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Background: Currently, methods for identifying the intersegmental plane during anatomical 
segmentectomy can be classified into 2 categories: the bronchial method and the vascular method. One of 
the vascular methods, the arterial-ligation-alone method, has not yet been validated or objectively evaluated 
in a large case series. We thus aimed to confirm that the arterial-ligation-alone method could effectively and 
accurately identify the intersegmental plane. 
Methods: We retrospectively reviewed the records of 104 patients who were scheduled for thoracoscopic 
anatomic segmentectomy. Preoperative three-dimensional (3D) reconstruction was performed on all the 
affected lungs to distinguish the targeted segmental arteries, veins and bronchi. The procedure was as 
follows: first, based on the 3D reconstruction of the lung, the targeted segmental arteries were distinguished 
and ligated. Second, bilateral pulmonary ventilation was performed with pure oxygen. When the affected 
lung had completely inflated, contralateral pulmonary ventilation was performed. After waiting for some 
time, the first intersegmental plane could be obtained, and the time was recorded as T1, with an electric 
coagulation hook being used for marking. Thirdly, when the targeted segmental veins and bronchi had been 
ligated, the second intersegmental plane could be obtained by the inflation-deflation method as before, with 
the waiting time being recorded as T2. The differences between the 2 intersegmental planes were evaluated 
by 2 experienced chief thoracic surgeons.
Result: In a total of 99 (95.2%) patients, the intersegmental planes were successfully and accurately 
identified by the arterial-ligation-alone method. Ultimately, 85 (81.7%) patients underwent thoracoscopic 
anatomic segmentectomy. The results for evaluating the differences between the 2 planes were as follows: 
completely consistent (94 cases, 94.9%), basically consistent (5 cases, 5.1%), and discrepant (0 cases, 0%). 
The mean T1 was 13.6±2.7 minutes (range, 8–25 minutes), and the mean T2 was 13.0±2.6 minutes (range, 
8–23 minutes), with P=0.100 (95% CI). For 99 patients, the mean nodule size was 1.1±0.34 cm. In the 85 
patients who underwent segmentectomy, the mean margin width was 2.84±0.51 cm, the mean operative 
duration was 165.6±18.3 minutes, the mean operative hemorrhage was 52.1±20.2 mL, and the mean duration 
of chest tube drainage was 3.9±1.3 days. Postoperative complications related to operative procedures 
occurred in 2 cases.
Conclusions: The arterial-ligation-only method can effectively, accurately and inexpensively identify 
the intersegmental plane, and is especially suitable for the patients whose veins or bronchi are difficult to 
anatomize. Whether the target bronchus is ligated has no effect on the intersegmental plane.
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Introduction

Globally, lung cancer has the highest morbidity and 
mortality among malignancies (1), and thus the early 
diagnosis and treatment of lung cancer are of utmost 
importance. With the popularization of low-dose computed 
tomography (LDCT), it is easier to diagnose early-stage 
non-small cell lung cancer (NSCLC) with the image 
manifestations of ground-glass nodules (GGNs) (2). 
Stemming from the prevalence of precision medicine, many 
retrospective studies have been conducted and show that 
segmentectomy produces the same oncological outcomes 
as lobectomy in early-stage NSCLC with the image 
manifestation of GGNs (3,4). Thoracoscopic anatomic 
segmentectomy is thus not only an alternative choice for 
lung cancer with poor cardiopulmonary reserve or other 
advanced complications, but can also be a radical surgery 
for T1a and selected T1b tumors (5,6).

Accurate identification of the intersegmental plane is one 
of the challenges in thoracoscopic anatomic segmentectomy. 
The bronchial method is used to identify the intersegmental 
plane by acting on the pulmonary segmental bronchi, which 
is technically feasible and fast. However, the identification 
of the intersegmental planes in this method is inaccurate, 
due to the presence of Kohn pores, Lambert canals and 
direct airway anastomosis (7). The vascular method includes 
the arterial-ligation-only method and intravenous injection 
of indocyanine green (ICG), which, while being more 
technically complicated than the bronchial method, is also 
more accurate. One study indicated that the intersegmental 
plane could be identified when the targeted artery alone 
was closed, without the need to close the bronchus and the 
vein (8). The author explained the theoretical basis from 
the perspective of gas exchange: oxygen in the alveoli enters 
the blood through the gas exchange, and after the ligation 
of the targeted pulmonary arteries, oxygen in the alveoli 
cannot be taken away through blood flow, In this case, the 
targeted pulmonary segment continues to be expanded, 
and the other pulmonary tissues collapse, which results 
in the boundary between the pulmonary segments the 

intersegmental plane being visible. The arterial-ligation-
alone method is theoretically valid, but has not yet been 
validated or objectively evaluated in a large case series.

