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Abstract: The use of the white-light thoracoscopy is hampered by the low contrast between oncologic 
margins and surrounding normal parenchyma. As a result, many patients with in situ or micro-infiltrating 
adenocarcinoma have to undergo lobectomy due to a lack of tactile and visual feedback in the resection of 
solitary pulmonary nodules. Near-infrared (NIR) guided indocyanine green (ICG) fluorescence imaging 
technique has been widely investigated due to its unique capability in addressing the current challenges; 
however, there is no special consensus on the evidence and recommendations for its preoperative and 
intraoperative applications. This manuscript will describe the development process of a consensus on ICG 
fluorescence-guided thoracoscopic resection of pulmonary lesions and make recommendations that can be 
applied in a greater number of centers. Specifically, an expert panel of thoracic surgeons and radiographers 
was formed. Based on the quality of evidence and strength of recommendations, the consensus was developed 
in conjunction with the Chinese Guidelines on Video-assisted Thoracoscopy, and the National Comprehensive 
Cancer Network (NCCN) guidelines on the management of pulmonary lesions. Each of the statements was 
discussed and agreed upon with a unanimous consensus amongst the panel. A total of 6 consensus statements 
were developed. Fluorescence-guided thoracoscopy has unique advantages in the visualization of pulmonary 
nodules, and recognition and resection of the anterior plane of the pulmonary segment. The expert panel 
agrees that fluorescence-guided thoracoscopic surgery has the potential to become a routine operation for 
the treatment of pulmonary lesions.
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Introduction

Although conventional white-light video-assisted thoracic 
surgery (VATS) has been widely accepted and implemented 
over the past decades, more sophisticated surgical 
techniques are increasingly available in thoracic surgery. The 
application of white-light thoracoscopy is restricted by the 
low contrast between important anatomical or pathological 
regions and surrounding normal parenchyma. Both a 
randomized clinical trial in Japan and the Surveillance, 
Epidemiology, and End Results (SEER) program of the 
U.S. National Cancer Institute have demonstrated similar 
survival rates for sublobar resections and lobectomy for 
patients with peripheral-type early-stage non-small cell 
lung cancer (NSCLC) (1,2). Precise anatomical lung 
segmentectomy preserves more lung function (3) and offers 

a better survival prognosis, especially in elderly patients, 
those who have undergone a previous pulmonary resection 
(4,5), and those with poor cardiopulmonary reserve (6,7). 
However, some patients exhibit poor or absent pulmonary 
fissure development, which leads to difficulty in the 
accurate identification of lung segments during surgery and 
subsequently excessive removal of pulmonary parenchyma, 
which has been associated with unfavorable prognosis and 
life status. These outcomes are contrary to the enhanced 
recovery after surgery (ERAS) concept (8,9).

Near-infrared (NIR) guided indocyanine green (ICG) 
fluorescence imaging has long been applied in procedures 
like abdominal surgery and has demonstrated oncologic 
advantages over conventional operative techniques. 
The technology can be utilized for pulmonary nodule 



Cui et al. Consensus on fluorescence imaging for lung resection2320

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2022;11(11):2318-2331 | https://dx.doi.org/10.21037/tlcr-22-810

localization, visualization of the intersegmental plane, 
reverse staining, positive staining, and watershed analysis 
of the target pulmonary artery (10-15). The use of ICG 
fluorochromes has not compromised patient safety and has 
been associated with reduced intraoperative complications 
and the risk of blood clots, with fewer side effects (16). 
Li et al. have demonstrated that percutaneously injected 
ICG can stay in the lung parenchyma for up to 6 days 
without compromising in surgical quality afforded to the 
patient (16). Conversely, NIR-guided segmentectomy, after 
endobronchial injection (11) or intravenous injection (17) 
of ICG solution, allows visualization separation of targeted 
lung segments from normal lung parenchyma under NIR 
fluorescence imaging and is not likely to be affected by 
anthracosis secondary to deposition of light-absorbing 
carbons (18,19). 

It has been found that ICG is safe for use in patients, 
with a very low rate of anaphylactic complications and 
high tissue absorption. The use of ICG imaging reduces 
postoperative complications, the risk of embolism, and 
side effects. In addition, because the use of dilatation and 
collapse method is difficult to operate in the narrow space of 
a single lung segment, and not ideal in chronic obstructive 
pulmonary disease (COPD) and non-intubation surgery, the 

application of ICG imaging can be more convenient and 
reduce the operation time.

Other advantages of ICG include long duration (as 
mentioned above) and that ICG fluorescence is capable of 
deep tissue penetration and can assist in lesion localization.

