
© Current Challenges in Thoracic Surgery. All rights reserved. Curr Chall Thorac Surg 2021;3:35 | http://dx.doi.org/10.21037/ccts-19-84

Page 1 of 8

Introduction

With the continuous development of video-assisted 
thoracoscopic techniques, thoracic surgery has changed from 
traditional thoracotomy to minimally invasive surgery; there 
is no doubt that video-assisted thoracoscopic surgery (VATS) 
has shown its great advantages in clinical practice. However, 
numerous reports mention many clinical problems, such as 
small pulmonary nodule localization, sentinel lymph nodes 
(SLNs) recognition, accurate positioning of the pulmonary 
segmental and sub-segmental plane, which have been 
plaguing thoracic surgeons. Compared with conventional 
thoracotomy, the VATS did not show advantages in the 

assessment of tissue blood flow perfusion and the control 
of complications such as anastomotic leakage. Therefore, it 
is necessary to explore new technologies to conquer these 
challenges. 

Indocyanine green (ICG) is a near-infrared fluorescence 
(NIRF) contrast agent that is the only reagent approved by 
the Food and Drug Administration (FDA) for use in human 
subjects due to its low toxicity and high absorbance in the 
near-infrared spectrum. It is a water-soluble molecule that 
binds to plasma proteins immediately after intravenous 
injection and rapidly distribute through blood circulation. 
It is efficiently and selectively taken up by the liver cells 
and passed through the biliary tract. The NIRF imaging 
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system consists of a 785-nm excitation light source, a near-
infrared-sensitive image intensifier, and a customized 
charge-coupled device (CCD) camera outfitted with filters 
to collect fluorescence at 830 nm (Figure 1). Real-time 
fluorescein imaging technology uses a fluorescent contrast 
agent which absorbs near-infrared light, releasing the 
characteristics of different wavelengths of fluorescence, and 
then developing on the screen. ICG real-time fluorescing 
imaging technology can provide real-time tissue perfusion 
image, calibrate specific tissue areas, identify lymph nodes 
for surgeons. This technique can help surgeons make 
important decisions during the surgery. The author reviews 
the application progress of ICG NIRF imaging technology 
in the above-mentioned fields, and expects to provide new 
ideas for thoracic surgeons to settle clinical problems. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
ccts.amegroups.com/article/view/10.21037/ccts-19-84/rc). 

Methods

Electronic databases were systematically searched via 
MEDLINE/PubMed from inception to 2019. The 
following medical subject headings were searched: 
“indocyanine green (or ICG)” and “thoracic surgery”, 
“indocyanine green (or ICG)” and “pulmonary nodule”, 
“indocyanine green (or ICG)” and “pulmonary segment”, 
“indocyanine green (or ICG)” and “gastroesophageal 
anastomosis”,  “ indocyanine green (or ICG)” and 
“pulmonary bulla”, “indocyanine green (or ICG)” and 
“thoracic duct”, “indocyanine green (or ICG)” and “sentinel 
lymph node”. We almost select the latest 5-year literatures 
about ICG NIRF technology used in thoracic surgery to 

guarantee the advancement of our review paper.