Our study, therefore, through comparison with the 
modified inflation-deflation method, confirmed that the 
arterial-ligation-alone method could effectively, accurately, 
and inexpensively identify the intersegmental plane, and is 
especially suitable for those patients whose veins or bronchi 
are difficult to anatomize.

Methods

We retrospectively reviewed the records of 104 patients who 
were scheduled for thoracoscopic anatomic segmentectomy 
under  the  gu idance  o f  th ree -d imens iona l  ( 3D) 
reconstruction between September 2017 and June 2019 by 
a team at the Department of Thoracic Surgery, Shandong 
Provincial Hospital Affiliated to Shandong University. 
The study was approved by ethics board of Shandong 
Provincial Hospital Affiliated to Shandong University 
(No. 2017-36) and informed consent was taken from all 
patients. The Hisense computer-assisted surgery system 
(HCAS) reconstructed the lung structure of each patient 
according to datum of chest thin high-resolution computed 
tomography examinations (layer thickness =1 mm). HCAS 
is a CT medical image preprocessing and segmentation 
software independently developed by Hisense. This 
system not only can divide the virtual lung into different 
segments according to the bronchi and distinguish them 
with different colors (Figure 1A), but can also present the 
segmental arteries, veins and bronchi separately (Figure 1B).  
Furthermore, HCAS supports the transparency of any 
pulmonary segment and rotation at any angle, which can 
effectively help the surgeon to estimate intersegmental 
planes and preoperative simulations. 

All patients underwent general anesthesia with double-
lumen endotracheal intubation, while being positioned 
in the lateral decubitus position and being administered 
contralateral ventilation with pure oxygen. The surgical 
approach involved 2-hole access (the operating hole was 
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about 3.0 cm in the fourth or fifth intercostal space, and the 
endoscopic hole was about 0.7 cm in the seventh intercostal 
space). According to preoperative 3D reconstruction 
(Figure 2A), we first dissociated targeted pulmonary vessels 
and bronchi and ligated the targeted pulmonary arteries. 
Next, bilateral pulmonary ventilation was used to fully 
inflate the entirety pulmonary lobes with pure oxygen (8,9). 
Contralateral-unilateral ventilation was performed once 
again, while, surgeons stopped all surgical procedures. After 
5 minutes of contralateral-unilateral ventilation, the surface 
of the lung was observed every minute by thoracoscopy 
until the intersegmental plane was presented clearly as 
determined by 2 experienced chief thoracic surgeons who 
recorded the time spent waiting for the intersegmental 
planes as T1. The first intersegmental plane was marked 
by an electric coagulation hook. Next, the targeted 
segmental bronchi and veins were ligated, and the second 
intersegmental plane was obtained by using the inflation-
deflation method as before (Figure 2B), the time spent 
waiting for the second intersegmental plane was recorded 
as T2. In order to evaluate the differences between the 2 
intersegmental planes, we selected the margin with the most 
obvious difference between the 2 intersegmental planes 
to measure and recorded this as D (Figure 2C). According 
to the D value, we divided the differences between the 2 
intersegmental planes into 3 levels: completely consistent, 
D ≤0.3 cm; basically consistent, 0.3 cm < D ≤0.5 cm; 
discrepant, D >0.5 cm. If there was a significant difference 

(D >0.5 cm) between the 2 intersegmental planes, we used 
an electric coagulation hook and staplers to excise the target 
segment along the second intersegmental plane (10,11). 
Some studies have shown that it is necessary to preserve 
intersegmental veins that run inside the intersegmental 
plane to mark the boundary of the pulmonary segments (12). 
Because the arterial-ligation-alone method does not involve 
the veins, the risk of damaging the intersegmental veins is 
dramatically reduced (Figure 3). For reference, we recorded 
a video of a segmentectomy of the right anterior basal 
segment by the arterial-ligation-alone method (Video 1).