However, NIR fluorescence imaging-guided resection 
of pulmonary lesions remains a novel technique and 
is not routinely performed outside of certain major 
academic medical centers. Therefore, the role of NIR 
fluorescence imaging in radical resection of lung lesions 
and postoperative rehabilitation remains controversial 
and there is no consensus on this. Here, expert consensus 
recommendations on NIR fluorescence-guided resection of 
pulmonary lesions were developed based on the evidence 
garnered from clinical trials, meta-analyses, case reports, 
and real-world surgical practice.

Methods

Literature review

An expert panel consisting entirely of thoracic surgeons was 
established. The medical subject terms, including “VATS”, 
“lung cancer”, “fluorescence”, “lung cancer”, “ICG”, 
“Intraoperative Molecular Imaging”, and “NIR”, were 
searched in the Embase, PubMed, and Cochrane Central 
Register of Controlled Trials databases. Reference lists 
of the identified eligible articles were further checked for 
relevance. The development process of the expert consensus 
is shown in Figure 1. The main references included were 
the Consensus Guidelines for the Use of Fluorescence Imaging 
in Hepatobiliary Surgery (2020 edition) (8), Expert Consensus 
on Diagnosis and Treatment Using Medical Thoracoscopy in 
China (2021 edition) (20), and Expert Consensus Document 
on Pulmonary Metastasectomy (21). A few of the general 
consensuses of VATS diagnosis and treatment will not be 
elaborated on in this document.

Quality assessment and data analysis

The quality of evidence and strength of recommendations 
were rated according to the Grading of Recommendation 
Assessment, Development, and Evaluation (GRADE) 
approach (22). 

Recommendations were based on the quality of evidence 
(high, moderate, low, and very low) but also on the balance 
between desirable and undesirable effects. Thus, strong 
recommendations were achievable from low-quality data 

Highlight box

Key recommendations 
• Evidence for the safety and effectiveness of fluorescent imaging 

in thoracic surgery appears convincing, representing an excellent 
approach with minimal complications and contraindications.

What was recommended and what is new?  
• Fluorescence-guide thoracoscopy is a new surgical approach widely 

used for its multiple applications. However, its role in radical 
resection of lung lesions remains controversial and there is no 
consensus on this.

• This consensus reports recent advances in fluorescence-navigated 
thoracoscopy, summarizing the indications and its related 
complications. In particular, it could be an excellent approach 
for identifying pulmonary nodules, intersegmental planes during 
thoracoscopic segmentectomy, and for evaluating the surgical 
margin after excision. Conversely, considering the low-quality 
evidence achieved for the detection of sentinel lymph nodes, 
further studies are needed to evaluate its role on this topic.

What is the implication, and what should change now? 
• The expert panel agrees that fluorescence-guided thoracoscopic 

surgery has the potential to become a routine operation for the 
treatment of pulmonary lesions.
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and vice versa. All panel members voted for all the generated 
recommendations, and the consensus was defined as >75% 
agreement among all participants. Recommendations with a 
<75% agreement were revised and voted on again.

Results

The evidence base was provided for each item including 
expert recommendations, evidence quality, and evidence level 
grades were developed through group discussions (Table 1).

Localization of pulmonary lesions: ICG percutaneous 
injection under computed tomography guidance

Preoperative ICG injection was performed under computed 
tomography (CT)-guided puncture to locate pulmonary 
nodules. Precise preoperative localization of pulmonary 
nodules is a key prerequisite to the identification of lesions. 
Localization of small pulmonary nodules is challenging. 
Notably, when ground-glass nodules (GGNs) do not alter 
the surface of the visceral pleura, the elevation of tumors 
cannot be perceived sin the deflated lung during VATS, 
making localization difficult. Suzuki et al. observed a 54% 
overall conversion rate from VATS to thoracotomy which 
increased to 63% for nodules ≤10 mm in size and >5 mm 
from the pleural surface (23). A NIR thoracoscopy can 
detect ICG injected into the lungs as a marker (24). ICG 
can be topically administered into the nodules 24 hours 
before surgery (25). Both percutaneous and bronchoscopic 

injection techniques have been shown to be safe and 
reliable methods for lung nodule localization (26-28). 
As percutaneous marking is not dependent on bronchial 
branching, it can easily be performed by interventional 
radiologists, using the same technique as CT-guided biopsy. 
The success rate of a single marking using the CT-guided 
percutaneous approach is high, and there is minimal risk for 
retained foreign bodies or vascular embolism (16). 

