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Introduction

Pulmonary sequestration is a nonfunctioning lung mass 
with an abnormal connection to tracheobronchial trees 
and an anomalous systemic artery supply. It accounts for 

a small portion of pulmonary malformations (1,2). There 

are two subtypes of pulmonary sequestration, namely 

intralobar sequestration (ILS) and extralobar sequestration 

(ELS). ILS shares the visceral pleura with the lobe in 
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which it lies whereas ELS develops its own visceral pleurae. 
Pulmonary sequestration could be silent with patients and 
diagnosed as adults (3). Adult patients usually manifest 
upper airway syndrome, hemoptysis, or repeated lung 
infections. Diagnosis is usually confirmed by imaging 
results based on the above symptoms. Surgical resection of 
the diseased lung, either lobar or sublobar resection, has 
been established as the definitive treatment for eliminating 
active symptoms and preventing the progression of airway 
complications; it can be carried out safely using video-
assisted thoracic surgery (VATS) (4-6). Uniportal VATS is 
challenging for surgeons. The literature on uniportal VATS 
anatomical resection for treating pulmonary sequestration 
is limited. Herein, we evaluate the perioperative results 
and potential advantages of uniportal VATS anatomical 
resection for managing pulmonary sequestration and 
compare the perioperative outcomes to those obtained with 
the multiportal VATS approach.

Methods

We reviewed our surgery database and found 19 patients who 
had undergone VATS resection for pulmonary sequestration 
in the period July, 2007, to September, 2017. We categorized 
the patients into uniportal VATS and multiportal VATS 
groups. Demographics (age and gender), pulmonary lung 
function, characteristics of pulmonary sequestration (location, 
subtype, origin of systemic artery), and perioperative data 
(operation time, blood loss, complications, duration of 
pleural drainage, and duration of postoperative hospital stay) 
were recorded for all patients. A comparison of baseline data 
and perioperative outcomes was made between the uniportal 
and multiportal VATS groups and between patients with 
different extent of resections. This study was approved by 
the Institutional Review Board of the National Cheng Kung 
University Hospital (B-ER-105-390). 

Surgical technique 

All patients were operated on under general anesthesia 
with selective one-lung ventilation using a double-lumen 
endotracheal tube or single-lumen endotracheal tube with 
an endobronchial blocker. The patients were positioned in 
the full lateral decubitus position and the surgeon always 
stood at the ventral site of the patient. 

In the uniportal approach, a 3- to 5-cm utility port 
was created in the 4th or 5th intercostal space (ICS) at the 
anterior axillary line. In the multiportal approach, two 

additional 1.5-cm ports were created for the thoracoscope 
(6th or 7th ICS, mid-axillary line) and assistance (5th or 6th 
ICS, posterior axillary line). An XS-sized Alexis wound 
protector (Applied Medical, Rancho Santa Margarita, 
CA, USA) was applied at the utility port. A 30˚ 10-mm 
thoracoscope was used for vision. 

The systemic feeding artery was the first structure 
dissected out. It was divided using Endo-GIA (Covidien, 
Mansfield, MA, USA) or Endo-cutter (Ethicon Endo-
Surgery, Guaynabo, Puerto Rico, USA) at the beginning 
of the operation. Although the exact location of the 
systemic feeding artery was determined based on 
preoperative computed tomography (CT) or magnetic 
resonance imaging, mostly it could be identified around 
the pulmonary ligament and embedded in adhesive 
tissue.

The extent of parenchymal resection depended on how 
extensive the pulmonary sequestration was. The most 
common resection was standard lobectomy; wedge resection 
and segmentectomy were reserved for small and localized 
disease. Stapling method (Endo-GIA or Endo-cutter for 
parenchyma, bronchus and vessels) was used to carry out 
segmentectomy and fissure fusion to minimize air leakage 
from lung parenchyma. 

Each specimen was placed in a self-sterilized plastic zipper 
storage bag and pulled out. One chest tube in uniportal 
VATS and two chest tubes in multiportal VATS were placed 
for pleural drainage. The chest tube was removed based on 
the drainage amount and status of air leakage of the lung. 