Both the targeted segments where the lesion was located 
and the lymph nodes underwent intraoperative pathological 
examination. Thoracoscopic lobectomy was performed in 
patients if the intraoperative pathology of the lesion or any 
lymph node was invasive carcinoma. The thoracoscopic 
lobectomy also be performed if the surgical margin was 
insufficient or positive. When the intersegmental plane 
was still not apparent at T1 >30 minutes, or for some other 
reason that the intersegmental plane could not be seen, we 
would inform the patient's family and discussed the next 
surgical method: non-anatomic segmentectomy, lobectomy. 
In addition, due to the lack of relevant equipment in our 
study, the ICG method could not be used to identify the 
intersegmental plane. According to the preoperative 3D 
reconstruction, if the lesion was close to the intersegmental 
plane and the non-anatomic segmentectomy was more 
likely to lead to insufficient or positive surgical margin, 

Figure 1 Preoperative left lung three-dimensional reconstruction. (A) Different colors represent different segments of the lung; (B) the 
overall position of the left pulmonary artery, vein, bronchus, and nodules. The pink structure represents the bronchus, the red structures 
represent the arteries, and the blue structures represent the veins. S, segment.
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thoracoscopic lobectomy was performed after obtaining the 
consent of the patient’s family. The family’s strong demand 
also leaded to thoracoscopic lobectomy. All patients were 
confirmed to have no air leakage or hemorrhagic spot 
before the chest was closed. Perioperative information was 

recorded for all patients, and all patients were followed up 
for 3 months after the operation.

Statistical analysis

Perioperative data were recorded for all cases. All P values 
were 2-sided 95% CI. For the study of the correlation 
between those factors and the time spent waiting for the 
appearance of the intersegmental plane, the univariable and 
multivariable correlation analysis was used. All statistical 
analyses were performed using SPSS 2.0 (IBM, SPSS 
Statistics, Chicago, IL, USA).

Results

A total of 104 patients were enrolled in the trial, and the 
arterial-ligation-alone method successfully obtained clear 
intersegmental planes in 99 (95.2%) of these patients. For 
the 5 (4.8%) remaining patients, in whom intersegmental 
planes were not obtained with the arterial-ligation-alone 
method, 2 patients had the intersegmental planes covered by 
serious anthracosis, and 3 patients had the T1 >30 minutes. 
Patient characteristics and differences between those who 
obtained intersegmental planes with the arterial-ligation-
alone method and those who did not are shown in Table 1. 
For all patients, the lesions were located in the right upper 
lobe (24 cases, 23.1%), right lower lobe (25 cases, 24.0%) 
the left upper lobe (40 cases, 38.5%), and the left lower lobe 
(15 cases, 14.4 %). No lesion was located in the right middle 
lobe. For the 99 patients who obtained clear intersegmental 
planes, the intraoperative pathological examination 
diagnosis revealed: benign lesion (3 cases, 3.0%), atypical 
adenomatous hyperplasia (4 cases, 4.0%), adenocarcinoma 
in situ (58 cases, 58.6%), minimally invasive adenocarcinoma 
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Figure 2 RS8 anatomical segmentectomy was planned. (A) 
Preoperative right-lung three-dimensional reconstruction. Black 
solid lines represent the virtual intersegmental plane; (B) after the 
arterial-ligation-alone method, the expansion-collapse boundary 
between the excluded segment (pink) and the remaining lung 
(dark red) was shown. The solid blue line represents the first real 
intersegmental plan; (C) after the ligation of the targeted bronchi 
and veins, the expansion-collapse boundary was visible again. The 
solid yellow line represents the second real intersegmental plane. 
The solid black line represents the margin with the most obvious 
difference between the 2 intersegmental planes. *, star segment. D, 
distance; RS, right segment. 

Figure 3 After  the RS8 anatomic segmentectomy,  the 
intersegmental vein remained intact. The solid green line 
represents the intersegmental vein. RS, right segment.
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(20 cases, 20.2%), and invasive adenocarcinoma (14 cases, 
14.1%). None of the lymph nodes were metastatic, and 
the results of postoperative and intraoperative pathological 
diagnoses were completely consistent. The thoracoscopic 
lobectomy was performed on the 5 patients in whom the 
intersegmental planes were not obtained. In total 85 (81.7%) 
patients underwent thoracoscopic anatomic segmentectomy, 
19 (18.3%) patients underwent thoracoscopic lobectomy 
finally.