Pulmonary nodule localization

For sub-cm pulmonary nodules, precise positioning during 
VATS still presents significant challenges. Conventional 
hook-wire, spring coil, and methylene blue injection have 
complications such as hook-wire slip, dye dispersion, 
pneumothorax, and air embolism. Studies have manifested 
that because of the enhanced permeability and retention 
(EPR) effect (ICG is retained in the tumor tissue due to 
increased vascular permeability), ICG can concentrate in 
tumor tissue (1), but does not damage lung tissue and affect 
pathological diagnosis. Anayama et al. injected ICG (0.3 mL,  
0.15 mg/mL) around the pulmonary nodules of pigs 
through magnetic navigation bronchoscopy. After 6 hours, 
the isolated fluorescent region was successfully observed 
under fluorescent thoracoscopy, and pathological anatomy 
confirmed as isolated pulmonary nodule (2). Clinical practice 
has proven that percutaneous computed tomography (CT)-
guided pulmonary nodules positioning by ICG is safe 
and feasible without serious complications (3). Wen et al. 
studied the median time required for NIRF thoracoscopy 
localization was 15 min [interquartile range (IQR),  
13–16 min; ICG quantity: 0.3–0.5 mL; dye concentration: 
0.125 mg/mL]; it is recommended that surgery be 
performed within 3 hours after labeling to prevent ICG 
from spreading into the pulmonary parenchyma and affect 
the visualization of pulmonary nodules (4). Anayama 
et al. thought that the transbronchial approach can 
provide a similar success rate compared to percutaneous 
positioning (ICG: 2.5 mg/mL, 10 mL). Transbronchial 
localization does not injure the visceral pleura, reducing 
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Figure 1 Principle in NIRF thoracoscope. NIRF technology uses a fluorescent contrast (ICG) agent which absorbs near-infrared light, 
releasing the characteristics of different wavelengths of fluorescence, and then developing on the screen. Fluorescent images are obtained 
when only the near-infrared light is supplied as illumination, while color images are obtained when the combination of both near-infrared 
light and white light are supplied as illumination. NIRF, near-infrared fluorescence, ICG, indocyanine green; CCD, charge-coupled device.
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the incidence of pneumothorax. In addition, bronchoscopy 
can locate sites that are difficult to reach by percutaneous 
puncture, such as the mediastinal side and the part that is 
blocked by the scapula (2,5). Moreover, ICG can also be 
administered intravenously. Okusanya et al. injected ICG 
(5 mg/kg) intravenously 24 h before surgery, the nodule 
detection rate was 88.9% [16/18], the NIRF imaging also 
identified five additional sub-cm nodules, three metastatic 
adenocarcinomas and two metastatic sarcomas (6). 
Mao et al. showed that the mean near-infrared signal to 
background ratio of the pulmonary nodules by intravenous 
ICG (5 mg/kg) was 3.29±1.81, the sensitivity and positive 
predictive value of ICG NIRF imaging were 88.7% and 
92.6%, respectively (7). The sensitivity of this method 
is not affected by factors such as nodules size, metabolic 
activity, histological type, etc., and small nodules that are 
neglected by CT can be also visualized; however, this 
technique has limitations on the depth of nodules, which 
is reported in the literature as 1.3–2.0 cm (4,6). It is unable 
to detect ICG fluorescence because of incomplete deflation 
of the lung caused by inadequate double-lumen bronchial 
tube placement. In lungs with air volume retention, it 
is difficult to see ICG fluorescence (2). Therefore, it is 
particularly important to develop new imaging techniques 
to discover deep nodules and to probe new contrast agents 
to classify different histological nodules (8). According to 
the economics, it is costly to install the guided therapeutic 
operating room with a CT scanner and cone-beam CT 
for intraoperative fluoroscopy, and these technologies may 
not be readily available in the operating room for thoracic 
surgeons.

Precise demarcation of segmental plane

Optimal identification of the intersegmental plane 
can be challenging during thoracoscopic anatomical 
segmentectomy for lung cancer. Previously, the inflation 
test or the post-inflation collapse test had disadvantages 
because there was partial ventilation between the alveolar 
of different pulmonary segments, and the boundaries of the 
lung segments could not be accurately displayed. Moreover, 
the inflation and post-inflation collapse test affected the 
intrathoracic space and impeded surgical procedures, 
especially in patients with emphysema. Animal studies have 
shown that the pulmonary segmental plane can be clearly 
displayed under fluorescent thoracoscopy after intravascular 
injection of ICG (9). In recent years, ICG NIRF imaging 
technology has also been applied clinically. According to 