However, there are some details to heed when applying 
this technique. After ICG injection, negative pressure needle 
extraction is required to avoid ICG overflow resulting in 
extensive development of the pleura. The depth of the lung 
lesion also affects the result of ICG imaging. According to 
the experience of different institutions, the ICG imaging 
effect is best when the depth of the lung lesion is less than 
3 cm or pulmonary nodules are located outside 1/3 of the 
lung tissue. For some patients with extensive chest adhesion, 
severe emphysema, or poor pulmonary perfusion, the time 
of ICG-enhanced staining is shortened, and ICG may not 
play a full role. ICG staining should be used with caution 
in these patients (29). Furthermore, complications may also 
occur during CT-guided percutaneous injection puncture 
due to improper operation, it may damage the visceral 
pleura and lead to pneumothorax. 

Recommendation
Percutaneous marking is not dependent on bronchial 
branching, it can easily be performed by interventional 
radiologists, using the same technique as CT-guided biopsy. 
The success rate of a single marking using the CT-guided 
percutaneous approach was high. In terms of cost, the CT-
guided percutaneous approach costs less than other methods 
because it involves only the expense of using the CT 
scanner unless complications, such as severe pneumothorax, 
occur. 

ICG percutaneous injection under CT guidance.
Evidence level: high.
Recommendation grade: strong.

Localization of pulmonary lesions: ICG injection via 
targeted vascular occlusion

After occlusion of target arteries and veins, ICG was 
injected through the peripheral/central vein to image 
the unresected lung segment. The intravenous injection 
method should proceed as follows: based on the results of 
preoperative CT or three-dimensional (3D) reconstruction, 
the vessels in the diseased lung segment(s)/subsegment(s) 

Key question
Can fluorescence thoracoscopy safely 
and effectively assist thoracoscopic 

resection of pulmonary lesions?

Important findings
Fluorescence-guided thoracoscopy has unique 
advantages in the visualization of the pulmonary 

nodules, and recognition and resection of the 
anterior plane of the pulmonary segment.

Main conclusion
Fluorescence-guided thoracoscopic surgery has 

the potential to be a routine operation for the 
treatment of pulmonary lesions.

Figure 1 The algorithm of consensus decision-making.
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are transected or temporarily occluded to dissect the 
diseased lung tissue. Next, a prepared sterile solution of 
ICG is intravenously administered. Ideally, by the ICG 
reverse staining, a visual boundary will appear between the 
preserved segment and the target segment (the target lung 
segment will be dark on negative contrast, while the other 
lung segments will be green because the fluorescent contrast 
agent cannot enter the segmental vessel after dissection) (17).  
The intersegmental planes (ISPs) between the target 
and preserved segments can be visualized by infrared 
thoracoscopy (IRT). After the target lung segment can be 
visually separated from the other segments, it is removed 
with a linear cutter/stapler (30). The ICG solution diffuses 
within 3–5 minutes. With the help of infrared light, the lines 
among lung segments can be seen clearly. The target lung 
segments can be removed along the boundaries (31). The 
lung tissue is endoscopically placed in a sterile bag, removed 
from the chest cavity, and immediately sent for pathological 
evaluation. The extent of surgical resection (lobectomy 
vs. segmentectomy) will depend on the histopathological 
findings of the frozen sectional analysis and institutional 
practices (15). 

The intravenous injection method is simple and easy to 
perform but has the disadvantage of the ICG being rapidly 

metabolized by the liver through the bronchial circulation, 
which leads to a short visualization time. However, repeated 
angiographies can be performed and may be helpful; 
otherwise, intraoperative clamping of the pulmonary lobar 
veins may enable prolongation of washout time (32). In 
addition, previous literature reports have demonstrated that 
ICG-guided watershed analysis of the target pulmonary 
artery for nodule localization is safe and effective, especially 
in selected patients undergoing thoracoscopic wedge 
resection, which may be a feasible and attractive alternative 
method for localizing non-palpable pulmonary nodules (33).

In addition, when a patient has a combination of 
emphysema and underdeveloped lung fissures, the alveolar 
inflation-deflation method will make it difficult to perform 
lung ISP identification. The use of NIR fluorescence 
thoracoscopy is a potential solution to this challenge. 
The combination of NIR fluorescence imaging with the 
intravenous ICG method to generate ISPs has gained 
considerable momentum recently due to its simplicity and 
rapidity. Misaki et al. were among the early pioneers and 
described their experience with ICG for the first time in 
pulmonary segmentectomy in 8 patients (17). In a clinical 
trial performed by Kasai et al., a total of 30 consecutive 
patients who underwent NIR-guided segmentectomy were 