In  th i s  s tudy,  99  ( 95 .2%)  pa t i en t s  had  c l e a r 
intersegmental planes clearly, and the consistency between 
2 intersegmental planes are described in Table 2. We found 
that the maximum difference between the 2 intersegmental 
planes was no more than 0.5 cm, with most not being 
more than 0.3 cm, so we believe that the intersegmental 
plane obtained by the arterial-ligation-alone method was 
accurate. For the time spent waiting for the intersegmental 
plane to appear, the mean T1 was 13.6±2.7 minutes (range,  

8–25 minutes), while the mean T2 was 13.0±2.6 minutes 
(range, 8–23 minutes) (P=0.100).

Table 3 shows the related postoperative factors in all 
patients. In the 85 patients who underwent thoracoscopic 
anatomic segmentectomy, the mean margin width 
was  2 .84±0.51 cm;  mean operat ive  durat ion was  
165.6±18.3 minutes, the mean operative hemorrhage was 
52.1±20.2 mL, and the mean duration of chest tube drainage 
was 3.9±1.3 days. Postoperative complications related to 
operative procedures occurred in 2 cases.

Discussion

In 1995, the results of the Lung Cancer Study Group’s 
randomized trial comparing lobectomy with limited 
resection (including wedge resection and segmentectomy) 
suggested that limited resection was associated with 
higher death rate and locoregional recurrence rate (13). 

Table 1 Characteristics and differences of the patients

Characteristics Arterial-ligation-alone (n=99) No arterial-ligation-alone (n=5) P value

Age (years) 56.5±9.82 60.4±4.77 0.385

Female 56 (56.6) 4 (80.0) 0.246

Smoking history (yes) 39 (39.4) 1 (20.0) 0.394

FEV1, (%) 102.7±16.37 83.7±23.80 0.015*

Nodule diameter (cm) 1.1±0.34 1.2±0.26 0.731

Thoracoscopic lobectomy 14 (14.1) 5 (100.0) –

Lesion location

RUL 23 (23.2) 1 (20.0) –

RLL 24 (24.2) 1 (20.0) –

LUL 38 (38.4) 2 (40.0) –

LLL 14 (14.1) 1 (20.0) –

Pathological diagnose

Benign 3 (3.0) 0 (0.0) –

AAH 4 (4.0) 1 (20.0) –

AIS 58 (58.6) 2 (40.0) –

MIA 20 (20.2) 1 (20.0) –

IAC 14 (14.1) 1 (20.0) –

Mortality 0 (0.0) 0 (0.0) –

Data are presented as mean ± standard deviation, number (percentage). *, P<0.05. FEV1, forced expiratory volume in 1 second; RUL, right 
upper lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma 
in situ; MIA, minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma.
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Lobectomy has since been considered the preferred 
procedure and standard of surgical treatment for patients 
with peripheral T1N0 NSCLC. With the popularization 
of health examination with LDCT, more and more 
lung nodules and GGNs are being detected. Thus, 
more rigorously designed clinical trials and studies 
comparing the short-term outcomes and long-term 
outcomes are being reported. Compared with wedge 
resection, segmentectomy is preferred because of its 
sufficient surgical margin, its evaluation of lymph nodes, 
and its superiority oncological outcomes (14,15). As a 
lung-sparing procedure, segmentectomy was shown to 
achieve equal short-term surgical results and long-term 
oncological outcomes compared with lobectomy (16,17). 
However, most of these studies were retrospective, and 
some results are contradictory (18) There are 2 on-going 
prospective randomized controlled clinical trials regarding 
segmentectomy, whose long-term outcome data are not 
yet available (19,20). The short-term outcomes, however, 
have confirmed the noninferiority of segmentectomy to 
lobectomy in terms of intraoperative and postoperative 
complications, with the exception that more air leakage was 
observed in the segmentectomy. Thoracoscopic anatomic 
segmentectomy will be a standard treatment in physically 
and functionally fit patients with clinical T1aN0 NSCLC if 
the superiority in postoperative pulmonary function and the 
non-inferiority in overall survival are confirmed. 