Mun’s study, ICG-fluorescence (ICGF) by intravenous 
systemic injection (0.25 mg/kg) provided demarcation of 
sufficient clarity and duration to mark the lung surface in 
19 patients (95%). The segmental plane appeared after 
20 s (10–100 s) of ICG injection, and ICGF lasted 180 s  
(90–300 s). Contrast index (CI) peaked 30 s after the 
appearance of ICGF and decreased over time. Effective 
contrast lasted 70 s (30–116 s), which was sufficient to mark 
the line of demarcation (10). Kasai et al. compared the 
identifying efficacy of pulmonary intersegmental plane with 
the use of ICG between 2-wavelength (940 and 805 nm) 
and 1-wavelength (780 and 830 nm) infrared thoracoscopy, 
they found the 1-wavelength method can provide longer 
staining duration than that of the 2-wavelength method (0.5 
vs. 3.0 mg/kg, 370 vs. 220 s, P=0.0001) (11). Some scholars 
have pointed out that transbronchial injection of ICG may 
be superior to intravenous injection. Because the ICG is 
rapidly metabolized by the liver through the bronchial 
venous circulation after intravenous injection, and the 
segmental plane imaging duration is shortened significantly. 
Sekine et al. injected ICG (20 to 30 mL of 5-fold saline-
diluted ICG) into the target pulmonary segment through 
the trachea, and visualized the segmental plane through 
fluorescent thoracoscopy to accurately dissect the target 
segment (12). However, Elkhouly et al. proposed that this 
method has certain defects (13). First, the ICG may return 
from the target bronchus to the bronchial tree, interfering 
with the identification of the segmental plane; second, 
injecting the ICG into bronchus of the target segment may 
cause the tumor cells to spread across the target segment 
to other segments. Therefore, they firstly disconnected the 
blood vessels and bronchus of the target segment, and then 
injected ICG (30 mL of 10% saline-diluted ICG) through 
the trachea, and displayed segmental plane by means of 
fluorescent thoracoscopy within 3–5 minutes, thus avoiding 
the deficiency of the previous method. There are some 
limitations of ICGF in identification of the intersegmental 
plane. A potential issue is the spread of ICG to adjacent 
regions during operation. Another is the amount of ICG 
given and the IRT system are not fixed, as it is important 
to empirically search for the optimal dose and system 
parameters.

Evaluation of blood supply of gastroesophageal 
anastomosis

Anastomotic leakage is considered to be an independent 
risk factor of postoperative mortality in esophageal cancer, 
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and blood supply during gastroesophageal remodeling 
is an important factor affecting anastomotic leakage. In 
recent years, more and more studies report that ICG 
fluorescence technology can provide real-time visualization 
of blood supply and guide the selection of anastomotic 
sites in the gastroesophageal anastomosis. Koyanagi et al. 
demonstrated that intraoperative evaluation of blood flow 
speed through ICG fluorescence technology in the gastric 
conduit wall is an effective means of predicting the risk of 
anastomotic leakage after esophagectomy (14). Rino et al. 
found the blood supply route was mostly located in the 
greater omentum beside the splenic hilum on ICG (2.5 mg) 
fluorescence imaging (15). Kumagai et al. proposed that it 
is safe to perform anastomosis in the area enhanced by ICG 
(2.5 mg) fluorescein angiography within 60 s, resected areas 
with a delayed enhancement time of more than 90 s can 
avoid gastric conduit necrosis. The 90-s rule is a safe and 
effective method for deciding the site of anastomosis (16).  
Meta-analysis also demonstrated that microvascular 
perfusion is  associated with anastomotic leakage, 
application of ICG NIRF technology as an intraoperative 
tool to visualize microvascular perfusion and select 
gastroesophageal anastomotic sites to reduce the incidence 
of anastomotic leakage and improve the safety of surgery 
is feasible (17,18). One limitation is that blood flow in the 
gastric tube is influenced by the patient’s general condition 
during the perioperative period. Another is the assessment 
of fluorescence intensity remains somehow subjective 
with this technology. Future imaging and software 
enhancements are warranted to achieve an objective method 
of fluorescence quantification.

Tracing SLNs

SLNs dissection has become an integral part of the scale 
of LNs dissection for solid malignancies (such as breast 
cancer, malignant melanoma, etc.). For the evaluation of 
SLNs in lung cancer, the current clinical application is 
limited, mainly due to the presence of carbon deposition in 
the intrathoracic lymph nodes. There is no obvious contrast 
after conventional dyeing, resulting in poor recognition 
of SLNs in lung cancer. Gilmore et al. assessed the 
safety and feasibility of near-infrared imaging using ICG  
(3.8 μg) for SLN identification in non-small cell lung cancer 
(NSCLC) in 29 patients. After 5 to 20 minutes, the lymph 
nodes showed successfully (19). In subsequent clinical trials, 
they enrolled 46 patients with considered or confirmed 
lung cancer, and 38 underwent intraoperative application 

