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Introduction

Lobectomy is currently the gold standard treatment 
of non-small cell lung cancer (NSCLC) (1). However, 
segmentectomy is a parenchyma-sparing procedure that is 
considered as effective as lobectomy in the treatment for 
early-stage NSCLC (stage IA1 and IA2) (2). In parallel, 
the video-assisted thoracic surgery (VATS) technique is 
associated with less postoperative pain and a better quality 
of life as compared to an open approach for pulmonary 
anatomical resection (3). Consequently, segmentectomy by 
VATS is being used increasingly. However, the difficulty 

in identifying the intersegmental plane (ISP) may remain 
a technical barrier during the procedure. A 3-dimensional 
pre-operative planning provides a better understanding 
of the anatomy (4,5). Nevertheless, the surgeon needs 
intraoperative assistance to identify the ISP correctly. 
Furthermore, according to the American College of Chest 
Physicians, safety margins of 2 cm for tumors larger than 
2 cm or a margin that is at least as large as the tumour 
diameter for smaller lesions are required to avoid local 
recurrence (6,7). Therefore, an adequate identification of 
the ISP during segmentectomy is of special concern for 
the oncological outcome and survival. Several technical 
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procedures have been proposed to identify the ISP during 
VATS segmentectomy. 

The aim of this narrative review is to describe the 
present state of methods to identify the ISP. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://jovs.amegroups.
com/article/view/10.21037/jovs-21-40/rc).

Methods

This narrative review was based on searches in MEDLINE, 
PubMed and Google Scholar database. Keywords used 
for the research included “segmentectomy by VATS”, 
“thoracoscopic segmentectomy”, “ISP” and “intersegmental 
demarcation”. We searched for published articles between 
2000 and 2021. The articles were reviewed by B.B and 
W.K. Duplicate articles were removed. Studies with content 
unrelated to the topic, videos, animal studies, articles not 
written in English and studies prior 2000 were excluded 
from this narrative review. 

Discussion

Identification of the ISP is a key step in segmentectomy 
by VATS. Many new techniques are constantly emerging 
that are driven by new advances in technology. Currently, 
no demarcation technique of the ISP has really succeeded 
in establishing itself universally and each technique has 
its own advantages and disadvantages. Considering the 
anatomy of a pulmonary segment, the pulmonary artery 
and bronchus generally follow a similar path. The vein 

is often located in the ISP. Lymphatic drainage follows 
the bronchi and pulmonary veins. Classically, the ISP is 
determined through the segmental artery and bronchus 
and its visualization is obtained at the visceral pleura. A 
recent clinical trial showed that the dissection of the ISP 
with stapling devices improved the postoperative outcome 
as compared to dissection with electrocautery (8). The 
intra-parenchymatous ISP is also often not determined 
during segmentectomy by VATS. 

The identification of the ISP is established through the 
segmental bronchus and/or the segmental artery (Table 1). 
In addition, different dyes can be injected into the bronchus 
or the artery and different gases can be used to ventilate 
the target segmental bronchus. The target segment may be 
marked positively or negatively. Moreover, intraoperative 
augmented reality can aid to determine the ISP. The 
different methods are summarized below.

Bronchial demarcation

Inflation-deflation 
The inflation-deflation method is the historically 
manoeuver used to establish the ISP in open procedure 
(9,10). This technique consists of occluding the target 
segmental bronchus and then to inflate the lung. This 
technique creates a demarcation line between the deflation 
of the segment to be resected and the inflation of the 
remaining lung. However, the determination of the border 
can be difficult due to collateral ventilation through the 
pores of Kohn and the canals of Lambert into an adjacent 
segment. In VATS, this method limits the thoracic working 
space, especially in emphysematous lungs. Furthermore, this 
method can be time consuming in emphysematous patients 
due to entrapped air into the alveoli and the difficulty to 
empty their lung after selective exclusion.

Modified inflation-deflation method
In  2000,  Tsubota  descr ibed  the  oppos i te  o f  the 
inflation-deflation method. The lobe is inflated after 
the identification of the segmental bronchus and the 
dissection of the artery and the intersegmental vein. The 
bronchus is then dissected to maintain gas inside and 
thereafter the lung is deflated (11). After 10–15 min, the 
ISP is demarcated. Interestingly, demarcation of the ISP 
with the modified inflation-deflation method seems also 
possible with the dissection of the arteria alone, with 
comparable results than after bronchial dissection (12). 
This method should coincide with a hybrid vascular and 

Figure 1 Identification of the ISP after intravenous injection of the 
ICG (the target segment is dark while the remaining lung appears 
bright). ISP, intersegmental plane; ICG, indocyanine green.
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bronchial approach. The modified inflation-deflation 
method is inexpensive but is time-consuming and 
collateral ventilation or airway secretions could impeded 
the identification of the ISP. A recent clinical trial showed 
that the use of nitrous oxide/oxygen inspired mixture during 
the modified inflation-deflation method decreased the 
time to identify the ISP from 16 to 5 min (13). Chang et al. 
added an intraoperative computed tomography navigation 
after an inflation-deflation method in a hybrid operating 
room. This interesting technique permitted to control the 
resection margin (14). 

Selective inflation of the target segment
Contrary to the conventional  inf lat ion-deflat ion 
method, the target segment is here directly inflated. 
After isolation of the targeted segmental bronchus by 
VATS, a high-frequency jet ventilation (40 Hz, working 
pressure of 2 kg/cm2) is injected in the target segment by  
bronchoscopy (15). The selected bronchus is then ligated 
and inflated while the preserved segments are deflated. This 
method affects little on the visual field during VATS but 
requires skilled staff. Nevertheless, the issue of collateral 
ventilation can remain. Another proposed method for a 
selective inflation is the puncture of the bronchus with a 
needle by the surgeon (16). However, we do not recommend 
this method because of the risk of massive air embolism (17). 