For patients with surgical indications of thoracoscopic 

anatomic segmentectomy, preoperative planning to 
obtain sufficient resection margins is the most important 
step before surgery. Segmentectomy should achieve 
parenchymal resection margins ≥2 cm or ≥ the size of the 
nodule (12). Only sufficient resection margins can ensure 
the non-inferiority of segmentectomy to lobectomy in 
long-term prognosis. In all patients in our study who 
underwent thoracoscopic anatomic segmentectomy by 
the arterial-ligation-alone method, the resection margins 
were greater than 2 cm. Furthermore, the identification 
of the intersegmental plane is the key intraoperative 
procedure during segmentectomy. The intersegmental 
plane is directly related to sufficient resection margins and 
fewer postoperative complications, especially air leakage. 
Failure to accurately identify the intersegmental plane 
during segmentectomy may result in insufficient resection 
margins, the residue of the targeted segment or nodule, 
excessive resection of the parenchyma, iatrogenic injury of 
the intersegmental vein, and postoperative complications 
such as air leakage, atelectasis, hemoptysis, postoperative 
re-insertion of chest tube, etc. (19). In our study, the 
thoracoscopic lobectomy was performed on the 5 patients 
in whom the intersegmental planes were not obtained. Two 
patients had the intersegmental planes covered by serious 
anthracosis, unfortunately, the lesions in these 2 patients 
were too close to the intersegmental planes, and non-
anatomic segmentectomy was likely to result in insufficient 
or positive surgical margins. Three patients because the 

Table 2 The consistency between two intersegmental planes

Levels Plane 1 vs. Plane 2 (n=99)

Completely consistent (D ≤0.3 cm) 94 (94.9)

Basically consistent (0.3< D ≤0.5 cm) 5 (5.1)

Discrepant (D >0.5 cm) 0 (0)

Data are presented as number (percentage). Plane 1, the first intersegmental plane. Plane 2, the second intersegmental plane. D, distance, 
represent the margin with the most obvious difference between the two intersegmental planes. 

Table 3 Postoperative related factors in all patients

Factors Segmentectomy (n=85) Lobectomy (n=19) P value

Mean margin width (cm) 2.84±0.51 3.32±0.92 <0.01

Mean operative duration (minutes) 165.6±18.3 152.1±13.6 <0.01

Mean operative hemorrhage (mL) 52.1±20.2 81.1±27.7 <0.01

Mean duration of chest tube drainage (days) 3.9±1.3 4.5±2.2 0.114

Postoperative complications 1 1 –

l 
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targeted pulmonary lobes were still inflating when T1  
>30 minutes, the ICG method could not be performed 
and other traditional bronchial methods we had tried were 
useless, meanwhile, patients’ families also tend to perform 
lobectomy, so thoracoscopic lobectomy was performed with 
the consent of the patient’s family. We guess that there are 
several possible cause of pulmonary lobe inflating, such as 
the contralateral-ventilation was incomplete, and the diffuse 
function of the affect lung was seriously impaired. 

There are many methods available for the identification 
of the intersegmental plane. The intersegmental veins 
and natural intersegmental fissure can also be directly 
recognized as anatomical landmarks, and all methods 
are based on the precise dissection of the targeted artery, 
bronchus, and vein. Mistaken dissection of the segmental 
artery, bronchus, or vein will lead to a false intersegmental 
plane. Fortunately, 3D reconstruction aids significantly in 
the preoperative simulation and intraoperative navigation 
of thoracoscopic anatomic segmentectomy. Besides the 
anatomic variation and localization of pulmonary nodules, 
3D reconstruction can simulate the intersegmental plane 
(21-23). After a comprehensive review of the relevant 
literature, we believe that the methods for identification 
of the intersegmental plane can currently be divided into 
two categories: the bronchial methods and the vascular 
methods. The bronchial methods include the preserved 
segment inflation method after targeted segmental 
bronchus is severed, the resected segment method using 
a butterfly needle (24) or via bronchofiberoptic jet (25), 
bronchial ligation with the slip-knot method (26,27), and 
transbronchial injection of dye (28). The vascular methods 
can also be called perfusion-based methods, meaning that 
the blood perfusion of the targeted segment should be 
severed beforehand, and includes the arterial-ligation-
alone method or the intravenous injection of ICG (29). 
Each method has its own advantages and disadvantages. As 
we have mentioned, the bronchial method is technically 
easier and faster, but the intersegmental planes of this 
method are inaccurate, because of the presence of Kohn 
pores, Lambert canals, and direct airway anastomosis. The 
intravenous injection of ICG is time-saving, and only a few 
seconds elapse before the appearance of the intersegmental 
plane under near-infrared real-time fluorescence-merged 
imaging. Although the staining time may be prolonged by 
nearly 5 minutes through the temporary clamping of the 
pulmonary vein of the entire lobe at the risk of possible clot 
formation (30,31), this still is not practicable for image-
guided parenchymal dissection, and involves expensive 

