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Introduction

Lung cancer is one of the most common causes of cancer-
related death worldwide (1). Lobectomy with systemic lymph 
node dissection has been considered as a standard surgical 
treatment for lung cancer (2). In recent years, patients 
having small peripheral lung nodules or non-small cell lung 
cancers have been more frequently detected at an early 
stage. Anatomic pulmonary segmentectomy has been prove 

as a feasible operative procedure to treat small lung disease 
with less resection and more lung function sparing (3,4). 
Furthermore, patients with compromised cardiopulmonary 
reserve will benefit from this method of approach.

In clinical practice, various methods have been invented 
to identify the intersegmental plane during pulmonary 
segmentectomy, but none have been sufficient. The air 
inflation-deflation technique has been widely used. The 
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Methods: From June 2018 to September 2018, 24 patients with small primary lung cancers underwent 
segmentectomy at The Affiliated Hospital of Qingdao University. All the patients received minimally 
invasive procedures and standard anatomical segmentectomy. Ligation of the target segment artery followed 
by observation and the arterial-navigation line gradually appeared by color discrepancy in the visceral pleural 
surface. The plane was then testified by inflation-deflation method.
Results: The mean identification time of the intersegments plane was 8 minutes. The residual segments 
collapsed and stayed pink, meanwhile the target parts remained inflated and turned dark. It allowed a clear 
identification of the intersegments plane on the surface. All operations were successfully completed. There 
were no perioperative deaths or major complications. The coincidence rate of arterial-navigation and 
inflation-deflation technique was 22/24. 
Conclusions: The arterial-navigation method is safe and feasible to identify the intersegmental plane in 
small lung tumor resection.
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method was based on the ventilation deference between the 
target and reserved segments. The obvious disadvantage 
of this technique is that the expansion of the lung will 
limit the thoracic cavity and the deflation may be time-
consuming during video-assisted surgery. We have developed 
a novel arterial-navigation method for intersegmental plane 
identification. From our previous experience during the 
segmentectomy procedure, we noticed that the ligation of the 
target segment artery may cause the imbalance of blood flow 
in the target and reserved segments. The oxygen diffusion is 
blocked in the target segment resulting in a semi-complete 
deflation and ischemia which can be visually identified by a 
light pink coloring of the parenchyma, while the reserved 
segments completely collapse and turn dark. The following 
is a detailed description of our method utilizing the 
characteristic of arterial-navigated oxygen diffusion. 

Methods

The patients received segmentectomy based on the 
preoperative clinical findings. No evidence of metastatic 
disease of the brain, bone, or abdominal organs was 
discovered. Tumors located in the peripheral lung field with 
clinical stage I and size <2 cm were identified by computed 
tomography (CT) scan. Informed consent was obtained, and 

the final decision on resection type would be made during 
the procedure.

A single-institution, non-randomized study was 
conducted in 24 consecutive cases of planned anatomical 
segmentectomy from June 2018 to September 2018. 
Twenty-four patients underwent anatomical segmentectomy 
at The Affiliated Hospital of Qingdao University for small 
primary lung cancer. All the patients underwent minimally 
invasive surgery (20 video-assisted surgeries and 4 robot-
assisted surgeries). This study was about the reorganization 
of mature technologies with no adverse impact on patients. 
The approval by an ethic committee was not required.

All the patients received a surgical simulation based on 
preoperative 3D CT work-up (Figure 1). CT images were 
reconstructed by a team member to obtain the detailed 
anatomy of the pulmonary vessels to be manipulated during 
surgery. The target segment artery was defined as the 
dominant branches accompanying the segment bronchus.

We applied video-assisted or robot-assisted surgical 
approaches with a minimally invasive method. The surgeon 
used a mainly video-assisted approach to define the segment 
boundary and resection of lung parenchyma. 

Firstly, the patient was placed in the decubitus position 
under double-lumen intubation. With the coordination of 
anesthetist, the lungs were bilaterally ventilated with pure 

Figure 1 Preoperative 3D computed tomography (CT) and reconstruction.
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oxygen after intubation. Low tide ventilation (<6 mL/kg) 
was conducted immediately after making the first incision 
(camera port) into the thoracic cavity.

All the other ports were settled (1-2 in video-assisted 
surgery and 3 in robot-assisted surgery) following the 
camera port. The pulmonary artery for the target segment 
was then exposed and divided through a fissure or hilum as 
the major priority work before the lung totally collapsed 
(Figure 2). We operated with few parenchyma dissections or 
indirect palpations in the initial phase. The targeted artery 
was isolated and ligated with a stapler. Unilateral ventilation 
was then conducted. Transection of the dominant artery was 
followed by observation. In minutes, the arterial-navigation 
line gradually appeared discernible by color and expansion 
discrepancy, being dark in the reserved area and light in the 
target area. The inconsistency of collapsed and expanded 
pleura was also visible (Figure 3). The line on pleura was 

then marked by electrocautery with a discontinuous point. 
The target segment bronchus and vein were then 

managed in our routine procedure. An air inflation-deflation 
technique was utilized to verify the arterial-navigation line 
after the bronchus was cut off. If the two methods presented 
an identical plane, the resection of parenchyma along the 
intersegmental pulmonary vein and the marked line of the 
arterial-navigation plane was completed with staplers.