Statistical analysis

For the clinical data, the continuous variables are presented 
as means ± standard deviations and the categorical variables 
are presented as frequencies (%). Differences between 
uniportal VATS and multiportal VATS groups were 
determined using the Mann-Whitney U test for continuous 
variables and the Chi-square test and Fisher’s exact test 
for categorical variables. A P value of less than 0.05 was 
considered to indicate a significant difference. IBM SPSS 
Statistics for Windows, version 19.0 (IBM Corp., Armonk, 
NY, USA), was used for analysis.

Results

A total of 19 cases (8 males and 11 females; 17 ILS and  
2 ELS) were analyzed. The mean age was 38.8 years (range, 
17–62 years). There were 17 ILS and 2 ELS. All ILS were 
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located at lower lobes, 13 on the left side and 4 on the right 
side. The two ELS were between the lower lobe and the 
diaphragm. Because of the sharing of a common pulmonary 
artery and a pulmonary vein, the two ELS were resected along 
with the adjacent lower lobe (one left lower lobe and one right 
lower lobe) after the aberrant systemic artery was divided. No 
patient presented an obstructive pattern in the lung function 
test before surgery. Seven patients underwent uniportal 
VATS resection and 12 patients underwent multiportal VATS 
resection. The mean age and gender distributions were not 
significantly different between groups. No intraoperative 
conversion, surgical mortality or major complications were 
identified among the patients. Postoperative complications 
included one prolonged air leakage and one chylothorax, 
which led to longer pleural drainage and postoperative 
hospital stay. Systemic artery identification and ligation were 
completed in all cases except for that without a systemic artery. 
In some patients that had certain respiratory symptoms, such 
as hemoptysis and repeated pneumonia, they were all free from 
symptoms after surgery. 

A comparison of uniportal and multiportal VATS groups is given 
in Table 1. We only conducted anatomical resection for pulmonary 
sequestration after 2016, and there was no wedge resection in the 
uniportal VATS group. Therefore, the type of surgical resection 
reached statistically significant difference between the two 
groups (P=0.033). The mean surgery time and blood loss were 
152 min and 64 mL in the uniportal VATS group, respectively; 
these values were not significantly different from those in the 
multiportal VATS group (174 min, P=0.526; 88 mL, P=0.652). 
The pleural drainage duration and postoperative hospital stay 
were also similar between the two groups (3.0 vs. 4.0 d, P=0.171;  
4.7 vs. 5.8 d, P=0.514, respectively). 

S ix  segmentectomies  were  performed:  5  basa l 
segmentectomy (S7+8+9+10) (3 in uniportal VATS and 2 in 
multiportal VATS) and 1 left S6+9+10 segmentectomy (uniportal 
VATS) (Figure 1). The operation time and blood loss 
amount in wedge resection, segmentectomy, and lobectomy 
were not significantly different (Table 2). The duration of 
pleural drainage and post-operative hospital stay were not 
significantly different between the three types of resection.

There was one left-lower-lobe primary lung cancer, 
lymphoepithelioma-like carcinoma, coexisting with a left 
extralobar pulmonary sequestration; both were resected in 
uniportal VATS.

Discussion

Pulmonary sequestration is an uncommon congenital 

anomaly with a reported incidence rate of 0.15–1.8% 
(1,2). Asymptomatic sequestration would be neglected in 
the patient’s growth. In adults, pulmonary sequestration 
is diagnosed after a patient’s complain of symptoms or 
when having a health check. In this study, we excluded 
children and infants, for whom surgical intervention was 
usually conducted using open thoracotomy. For the studied 
patients, all lesions were confined in the lower lung (ILS) or 
between the lower lung and the diaphragm (ELS), which is 
consistent with the most common distribution of pulmonary 
sequestration (1). 

Surgical resection of the diseased lung is recommended 
for symptomatic patients and should also be performed for 
some asymptomatic patients to control and prevent recurrent 
pulmonary infection by stopping the inflammatory process 
and to lower the incidence of airway complications (2,3).