devices that are financially burdensome to patients. In 
contrast to the above-mentioned ICG method, the long 
duration of the expansion-collapse boundary via the 
arterial-ligation-alone method allows for image-guided 
dissection along the intersegmental plane not only on the 
visceral pleura but also within parenchyma. The main 
limitation of the arterial-ligation-alone method is the long 
time spent waiting for the appearance of the intersegmental 
plane. In the operative procedure of the traditional modified 
inflation-deflation methods, the targeted segmental arteries, 
bronchi, and intersegmental veins need to be cut before 
the administration of pure oxygen. In clinical practice, the 
dissection of targeted segmental arteries is much easier and 
safer than that of the bronchi and veins in most segments. 

Based on an abundance of clinical data, we proved 
that the intersegmental plane via arterial-ligation-alone 
method is comparable to the traditional modified inflation-
deflation method which is the globally accepted method 
for identifying the intersegmental plane, in other words, 
the arterial-ligation-alone method for identifying the 
intersegmental plane during thoracoscopic anatomic 
segmentectomy is feasible and effective. Although there 
was a statistically significant difference in the waiting time 
needed to visualize the intersegmental plane between 
the arterial-ligation-alone method and the traditional 
modified inflation-deflation method, it was negligible in 
practice. Above all, compared with the traditional modified 
inflation-deflation method, the arterial-ligation-alone 
method is helpful for avoiding the mistaken dissection 
of preserved bronchus and intersegmental veins in the 
subsequent procedures. Identifying the targeted bronchus 
and intersegmental veins can be done more easily and 
confidently when the correct intersegmental plane is 
dissected along with the expansion-collapse boundary. This 
is the most significant advantage of the arterial-ligation-
alone method for thoracoscopic anatomical segmentectomy 
that we have developed. 

As mentioned above, the main limitation of the 
traditional modified inflation-deflation method and our 
arterial-ligation-alone method is the extensive time spent 
waiting for the appearance of the intersegmental plane. 
In order to shorten the waiting time and to explore the 
possibility of a time-saving procedure, we conducted a 
univariate and multivariate analysis related to the waiting 
time. We think that the waiting time is related to the 
diffusion rate through the blood-air barrier of gas within 
the preserved segments, and some other gases with a faster 
diffusion rate than pure oxygen, such as nitrous oxide 
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and carbon dioxide. However, the current study did not 
investigate this matter in depth.

There are several limitations to our method that should 
be addressed. First, temporary bilateral ventilation with 
pure oxygen is required to ensure the complete expansion 
of the affected lobe, followed by contralateral one-lung 
ventilation. The method requires cooperation with an 
anesthesiologist, which is not under the control of the 
surgeon. Second, in patients with severe chronic obstructive 
pulmonary disease and carbon deposition, the expansion-
collapse boundary may not be clear. Third, this is a single-
center, retrospective study with small sample size, and thus 
the results may be limited in their application to more 
complicated perioperative conditions. 

Conclusions

Compared with the traditional modified inflation-
deflation method, the arterial-ligation-alone method can 
also accurately identify the intersegmental plane during 
thoracoscopic anatomical segmentectomy precisely. Our 
method may simplify not only the operative procedures but 
also facilitate the identification of the targeted bronchus and 
intersegmental veins with dissection along the intersegmental 
plane, which can reduce unnecessary damage to the trachea 
and veins. In addition, whether the target bronchus is ligated 
has no effect on the intersegmental plane.
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