Intrabronchial injection of dyes
In 2012, Sekine et al. reported the use of an infrared 
thoracoscopy after preoperative or intraoperative 
transbronchial injection of indocyanine green (ICG) (18). 
ICG is a green dye visible as fluorescence by near-infrared 
light. The target segment appears as a bright area. With a 
bronchoscope, 20 to 30 mL of 5-fold saline-diluted ICG 
is injected into each target segmental bronchus. Then, 
200 to 300 mL of air was injected into the bronchus to 
distribute ICG into peripheral regions. A continuous 
positive airway pressure ventilation was maintained 
until the start of the operation. In a recent study, 
determination of the optimal settings was developed (19).  
They established precisely that the optimal volume of 
diluted ICG for insufflation was 8.91% of the calculated 
targeted pulmonary segment volume. This technique no 
need for lung inflation. However, successful identification 
of the ISP depends on skilled staff, and airway secretions 
may interfere with staining. Furthermore, an inadequate 
demarcation of the ISP can occur if some of the insufflated 
ICG leaks backward. In order to overcome this issue, a 

Fogarty arterial embolectomy catheter may be used for 
sealing the bronchial lumen (20). 

To improve the localization of the nodule during VATS, 
an electromagnetic navigation bronchoscope (ENB) can 
be used. This repeated procedure with multi-spot dye-
marking to select the target segment is called a virtual-
assisted lung mapping (VAL-MAP) (21). This method 
was originally developed as an alternative to CT-guided 
marking. This technique has some advantages for VATS  
segmentectomy: the resection margins can be marked 
and the resection lines can be flexibly designed in 
another adjacent segment. In addition to the VAL-MAP, 
bronchoscopic placement of platinum microcoils can be 
placed to indicate appropriate resection margins (22). 

Arterial demarcation 

In 2009, Misaki et al. first reported injecting ICG 
intravenously intraoperatively to identify the ISP after 
resection of the segmental artery (23). Since then, this 
method has been widely studied (24-31). This method is 
the one we use. Contrary to the intrabronchial injection 
method, the target segment is dark while the remaining 
lung appears bright (Figure 1). After division of the target 
artery, ICG is injected into the central or peripheral vein 
with an initial dose of bolus of 0.15 mg/kg. The ISP in 
then marked with electrocautery. Intravenous ICG method 
has major advantages: it’s very quick, repeatable multiple 
times, there is no need for a skilled staff, and it permits to 
verify if the target segment is a reasonable consideration 
for resection by clamping the artery. In a previous study, 
we considered that intravenous ICG changed the arterial 
dissection in 10% of patients, avoiding inappropriate 
resection (31). Furthermore, Mehta et al. showed that 
the use of ICG during segmentectomy could increase 
the oncological margin length as compared to the best 
judgement of the surgeon (32). However, the ISP may be 
misleading or confusing due to emphysema or collateral 
circulation. 

Sun et al. compared the intravenous ICG method with 
the conventional inflation-deflation method. Both methods 
were used in 19 patients to delineate the ISP (33). They 
found that intravenous ICG method was totally concordant 
with the modified inflation-deflation method. Finally, the 
benefit of a hybrid technique of VAL-MAP and systemic 
injection was recently demonstrated for a nodule deeply 
located between the left upper division segment and the left 
lingular segment (34). 
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Table 1 Identification of the ISP

ISP 
demarcation

Techniques Pros Cons

Bronchial 
demarcation

Inflation-deflation Easy Imprecision (collateral ventilation)

Inexpensive Reduce the thoracic working space

Time consuming in emphysematous patients 
(entrapped air)

Modified inflation-deflation 
method

Easy Imprecision (collateral ventilation)

Inexpensive Time consuming

Selective inflation of the 
target segment

Inexpensive Need for skilled staff

Affect little the thoracic working space Imprecision (collateral ventilation)

Visual control of the target segment during 
bronchoscopy

Intrabronchial injection of 
dyes

No need of inflation Need for skilled staff

Can mark the resection margins (VAL-MAP) Inadequate demarcation if ICG leaks backward

Cost

Arterial 
demarcation 

ICG Easy Cost

Quick

Repeatable

No need of inflation Imprecision in emphysematous patients or 
collateral circulation

Accurate detection of ISP

Could increase the resection margin length

Hyperspectral imaging Same advantages as ICG Cost

No need of intravenous injection

ISP, intersegmental plane; ICG, indocyanine green; VAL-MAP, virtual-assisted lung mapping.

Conclusions

Hybrid procedures with mixing techniques have generated 
a plethora of articles on the feasibility of each procedure. 
All techniques seem to be associated with a high success 
rate but only one study compared different methods in the 
same patients (33). Finally, the last method not published 
but practiced is the identification of the ISP by the eyes 
of the surgeons. Another promising system to identify 
ISP during VATS is the hyperspectral imaging that would 
permit to display tissue oxygen saturation and other 
parameters without dye. Frankly, none of these methods 
has shown its oncological superiority over another. Margin 
resection in segmentectomy is a matter of concern to avoid 
local recurrence. Segmentectomy can only be indicated 

and performed if the resection can be safe and oncological. 
The best technique to identify the ISP is ultimately the 
one that can avoid recurrence. 
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