of ICG for localization of SLNs. The results showed that 
the SLNs identification was unclear when the ICG dose 
was less than 600 μg; the lymphatic migration and lymph 
node detection rates were increased at doses of 600, 800, 
1,000, and 2,500 μg, which were 33%, 40%, 80%, and 
100%, respectively, and there were no adverse reactions (20).  
Yamashita et al. detected SLNs about 10 minutes after 
injection of 2 mL (5 mg/mL) of ICG around the tumor, 
with a total recognition rate of 80.3% [49/61] and a false 
negative rate of 2.0% [1/49], the overall accuracy rate was 
78.7% [48/61]. The causes of failure were technical failure 
such as ICG leakage from injection sites, intrathoracic 
adhesion, incomplete fissure of lobes, and emphysematous 
lung (21). Oh et al. demonstrated ICG-neomannosyl 
human serum albumin (ICG:HSA) showed a significantly 
improved signal-to-background ratio (SBR) compared with 
ICG alone, ICG:HSA accumulated in the SLNs by uptake 
and retention through the mannose-specific receptors 
on macrophages. Intraoperative color and fluorescence 
imaging system (ICFIS) successfully assisted SLNs 
mapping despite low near-infrared light transmission in the 
commercial thoracoscope. They anticipated that ICG:HSA 
and thoracoscopic ICFIS can be translated to clinical trials 
in the near future (22).

Thoracic duct (TD) imaging

Chylothorax is a common complication of thoracic surgery, 
especially in esophagectomy. Trauma of the TD often 
leads to unplanned secondary surgery for TD ligation. 
Preoperative oral or nasal feeding of whole milk, CT 
lymphography (CTL) or methylene blue injection can help 
trace the leakage of the chyle, but there are shortcomings 
such as poor contrast, bad reproducibility, and coverage 
of mediastinal fat. Animal models have demonstrated 
that NIRF technique provide sensitive, continuous, real-
time TD anatomy and functional imaging in thoracotomy 
and VATS, and are superior to CTL and methylene blue 
injection (23,24). Using a similar method, Yang et al. 
injected ICG (0.2 mg/kg) subcutaneously into the bilateral 
inguinal region approximately 30 min before surgery, and 
with the guidance of real-time fluorescence lymphography, 
the fistulas and the main trunk of the TD were identified 
and double ligated (25). Kaburagi et al. and Matsutani et al.  
reported two patients [one patient was injected 2 mL 
of ICG solution (0.5%) into the mesentery of the small 
bowel, another was injected subcutaneously of 1.5-mL ICG 
solution (0.5 %) into the inguinal region] were performed 
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by abdominal lymphatic ligation with the aid of ICG 
fluorescence navigation and got ahead (26,27). Tan et al. 
successfully traced the TD by injecting ICG intradermally 
into a 5-week-old child to help treat chylothorax after 
Norwood surgery (28). Shirotsuki et al. reported ICG-
NIRF imaging was performed in 10 newborns (11 surgeries) 
with first tracheoesophageal fistula (TEF) operation or with 
persistent postoperative chylothorax after TEF operation. 
They performed NIRF imaging 1 hour after injection of 
ICG (0.025 mg) between the newborn’s toes, and all the 
children successfully found the fistula and sutured with 
no related complications (29). Using ICG-NIRF imaging 
during operation allows the visualization of the TD, which 
may allow preservation of the duct and easier ligation for 
duct injuries. 