Table 1 The 6 consensus opinions reached by the panel

Recommendations Evidence level Recommendation grade

Route 1: Percutaneous ICG injection

ICG percutaneous injection under CT guidance High Strong

Route 2: ICG injection via the vessels of the target lung segment

Blocking the vessels of the target lung segment and injecting ICG via a peripheral/central 
vein can reveal the intersegmental plane by reverse staining

Middle Strong

In patients with bronchial stenosis or poor lung dilation/collapse, the vascular reverse 
staining method is preferred to display the intersegmental plane compared with the dilation 
and collapse method 

High Strong

Because of the short development time when using the vascular reverse staining method,  
the intersegmental plane boundary can be marked quickly or repeatedly staining with 
repeated injections of ICG; the pulmonary veins can also be clamped to extend the staining 
duration appropriately

Middle Strong

Route 3: ICG injection via airway approach 

Bronchoscopic guidance of ICG injection into the target lung segment via the bronchus to 
stain the target lung segment

Middle Strong

ENB allows ICG to be injected and positioned around the target lesion through an ultra-thin 
bronchoscope

Middle Strong

ICG, indocyanine green; CT, computed tomography; ENB, electromagnetic navigation bronchoscopy.
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evaluated by 2- and 1-wavelength IRT; the rate of successful 
identification of ISPs was 93%; the 1-wavelength group  
(0.5 mg/kg) had a lower ICG dose than did the 2-wavelength 
group (3.0 mg/kg) and longer staining duration, although 
the image quality was relatively poorer (34). Additional 
studies have focused on the evaluation of the true success 
rate of IRT with ICG during VATS, with multiple studies 
reporting high rates of ISP identification. In particular, Tarumi 
et al. demonstrated a success rate of 84.6% (11/13) (35), 
Mun et al. 95% (19/20) (36), and Bédat et al. 88% (59/67 
patients) (37). In a prospective trial by Motono et al., the ISP 
identification efficiency was 90% (18/20) (38). Pischik et al. 
successfully identified ISPs in 86 of 90 consecutive patients, 
with a success rate of 95.6% (29). The ISP identification 
efficiency even reached 100% in research conducted by 
Guigard et al. (22/22) (39) and Chen et al. (19/19) (40). In 
a prospective trial, Iizuka et al. successfully identified ISPs 
in 98.6% of patients and found that smoking index (SI)  
(SI >800) and low attenuation areas >1.0% on CT were 
strong predictors of unfavorable ICG visibility (41). 
Recent studies have demonstrated that NIR fluorescence 
thoracoscopy is non-inferior to the inflation-deflation 
method in ISP identification. Notably, a retrospective 
study by Sun et al. found that ISPs in the fluorescence 
group were consistent with those in the inflation-deflation 
group, with the former having significantly shorter in-plane 
generation time and operative time than the latter (42,43). 
In addition, Soo Chang et al. applied the combination of 
NIR fluorescence imaging and intraoperative CT for ISP 
identification, and complete resection was achieved in all 12 
consecutive patients using this approach (44). 

However, some details need to be taken into account 
when applying the technique. The use of an ICG diluent is 
recommended to reduce the chance of adverse effects (38,45). 
The optimal cutoff volume of diluted ICG (0.0125 mg/mL)  
for insufflation was 8.91% of the calculated targeted 
pulmonary segment volume (46). However, in some cases, 
no fluorescent imaging can be seen after ICG localization 
or no pulmonary nodules can be found after excision. In this 
case, either an expanded excision or an anatomic excision 
with 3D reconstruction should be performed. Furthermore, 
due to the shorter staining duration of transvascular 
ICG injection, it may cause some difficulty in separating 
intersegmental planes during the prolonged use of energy 
instruments. In addition, intravascular ICG reverse staining 
is not recommended for patients who are allergic to iodine.

Recommendation
In patients with bronchial stenosis or poor lung dilation/
collapse, the vascular reverse staining method is preferred to 
display the intersegmental plane compared with the dilation 
and collapse method. During intravenous injection of ICG 
or other ICG-based tracers, the pulmonary lobar veins 
can be clamped after the visual boundaries appear, and the 
boundaries can be marked with electrocautery, which helps 
to avoid a second injection due to the short visualization 
time. The use of an ICG diluent is recommended to ensure 
the duration and effectiveness of the imaging while reducing 
the chance of adverse effects.

ICG injection via targeted vascular occlusion.
Evidence level: middle.
Recommendation grade: strong.

