos 
1 C, D). X-ray fluoroscopy was then used to confirm 
the location of the microcoil in relation to the instru-
ment, and surgical staplers were then used to carry 
out the VATS wedge resection. Finally, the microcoil 
was localized using intraoperative fluoroscopy as 
the standard of care, and the lesion was removed 
together with the lung parenchyma and the entire 
microcoil. After resection, the specimen was cut 
along the maximum diameter of the lung tumor, ob-
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served with the NIR thoracoscope, and the surgical 
margin was inspected macroscopically. If the surgi-
cal margin was close to the tumor macroscopically, 
an additional resection was performed and sent for 
pathologic evaluation. All tumors were reviewed by 
specialized lung pathologists.

Results

Between March 2016 and August 2019, 30 pa-
tients with small peripheral nodules suspicious for 
malignancy underwent CT-guided placement of 
a microcoil and injection of ICG followed by NIR im-
age-guided VATS resection. All operations described 
in this trial were wedge resections.

The patient characteristics are described in Ta-
ble I. There were 20 male and 10 female patients, 
and their median age was 62 years (range: 32–75 
years). The median forced expiratory volume in 1 s 
(FEV1) was 2.58 l (range: 1.34–4.65%), and the me-
dian predictive diffusing capacity for carbon monox-
ide (%DLCO) was 90.5 (range: 57.2–160.2%). Thirty 
cases were primary lung cancers, and none were 

metastatic lung tumors. The tumor data are listed in 
Table II. The tumors were mainly in the right upper 
lobe (n = 10, 33.33%) and left upper lobe (n = 11,  

Photo 1. A – The microcoil. B – Lung nodule. C – Intraoperative white light imaging using a NIR thoraco-
scope. D – Intraoperative white light, and fluorescence merge image using a NIR thoracoscope

A

C

B

D

Table I. Baseline characteristics of patients

Variable Value

Age, median (range) [years] 62 (32–75)

Gender, n (%): 

Male 20 (66.67)

Female 10 (33.33)

Primary lung cancer, n (%) 30 (100)

Smoking history, n (%):

Current and ever 18 (60.00)

Never 12 (40.00)

Pulmonary function:

%DLCO, median (range) 90.5 (57.2–160.2)

FEV1 [l], mean (range) 2.58 (1.34–4.65)

FEV1 – forced expiratory volume in 1 s, %DLCO – predictive diffusing capacity 
for carbon monoxide.
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36.67%). On CT, there were 9 solid nodules (< 50% 
consolidation/tumor (C/T) ratio ≤ 100%), and 21 pure  
ground-glass nodules (C/T ratio = 0%). The medi-
an CT tumor size was 1.3 cm (range: 0.6–1.9 cm),  
and the pathologic tumor size of 30 cases was  
1.2 cm (range: 0.5–1.9 cm). The median distance 
from the pleural surface to the nodal surface was 
1.7 cm (range: 0.5–3.8 cm). 

The surgical outcomes of patients are summa-
rized in Table III. The median CT-guided interven-
tion time was 25 min (range: 19–49 min), and VATS 
wedge resection procedural time was 50 min (range: 
42–80 min). The median intraoperative blood loss 
was 20 ml (range: 10–50 ml). ICG was successfully 
injected in all patients. During surgery, ICG fluores-
cence was clearly identified in all cases. In 30 cases, 
the NIR thoracoscope was solely used to successful-
ly localize and resect the nodule without the need 
of fluoroscopy. After wedge resection, we confirmed 
NIR fluorescence in the resected specimen. In all cas-
es, the target nodule was successfully removed with 
negative surgical margins, and ICG fluorescence was 
clearly detected in the resected specimen. There 
were no adverse effects related to ICG injection. We 
performed intraoperative lymph node sampling in  
5 cases to confirm negative lymph node metasta-
sis. There were no perioperative or postoperative 
complications. All patients were discharged from the 
hospital without any complication related to the pro-
cedure.

The final diagnoses of the 30 cases included  
21 adenocarcinomas (70%), 3 squamous cell carci-
nomas (10%), 3 adenocarcinoma squamous cell car-
cinomas (10%) and 3 small cell carcinomas (10%). 
Among the 21 primary pulmonary adenocarcinoma 
cases, 15 were adenocarcinomas in situ, and 6 were 
minimally invasive adenocarcinomas. The surgical 
margins of all wedge resection specimens were neg-
ative microscopically without additional resection of 
lung parenchyma.

Table II. Tumor data of patients

Variable Value

CT nodule size, median (range) [cm] 1.3 (0.6–1.9)

CT nodule depth from surface, median 
(range) [cm] 

1.7 (0.5–3.8)

Nodule location, n (%):

Right upper lobe 10 (33.33)

Right middle lobe 2 (6.67)

Right lower lobe 2 (6.67)

Left upper lobe 11 (36.67)

Left lower lobe 5 (16.66)

CT image findings, n (%):

Pure GGN 21 (70.00)

Solid nodule 9 (30.00)

CT – computed tomography, GGN – ground-glass nodule.