The feasibility and safety of VATS lobectomy for 
pulmonary sequestration have been investigated (5,6,8). A 
comparison between VATS and open surgery for managing 
this congenital anomaly showed that VATS was not inferior 
to open surgery and that it might have some advantage, such as 
less blood loss and shorter postoperative hospital stay (9-11).  
The reported conversion rates of VATS lobectomy ranged 
from 0% to 18.8% (6,10,11). The most common cause of 
conversion was intraoperative injury to the aberrant systemic 
artery, followed by post-infectious adhesion (5,9-11).  
Identification and control of the systemic artery were 
regarded as the most crucial steps in the operation of 
pulmonary sequestration. Failure to control the systemic 
artery, especially when it derives from the abdominal aorta, 
may lead to disastrous results (12). The aberrant systemic 
artery was usually located within the pulmonary ligament 
and embedded in thickened adhesive tissue after repeated 
pulmonary infection. A careful dissection of the pulmonary 
ligament, a bit at a time and as close to the descending 
aorta as possible, was done to avoid injury to the aberrant 
systemic artery, and sometimes, its branches. In our series, 
all aberrant systemic arteries were identified and controlled 
without any major bleeding. Branches of the aberrant 
systemic artery identified in the operation which were 
different from preoperative prediction did not influence the 
surgical methods.

For minimally invasive surgery, some surgeon attempt to 
reduce the number of access ports for managing pulmonary 
sequestration. Gonzalez-Rivas reported successful 
management of two cases of ILS using double-port VATS 
lobectomy (13). Uniportal VATS lobectomy has been 
applied to both ELS (14,15) and ILS (16-18). Recently,  
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Table 1 Comparison of baseline and perioperative characteristics between uniportal and multiportal VATS groups

Variables Uniportal (N=7) Multiportal (N=12) P value

Age (year) 37.4±16.6 39.6±13.3 0.642

Female, n (%) 5 (71.4) 6 (50.0) 0.633

ILS, n (%) 6 (85.7) 11 (91.7) 0.683

Location of ILS, n (%) >0.999

LLL 5/6 (83.3) 8/11 (72.7)

RLL 1/6 (16.7) 3/11 (27.3)

Origin of systemic artery, n (%) 0.314

Thoracic aorta 6 (85.7) 11 (91.7)

Abdominal aorta 0 1 (8.3)

FEV1 (%) 90.0±15.4 99.7±16.7 0.384

FEV1/FVC 79.8±5.0 81.7±5.6 0.446

Resection, n (%) 0.033*

Wedge 0 7 (58.3)

Segmentectomy 4 (57.1) 2 (16.7)

Lobectomy 3 (42.9) 3 (25.0)

Operation time (min) 151.6±43.9 173.5±63.1 0.526

Blood loss (mL) 64.3±62.7 87.5±102.5 0.652

Pleural drainage (day) 3.0±1.9 4.0±2.7 0.171

Postoperative LOS (day) 4.7±1.6 5.8±2.9 0.514

Intraoperative complication 0 0 –

Conversion 0 0 –

Postoperative complication, n (%) 1 (14.3) 1 (8.3) 0.683

Prolonged air leakage 0 1

Chylothorax 1 0

30-day mortality 0 0 –

*, P value <0.05. VATS, video-assisted thoracoscopic surgery; ILS, intralobar sequestration; RLL, right lower lobe; LLL, left lower lobe; 
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; LOS, length of hospital stay. 

Li et al. published a series of 110 adult cases with pulmonary 
sequestration managing thoracoscopically and there were  
8 uniportal VATS lobectomy reported (11). Although 
they did not describe the subgroups of uniportal VATS 
separately, no significant difference in perioperative 
outcomes was identified between the 1–2 ports and  
3–4 ports subgroups. In this study, we compared uniportal 
VATS with multiportal VATS directly. Our data show that 
uniportal VATS is comparable to multiportal VATS in terms 
of blood loss, surgical time and postoperative outcomes. 

The relief of postoperative symptoms and recovery for the 
uniportal group are encouraging.

For  the  most  common locat ion  of  pulmonary 
sequestration, we recommend the 5th intercostal utility 
incision in uniportal approach for direct line of sight and 
to facilitate lower lung dissection. As illustrated in Figure 2,  
the pulmonary ligament and the aberrant systemic artery 
from the descending aorta can be approached easily, and the 
stapler can be applied without difficulty. Pleural adhesion is a 
great concern in VATS for pulmonary sequestration. We have 
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treated infectious pulmonary disease with VATS anatomical 
resection for a decade and have published a couple of studies 
on VATS for pulmonary tuberculosis (19,20). In comparison 
to the extensive and tenacious adhesion at the upper pleural 
space in pulmonary tuberculosis, it is much easier to approach 
and dissect the relatively benign adhesion in pulmonary 