Localization of pulmonary lesions: ICG injection via 
airway approach

By marking the target bronchus under the bronchoscope, 
ICG was directly injected into the corresponding target 
bronchus to image the lung segment to be resected. 
Bronchoscopic marking enables the injection of ICG-
fluorescence (ICG-FL) markers into multiple lung sections 
without injuring the visceral pleura. Additionally, the 
bronchoscopic approach is more feasible for regions of 
the lung that are difficult to reach using a percutaneous 
approach, such as the subscapular area (26). Several 
bronchoscopic localization techniques have been advocated 
and validated in clinical trials, which overcome these adverse 
events associated with percutaneous needle marking (47-50).  
The endobronchial injection method offers relatively adequate 
visualization time for resecting the lung segment (31). In 
addition, describing the ISP of the lung with ICG is 
feasible despite the type of lung segmental anatomy, and is 
commonly utilized during lung segmentectomy (51).

The electromagnetic navigation bronchoscopy (ENB) 
approach was used to locate pulmonary nodules near the 
visceral pleura, based on thin-section CT reconstructed 
images. In this way, the ENB system, using an ultrathin 
bronchoscope (outer diameter: 2.8–3.5 mm), enabled deeper 
visualization into the tracheobronchial tree to reach the 
right position around the target lesion. Subsequently, dye 
marking was performed to inject ICG under the guidance of 
ENB, which can mark the position of the target lesion (52). 
In addition, for patients with multiple pulmonary nodules 
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and inconvenient percutaneous puncture localization, ICG 
fluorescence navigation under ENB guidance is considered, 
which has certain advantages (53). 

However,  there are some disadvantages of  the 
bronchoscopic-assisted localization technique: Localization 
accuracy has some limitations, the locator procedure is 
complicated, and the localization costs are higher.

Recommendation
For patients with inconvenient percutaneous puncture 
localization and multiple pulmonary nodules, ENB-guided 
ICG injection is recommended. In addition, in patients with 
pulmonary lesions with secondary bronchial signs, lesion 
localization with ENB alone may be superior to CT-guided 
lung puncture localization because of similar accuracy but 
lower complication rates in the former (54).

ICG injection via airway approach.
Evidence level: middle.
Recommendation grade: strong. 

Discussion

Detection of subcentimeter pulmonary nodules using 
conventional techniques such as tactile and visual feedback 
is often difficult. These challenges are further exacerbated 
when minimally invasive techniques are utilized. Therefore, 
various techniques such as the inflation-deflation method 
have been proposed to assess the oncologic feasibility 
of sub-global resections. During segmentectomy, the 
inflation-deflation method is challenging to perform, 
particularly in patients with coexisting emphysema and/
or poorly developed lobar fissures, as well as being highly 
dependent on the skills of the operator, which can be 
limited in small-volume centers. IMI-guided resections have 
increasingly been recognized due to their ability to detect 
small pulmonary nodules that are difficult to find during 
conventional surgery as well as allow adequate visualization 
of resected lung segments. Several clinical trials using ICG-
FL imaging have described novel findings (55,56).

According to previous reports’ findings, we summarized 
the indications of fluorescence imaging for thoracoscopic 
lung surgery and its related complications. It can be used 
for pulmonary nodule localization, visualization of the 
intersegmental plane, reverse staining, positive staining, 
watershed analysis of the target pulmonary artery.

The ICG-guided thoracic surgery is very safe with 
minimal complications and contraindications. The reported 
incidence of adverse reactions after ICG use is quite 

low (approximately 0.05%) (57). The vast majority of 
complications are mild, including pneumonia and air leaks, 
which are similar to those following white-light thoracoscopy, 
and require no special intervention (11,29,32,35,40,58-60). 
In addition, allergic reactions to ICG may be mediated by a 
dose-dependent pseudoallergic mechanism (61). Intravenous 
ICG doses for segmentectomy range from 0.25 to 2 mg/kg (and 
perhaps lower at 2 mg/kg), and no ICG-induced complications 
have been reported (17,34-36,38,41,43,62-64). In addition, 
low-dose ICG may achieve a clear ISP while avoiding 
anaphylactic shock and pharmacological toxicity; thus, ICG 
is generally considered safe.

Yang et al. preoperatively marked pulmonary nodules 
using CT-guided percutaneous or electromagnetic 
navigation bronchoscopic injection techniques; after the 
marking, none of the patients experienced a risk of bleeding 
or required chest tube drainage (28). Additionally, Wang et al.  
localized pulmonary nodules by injecting 0.1 mL of ICG 
under the guidance of a magnetic navigation bronchoscope. 
A total of 20 nodules were successfully removed in all 16 
patients, and no bleeding or other complications occurred 
after the localization (65). Finally, Zhong et al. performed 
wedge resection of pulmonary nodules in 30 patients. The 
surgical margins were all negative on final pathology in all 
included cases, and none of the patients needed additional 
resection (59).