Results

Twenty-four patients (12 male and 12 female) with small 
lung disease underwent anatomic segmentectomy with 
minimal-invasive surgery at The Affiliated Hospital 
of Qingdao University without thoracotomy. Patient 
characteristics are listed in Table 1. All the patients had a 
diagnosis of malignancy. Anatomic segmentectomy was 

Figure 2 The pulmonary artery for the target segment was exposed and divided through fissure or hilum firstly.

Inflation with pure O2

Flow with O2

P-V

P-VP-ABronchus

Target segmentTarget segment

Figure 3 The mechanism of pleural inconsistency for residual and target segments respectively.
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performed on these patients, with 20 undergoing VATS and 
4 undergoing robot-assisted surgery. Among the 24 patients, 
different types of segmentectomies were included (16 right 
side and 8 left). There were four S2 and S6 segments and 
one S3, S8, and S2b+3a on the right side. Meanwhile, there 
were three S6, two S1+2+3 (inherent segments), and one left 
lingual and S8-10 segment on the left side (Table 2). Free 
surgical margins were pathologically proven, and systemic 
lymph node sampling was performed in all patients.  

The mean identification time of the plane was 8 minutes. 
The coincidence rate of artery-gas navigation and inflation-
deflation technique was 22/24. Segment plane identification 
in two cases was not very clear due to delayed ligation of the 
target artery and a total collapse of the lobe.

Discussion

The candidates for segmentectomy were considered as 
early stage lung cancer (5). Some retrospective studies 
have shown segmentectomy has a comparable short and 
long-term prognosis with lobectomy in selected patients 
while preserving more lung function (6-8). However, 
anatomical segmentectomy essentially involves the difficulty 
of identifying the intersegmental plane inside the lung 
parenchyma between the targeted and reserved segments and 
making a precise resection of the target. There is no obvious 
boundary between segments. The procedure demands that 
the surgeon have a thorough three-dimensional view of the 
pulmonary bronchovascular structures.

A number of methods have been reported for identifying 
the intersegmental plane (9-12). Bronchus navigation 
methods have been widely used. The deflation method 
involves clamping the bronchus of the reserved segment 
and creating a demarcation line with the target. The 
inflation-deflation involves inflating the whole lobe after 
clamping or ligating the target bronchus and then deflating 
the reserved segments. Okada (11) reported a method of 
selective targeting bronchus high-frequency ventilation 
under bronchoscope. Changing the ventilation strategy is 
the essence of the bronchoscopic-navigation method. The 
plane can be drawn on the pleural surface. However, the 
ventilation should be conducted by an anesthetist in close 
cooperation with the surgeon. The selective ventilation 
requires intraoperative bronchoscopy and adequate time 
to distinguish the boundary. The technique of using 

Table 2 Distribution of the 24 segments

Cases Number

Right (n=16)

S1 2

S2 4

S3 1

S1+2 1

S6 4

S8 1

S9+10 2

S2b+3a 1

Left (n=8)

S1+2 1

S6 3

S1+2+3 2

S4+5 1

S8+9+10 1

Table 1 Pre-operative characteristics

Variables n=24

Age (years) 64±13

Sex, n (%)

Male 12 [50]

Female 12 [50]

Size of tumor (mm)

Range 4–15

Mean 11±5

FDG-PET (SUV) 1.9±3.4

C/T ratio (%) 12±10

FEV1 (mL) 1,750±936

CEA (ng/mL) 2.8±1.4

Clinical stage, n (%)

IA 22 (91.67)

IB 2 (8.33)

C/T ratio, consolidation/tumor ratio; FDG-PET, 2-deoxy-2[18F] 
fluorodeoxyglucose positron emission tomography; SUV, 
standardized uptake value.
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Indocyanine green injection to the distal target bronchus is 
another bronchoscopic-navigation method (9). The target 
pulmonary segments are immediately stained green, and a 
clear boundary is visible after the injection. However, the 
complexity and open airway in the operating field restrict 
the adoption of this technique.

Vessel-navigated methods have also been tested. The 
photodynamic diagnosis (PDD) technique (13) uses the key 
instruments of the D-Light system, which is an excitation 
light source combined with a camera as the fluorescence 
sensing endoscope. In this method, the dominant pulmonary 
arteries are ligated. The patients have indocyanine green 
injected into a peripheral vein for observation of the lungs 
under infrared light. This technique can identify the 
intersegment plane without lung inflation; however, the 
indesirable use of injection and complexity will impede the 
application. 

The important feature of our method is that it is 
convenient to apply. There is no additional cost and little 
support required from other staff. Only the 3D CT image 
reconstruction and differentiation of the pulmonary artery 
are depended on during the procedure. It allows a clear 
identification of the plane owing to the oxygen diffusion 
rate in the adjacent segments. For a blood flow change, 
the oxygen exchange in reserved segments will cause 
lung deflation; meanwhile this process is interrupted in 
the target segments and lead to inflation. However, the 
method still has some disadvantages. The boundary can 
only be distinguished on the pleural surface instead of 
the parenchyma, and detection is available for a limited 
period. Furthermore, during VATS or other minimal 
invasive surgery, the oxygen diffusion discrepancy is not 
easily visualized in patients with impaired lung function or 
chronic bronchitis with a deposition of dust.

Conclusions

Our study suggests that the arterial-navigation method is 
a simple and easy way to identify the intersegmental plane. 
The use of this technique allows for the safe and feasible 
resection of small lung tumors.
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