Complete resection of pulmonary bulla

Pulmonary bulla resection under VATS is considered the 
preferred treatment for most patients with spontaneous 
pneumothorax. Compared with traditional thoracotomy, 
bullectomy under VATS has the advantages of less bleeding, 
milder postoperative pain, and shorter postoperative 
hospitalization; however, studies have shown that the 
recurrence rate of minimally invasive surgery is higher, 
mainly due to bulla residual, especially in patients who 
are difficult to distinguish the edge of bulla. Compared 
with adjacent normal lung tissue, bulla or emphysema 
lesions have lower tissue density and less blood flow, 
the concentration distribution of ICG after intravenous 
injection is lower. A sudden drop in ICG concentration 
can be visualized in real time by NIRF imaging to clearly 
distinguish between bulla and normal lung tissue. Gotoh 
et al. reported that the emphysema area can be detected 
by fluorescent thoracoscopic surgery after intravenous 
injection of ICG in animal model (30). Subsequently, they 
applied this technique (ICG: 3.0 mg/kg) to the clinic and 
succeeded (31). Matsumoto et al. used ICG (0.5 mg/kg) to 
precisely delineate the diseased lesion using NIRF imaging 
in a 75-year-old woman with a large emphysematous lesion 
in the right lower lobe (32). Li et al. detected a fluorescent 
signal in normal lung tissue 10.5 s after ICG bolus (average 
10–11 s) and lasted for up to 525 s (mean, 480–570 s). 
The bullous lesions showed an obviously decreased 
fluorescent densities comparing to adjacent normal tissue. 
The maximum SBR of 0.2 and 0.6 mg/kg ICG groups 
between normal lung and bullous lesions were 5.77 and 
6.32, respectively (33). None of the above studies have 

complications associated with surgery, demonstrating that 
ICG fluorescence thoracoscopic techniques have higher 
safety and better application prospects in the treatment of 
pulmonary bulla. However, some tissues, like the fibrous 
tissue, which have decreased blood flow may present as low 
fluorescent signal as bullous tissues, so it would need more 
studies to apply this technology into real clinical practice. 
In addition, more ICG doses should be tested before the 
optimal dose was defined.

Recognition of neural tissue

In recent years, ICG-NIRF imaging technique has also 
been applied in nerve tissue labeling and protection during 
thoracic surgery. Wagner et al. reported that fluorescence 
imaging in unilateral right robotic thymectomy (6.25 mg 
of ICG followed by a 10 mL bolus of normal saline) can 
help identify the contralateral phrenic nerve by fluorescing 
the pericardiophrenic vessels (34). This technology has 
the potential to maximize thymic tissue resection with a 
unilateral approach while reducing operative time and 
nerve injury. Weng et al. discovered that the thoracic 
sympathetic ganglions, including the stellate ganglion (SG) 
under ICG fluorescence thoracoscopic surgery (35). This 
new finding may be beneficial for the accurate resection of 
sympathetic nerves in palmar hyperhidrosis. He et al. also 
confirmed from animal experiments (10 mg/kg of ICG) 
to human practice (5 mg/kg of ICG) that ICG fluorescent 
thoracoscopy can locate the ganglia from the SG to the 
sixth thoracic ganglion (T6), as well as the chains between 
these ganglia in all patients with a high SBR value of 3.26 
(standard deviation: 0.57) (36). The technique may replace 
the rib-oriented method as standard practice for mapping 
the thoracic sympathetic nerves. However, the nerve 
imaging mechanism is unclear and remains to be confirmed 
by further animal experiments.

Application in other fields 

ICG NIRF imaging technology can also be applied in others 
fields, such as tracheobronchial surgery (37). Schweiger  
et al. injected ICG intravenously at 0.2 mg/kg body weight 
to assess the anastomotic suture line after the operation. 
They think, in the future, it might contribute to an early 
detection of anastomotic failure and reduce morbidity and 
mortality after airway surgery (38). Kennedy et al. suggest 
that ICG is effective in identifying mesothelioma in humans 
and a murine model (39). In mapping for surgical resection 
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of lung metastasis, ICG NIRF imaging technology is also 
useful (40,41).

Conclusions

With the prolongation of clinical application time of ICG 
real-time fluorescein imaging technology, more and more 
new means have been developed. A large number of animal 
experiments and clinical practice demonstrate the details 
and effects of real-time fluorescence imaging technology 
applied in thoracic surgery, which provides an evidence-
based basis for solving the problems mentioned in this 
paper. It is believed that the ICG NIRF imaging technology 
in thoracic surgery will become more and more extensive. 
In the future, more ICG doses should be tested to define 
the optimal dose. Moreover, future imaging and software 
enhancements are warranted to achieve an objective method 
of fluorescence quantification.
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