Matsuura et al. performed ICG (0.25 mg/kg)-based 
navigation for NIR thoracoscopic segmentectomy in 
149 patients. Neither ICG-related adverse events nor 
procedure-related major complications occurred (66). 
The 5-year overall survival (OS) and recurrence-free 
survival (RFS) rates were 91.8% and 98%, respectively. 
Localized recurrence at the resected site did not occur in 
any patient (67). Similarly, a prospective study reported 
a good safety profile for intravenous low-dose ICG 
solution, with no adverse events occurring after surgery 
in any of the study patients, and complications occurring 
in 5 (25%) of the 20 patients. Another study compared 
the intraoperative and postoperative results in patients 
undergoing segmentectomy under the guidance of IRT with 
ICG versus the lung inflation-deflation cohort; it was found 
that the two groups showed no significant difference in 
operative time, intraoperative bleeding, or complications (35).  
Similarly, a propensity-score matching study found that 
there was no difference between NIR thoracoscopy and 
conventional thoracoscopy in terms of operative time and 
postoperative complications, with shorter hospital stays 
observed in the NIR thoracoscopy group (11). Liu et al. 
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found that, compared with the inflation-deflation method, 
segmentectomy using NIF imaging is feasible for patients 
with chronic lung diseases, conferring a better ISP, shorter 
operation time, fewer complications, and faster recovery (67).  
In a retrospective analysis, Sun et al. found that the 
postoperative duration of air leaks was shorter in the ICG 
group than in the inflation-deflation group, whereas there 
were no significant differences in bleeding volume, chest 
tube duration, postoperative hospital stays, surgical margin 
width, or other postoperative complications (42). Geraci et al.  
successfully performed robotic segmentectomy under 
the guidance of NIR in 245 consecutive patients (68). 
An R0 resection was achieved when using ICG either 
bronchoscopically or intravenously. No postoperative 30- 
or 90-day death was noted; the average length of stay was  
3.1 days (69). Similarly, Okumura et al. (60) demonstrated 
the feasibility of ICG-guided assessment in their cohort of 92 
patients undergoing segmentectomy. 

Wada et al. demonstrated successful completion of 
segmentectomy following bronchoscopic injection of 
ICG in 87% (13/15) of patients, and no postoperative 
adverse events were reported (30). Elkhouly et al. explored 
segmental resection after endobronchial injection of ICG 
diluted to 10% in 3 patients. There were no reported side 
effects, and no recurrence occurred during the 12 and  
15 months of follow-up, respectively (31). In a propensity-
matched analysis, Sekine et al. found that the short- and 
long-term outcomes of segmentectomy were similar 
between an ICG bronchoscopic injection group and an 
inflation-deflation method group (69). Therefore, evidence 
for the safety and effectiveness of fluorescent imaging for 
thoracoscopic sublobectomy appears convincing.

Conclusions

This consensus document summarizes recent advances 
in fluorescence-navigated thoracoscopy, with an attempt 
to further promote its application of radical resection of 
pulmonary lesions under the guidance of fluorescence.

Questions to be further discussed and considered

Which method do you think is better for the 
identification of ISPs: the inflation-deflation method or 
fluorescence imaging?
Chang Young Lee: I think that fluorescence imaging 
is a better method for the identification of ISPs during 
thoracoscopic segmentectomy. But there are some 

disadvantages or limitations to the fluorescence technique, 
so surgeons should know how to use the inflation-deflation 
technique correctly.

Eugenio Pompeo: In our view, fluorescence imaging 
provides a more clear view of the ISP during lung 
segmentectomy.

Feredun Azari: Clearly fluorescence imaging is superior 
in visualizing the ISPs. Currently, intuitive technologies 
have employed ICG NIR cameras in their robotic surgical 
devices which allows intersegmental anatomic delineation. 
This is done in realtime and can be performed in situ in the 
thoracic cavity.

Hitoshi Igai: I consider that fluorescence imaging is 
more useful and convenient especially in thoracoscopic 
surgery because inflated lung sometimes hinders surgeons 
from getting a good operative view. In addition, the 
inflation-deflation method cannot work appropriately in the 
emphysematous lung.

Hyun Koo Kim: Fluorescent imaging is better.
Marco Andolfi: With the spread of the VATS approach, 

I think fluorescence imaging represents the best method for 
the identification of ISPs.