sequestration from the suggested utility port. 
Wedge resection is an alternative modality for small and 

peripheral ILS (21,22). A series reported by Lin et al. showed 
that VATS wedge resection had a shorter operation time and 
less blood loss compared to those for lobectomy (22). However, 
there is doubt whether the preserved parenchyma contains 
the diseased part after wedge resection (23). We performed 
7 VATS wedge resections in the multiportal group before 
2016. The surgery time and blood loss of wedge resection 
were not significantly better than those for segmentectomy 
or lobectomy since there was no difference in perioperative 
variables. Atypical segmentectomy, such as left S6+9+10 
segmentectomy was conducted using uniportal VATS in our 
series. We still have to find and control the aberrant systemic 
artery and the drainage vein of the diseased lung in wedge 
resection for ILS. In addition, defining the affected territory 
of ILS and performing an adequate wedge resection without 
compromising normal pulmonary vessels are usually time-
consuming. We can decide which segment is totally unaffected 
from CT images. We go directly for segmentectomy, either 
conventional or atypical, in order to preserve the healthy 
portion of the lung. Since we had completed more than 500 
VATS segmentectomies, including 250 uniportal surgeries, in 

Figure 1 Uniportal VATS left S6+9+10 segmentectomy for ILS at 
left superior segment (S6) (7). VATS, video-assisted thoracoscopic 
surgery; ILS, intralobar pulmonary sequestration. 
Available online: http://www.asvide.com/article/view/25549

Table 2 Comparison of baseline and perioperative characteristics between different types of resection

Variables Wedge resection (N=7) Segmentectomy (N=6) Lobectomy (N=6) P value

Age (year) 38.6±9.1 45.0±17.7 32.8±14.9 0.387

Female, n (%) 3 (42.9) 4 (66.7) 4 (66.7) 0.598

ILS, n (%) 7 (100.0) 6 (100.0) 4 (66.7) 0.089

Origin of systemic artery, n (%) 0.346

Thoracic aorta 7 (100.0) 5 (83.3) 5 (83.3)

Abdominal aorta 0 0 1 (16.7)

FEV1 (%) 106±20.4 99.2±5.8 85.3±14.4 0.139

Uniportal VATS, n (%) 0 4 (66.7) 3 (50.0) 0.033*

Operation time (min) 165.9±78.4 150.2±38.8 180.2±45.4 0.574

Blood loss (mL) 64.3±118 91.7±73.6 83.3±75.3 0.610

Pleural drainage (days) 3.4±1.0 3.0±2.1 4.5±3.7 0.386

Postoperative LOS (days) 5.3±1.7 5.5±2.5 5.5±3.7 0.856

Postoperative complication 0 1 (16.7) 1 (16.7) 0.683

Prolonged air leakage 0 0 1

Chylothorax 0 1 0

*, P value <0.05. ILS, intralobar sequestration; FEV1, forced expiratory volume in 1 second; LOS, length of hospital stay; VATS, video-
assisted thoracoscopic surgery.

Video 1. Uniportal VATS left S6+9+10 

segmentectomy for ILS at left superior 

segment (S6)
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our institute (unpublished data), anatomical segmentectomy 
may be an easy and suitable procedure for removing a localized 
ILS and preserving more healthy lung parenchyma. We do 
not routinely have patients undergoing pulmonary function 
test after operation; actual difference in recovery of pulmonary 
function between different extents of pulmonary resections 
was unknown in our series. It is believed that segmentectomy 
provided mild postoperative and small long-term benefits over 
lobectomy in pulmonary function (24).

Although we demonstrated that uniportal surgical lung 
resection is a feasible method for the treatment of lung 
sequestration, we considered a relatively small number of cases. 
Moreover, this was a retrospective single-institution study. 
This is an uncommon disease and patients may not receive 
treatment if they present no symptoms. More surgeries and 
perioperative results are required to confirm our analysis.

In conclusion, although uniportal VATS pulmonary 
sequestration resection is challenging, this surgical approach 
is safe and feasible. We presented a series of uniportal VATS 

anatomical resections for pulmonary sequestration with 
satisfactory perioperative results.
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