Table III. Surgical outcomes of patients

Variable Value

Operation time, median (range) [min] 50 (42–80)

CT-guided intervention time, median (range) 
[min]

25 (19–49)

Intraoperative blood loss, median (range) [ml] 20 (10–50)

Conversion to thoracotomy, n (%) 0 (0.00)

ICGF, n (%) 10 (33.33)

Clear, n (%) 30 (100.00)

Unclear, n (%) 0 (0.00)

Non-detect, n (%) 0 (0.00)

Postoperative complication:

Pneumonia:

IP/AE, n (%) 21 (70.00)

Subcutaneous hematoma:

Chest drainage, median (range) [days] 2 (1–7)

Hospitalization, median (range) [days] 6 (4–10)

Pathologic diagnosis, n (%):

Ad (include AIS and MIA) 21 (70.00)

Sq 3 (10.00)

Ad-sq 3 (10.00)

SCLC 3 (10.00)

Pathologic tumor size, median (range) [cm] 1.2 (0.5–1.9)

Surgical margin, n (%):

≥ Tumor size 30 (100.00)

< Tumor size 0 (0.00)

Pathologic closest resection margin, median 
(range) [cm]

1.0 (0.7–1.9)

ICGF – indocyanine green fluorescence, IP/AE – acute postoperative exacer-
bation of interstitial pneumonia, Ad – adenocarcinoma, AIS – adenocarcino-
ma in situ, MIA – minimally invasive adenocarcinoma, Sq – squamous cell 
carcinoma, SCLC – small cell lung cancer.
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Discussion 

This is the first reported clinical trial to demon-
strate the safety and feasibility of CT-guided peritu-
moral NIR marking of lung lesions and mapping of 
tumor in China. In our clinical trial, 30 patients with 
solitary pulmonary nodule underwent VATS wedge 
resection after ICG injection. The NIR signal detect-
ed 100% of these tumors without complications. 
On the basis of our study, CT-guided percutaneous 
ICG injection with intraoperative NIR localization 
of small nodules was a safe and feasible procedure 
during minimally invasive surgery. It offers surgeons 
the ease of localization through direct ICG fluores-
cence imaging without the use of fluoroscopy and 
appears to be equivalent in localization accuracy 
to preoperative microcoil placement for nonvisible, 
nonpalpable intrapulmonary nodules.

Under the current NCCN guidelines, patients with 
small, peripheral semi-solid, or slow-growing lesions 
may not require a lobectomy (although an anatom-
ic resection is still preferred) [15], and some studies 
indicate favorable long-term outcomes with limited 
resection [16, 17]. These small, ill-defined lesions 
may be difficult to localize intraoperatively; how-
ever, with this technique, they can easily be iden-
tified and staged in a directed fashion and in a sin-
gle operative setting. This is important for patients 
undergoing wedge resection. In the current study, 
we used new NIR thoracoscope technology with the 
ability to simultaneously display and overlay a fluo-
rescence image and a white light image during VATS  
(PINPOINT Endoscopic Fluorescence Imaging; Nova-
daq Technologies Inc, Mississauga, Ontario, Cana-
da). NIR imaging using ICG fluorescence has several 
unique advantages compared with other techniques. 
Furthermore, this technique for targeted nonvisible, 
nonpalpable intrapulmonary nodule mapping may 
offer an advantage for poor surgical candidates 
who cannot tolerate a large anatomic resection but 
would receive better staging than a patient undergo-
ing focused definitive radiation such as stereotactic 
body radiation therapy.

The ICG fluorescence penetrating the lung tissue 
was successfully captured by the NIR thoracoscope 
in 30 cases and was detected regardless of the col-
or of the lung surface. Unlike color dye detection by 
a white light endoscope, the specific wavelength of 
ICG fluorescence is always detectable regardless of 
any changes in color or texture of the visceral pleura, 

which may occur as the result of anthracosis or oth-
er underlying pulmonary diseases. ICG fluorescence 
imaging is easy to understand, real-time, and intu-
itive for the observer. Furthermore, compared with 
other fiducial markers, ICG is safe and does not nec-
essarily have to be removed from lung tissue. 

We acknowledge that the present method has 
limitations and thus room for technical improve-
ment. On examination of the resected specimen, ICG 
fluorescence was clearly detected near the microcoil 
and the tumor. As demonstrated in these cases, the 
depth of the lesion and complete deflation of the 
lung are important factors for optimal ICG fluores-
cence imaging; thus, these factors should be taken 
into account when selecting patients for ICG local-
ization. The next study in preparation is to perform 
ICG localization without the use of a microcoil. Dif-
ferent injection approaches are under consideration. 
Limitations of the current prospective study include 
a  small sample size, and limited histologic and ra-
diographic variability in tumor type. In addition, 
long-term recurrence and survival outcomes are 
necessary in larger, multicenter trials to determine 
whether cases identified as N0 based on SLN status 
behave as true node-negative cases and exhibit bet-
ter overall survival than patients deemed node-neg-
ative by standard hematoxylin and eosin analysis of 
routine LAD specimens.

Conclusions

We have described a  new multimodality ap-
proach for image-guided localization and minimally 
invasive resection of small pulmonary nodules us-
ing a NIR thoracoscope and ICG fluorescence. This is 
a safe and feasible minimally invasive approach for 
localization and resection of small and ground-glass 
nodules. It is a complementary technique to CT-guid-
ed microcoil localization.
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