Indeed, although to date the most common maneuver 
used for delineation of the ISP consists of the inflation-
deflation method, some shortcomings, such as the limited 
and narrow surgical view due to the overinflated lungs, 
and the intra-parenchymatous diffusion of air, resulting in 
an imprecise marking of the ISP, in particular in patients 
with emphysema, were evidenced. On the other hand, 
fluorescence imaging allows overcoming these criticisms, 
guaranteeing an accurate detection of ISP without reducing 
surgical space in VATS and not requiring skilled surgical 
staff.

Masatsugu Hamaji: Both methods have advantages 
and disadvantages, whereas fluorescence imaging using 
ICG appears more straightforward and objective, without 
interfering with the thoracoscopic view by lung ventilation

Massimiliano Bassi: Intravenous ICG injection after 
suture of the segmentary pulmonary artery provides, in 
my opinion, the best view of the ISP. However, it requires 
dedicated tools that are not available worldwide.

Wolfram Karenovics: Both are good, but NIR imaging 
is much easier, quicker, and more convenient for VATS. 
This makes ICG to me superior (and I stopped using any 
insufflation method many years ago).

Yojiro Yutaka: I prefer fluorescence imaging to the 
inflation-deflation method because an inflated lung 
sometimes hinders the thoracoscopic view.
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Yoshihisa Shimada: I used to perform the inflation-
deflation method on segmentectomy, but currently do 
it with NIR because the latter technique is simple and 
convenient. When it comes to the best method for the 
identification of ISPs, the exposure of intersegmental 
pulmonary veins seems to be the best. For a lung nodule 
with emphysema, NIR is better. When NIR fails to identify 
the plane due to unknown reasons (some anatomical 
issues?), the inflation-deflation method is conducted. It 
depends on the case.

Yukinori Sakao: I think the fluorescence imaging method 
is much better than the inflation-deflation method.

Which is the most commonly used method for 
segmentectomy in your institution? Why?
Chang Young Lee: In our institution, ICG methods have 
been recently used.

Eugenio Pompeo: We use both the inflation-deflation 
method, which is simpler and easier to choose, and the ICG 
fluorescence imaging, which we consider more accurate but 
more complicated to perform.

Feredun Azari: This is a biased statement from my point 
of view. We are one of the largest IMI thoracic research 
groups in the world. We conduct very large NIR clinical 
trials and therefore have significant expertise in ICG-
guided visualization. However, some of the surgeons at 
our center use the inflation-deflation method because they 
are comfortable with that technique, it does not require 
additional camera systems and adds cost to the operation

Hitoshi Igai: Our team usually uses fluorescence imaging 
to identify an ISP except for the patients with iodine 
allergies.

Hyun Koo Kim: Fluorescent imaging is a routine 
procedure in my hospital, which is easier to identify an ISP 
without an obstacle in the operative field.

Marco Andolfi: In our institution, we usually used the 
inflation-deflation method for typical segmentectomies. 
Indeed, in these cases, where only one ISP has to be 
identified, the demarcation is quick, easy, inexpensive, and 
no need for additional materials or skilled staff. Conversely, 
during complex/atypical segmentectomies, where the 
identification of 2 or 3 ISPs is often unreliable, we use 
systemic ICG injection that allows easy and accurate 
detection of ISPs based only on differential blood flow in 
the lung without the need for inflation.

Masatsugu Hamaji: Fluorescence imaging is now the 
standard method to identify ISPs because the methodology 
appears more straightforward and objective, without 

interfering with the thoracoscopic view by lung ventilation.
Massimiliano Bassi: In our institution, we routinely 

perform the inflation-deflation method to detect the ISP. 
Even if not accurate as the intravenous ICG florescence, 
this method is feasible, quick, intuitive, and can be 
performed even if an infrared light optics is not available.

Wolfram Karenov ic s :  We do  a lmost  100% of 
segmentectomies by VATS (uniportal VATS) for the last 
3 years, 3 portals before. We have routinely used NIR-
angiography in all segmentectomies since 2013 or 2014 to 
identify the ISP and in some cases to locate the lesion or to 
identify a sentinel node (in this case we inject the lesion with 
ICG at the beginning of anesthesia with ENB). We divide 
ISPs by stapler. Reasons: habitude, little complications, 
short hospital stay, few air leaks, ICG helps to delineate 
the segment and to make sure we cut the correct vessels 
(improves anatomical resection, assures good margins, 
quality control, etc.).

Yojiro Yutaka: As I mentioned above, fluorescence 
imaging is the most used in our institution, Kyoto 
University. Because inflation-deflation methods depend 
on the airway pressure or respiratory volume that the 
anesthesiologist applies. That is, the inflation-deflation 
line is dependent on the technique of inflation maneuver. 
The demarcation line by intravenous ICG injection can be 
clearly identified (sometimes unclearly) after the division of 
the correct vessels. We usually do that after the inflation of 
the lobe because intralobar circulation can be improved by 
ventilation. Additionally, an inflated lung sometimes hinders 
thoracoscopic view because the remaining lung expands 
after the division of the target bronchus. If I apply inflation-
deflation methods, I ask the anesthesiologist to inflate only 
the target segment, which can check the anatomy of the 
target bronchus via a bronchoscope. Under ICG mode, 
surgeons can follow the bronchial anatomy and identify 
the target bronchus as a fluorescent color even in the clean 
surgical field. It is a tip to identify the correct bronchus to 
be resected.

Yoshihisa Shimada: NIR is simple and convenient.
Yukinori Sakao: We routinely use the fluorescence 

imaging method. I think that the method is simple, 
accurate, and safe.

Please describe your expectations concerning 
fluorescence thoracoscopy
Chang Young Lee: I think that lung cancer-specific agents 
will be available in the near future so small-sized lung 
tumors will be detected without any localization methods 
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preoperatively using the infrared camera.
Eugenio Pompeo: I believe it will be increasingly 

employed in lung segmentectomy provided dedicated 
cameras will be easily available and widespread.

Feredun Azari: As a researcher in this field, the 
enthusiasm in this area will grow. IMI and fluorescence-
guided resections will become commonplace over the 
coming decade. The FDA recently approved cytalux for 
fluorescence-guided surgery and will potentially evaluate 
it in lung cancer surgery. There has been an increasing 
number of tracers and technological advances in this field. 
I am excited about what the future holds for fluorescence-
guided thoracoscopy.

Hitoshi Igai: Fluorescence imaging technique is already 
widespread worldwide, especially to identify an ISP in 
thoracoscopic segmentectomy.

However, the procedure to locate the tumor itself using 
fluorescence imaging has not been established. More and 
more unpalpable tumors have been recently detected in line 
with the advancement of computed tomography. In such 
a case, the procedure to locate the tumor itself can help 
surgeons resect the tumor with sufficient margin.

Hyun Koo Kim: Localization, identification of ISP, 
SLN, and the tumor itself imaging could be applied in near 
future.

Marco Andolfi: I think a fluorescence thoracoscopy is 
an excellent approach, very useful for thoracic surgeons, 
especially now that hybrid ORs are starting to spread 
worldwide. Based on published data and the extension of the 
surgical indication to elderly patients with co-morbidities 
and younger patients with early-stage NSCLC or GGO, 
I see a bright future for this new method in particular 
concerning its application for identifying small pulmonary 
nodules, ISPs during thoracoscopic segmentectomy, and for 
evaluating the surgical margin after excision. Conversely, as 
previously reported, considering the low-quality evidence 
achieved for the detection of sentinel lymph nodes, I think 
that further studies are needed to evaluate its role in the 
context of lymph node sampling in early-stage lung cancer.

Masatsugu Hamaji: I consider the role of fluorescence 
thoracoscopy will expand. We previously performed 
prospect ive  c l in ica l  t r ia l s  ut i l iz ing f luorescence 
thoracoscopy: virtual-assisted lung mapping by ICG and 
NIR imaging using intravenous ICG to locate pulmonary 
metastases.

Massimiliano Bassi: I believe that the advancement 
of knowledge and available tools will lead ICG-guided 
thoracoscopy to become a routine practice worldwide in 

the future. The advantages of the ICG in the localization 
of small pulmonary nodules and the detection of the ISPs 
during segmentectomy are already evident. I believe that 
in the future selective lymph node sampling in early-stage 
lung cancer through the ICG-guided detection of sentinel 
lymph nodes will become an effective option. However, 
before employing technical solutions, a definitive role of the 
sentinel lymph nodes in lung cancer must be achieved.

Wolfram Karenovics:  Many of them have been 
mentioned already: Identification of segment limits and 
ISPs, identification of small lesions, identification of 
sentinel nodes, quality control, the possibility of repeating 
the injection, check perfusion of muscle flaps, possibly 
check perfusion of bronchial anastomosis, real-time analysis 
of lung perfusion.

Yojiro Yutaka: Now I prefer uniportal VATS than robot-
assisted thoracic surgery (RATS). ICG mode in RATS 
is not satisfactory in terms of image sharpness, so the 
improvement of imaging in RATS seems to be necessary.

Yoshihisa Shimada: NIR techniques are highly useful for 
VATS. We also use this to check capillary blood flows after 
bronchoplasty.

Yukinori Sakao: I expect it to be applied as a method for 
distinguishing tumors from inflammatory lesions and for 
sentinel lymph node navigation.
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