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Background: Primary spontaneous pneumothorax (PSP) is a common disease in thoracic surgery, and a
prolonged postoperative air leakage is the most frequent and troublesome early complication after videoassisted thoracoscopic (VATS) bullectomy. This study aimed to explore the efficacy of polyglycolic acid (PGA)
sleeve in preventing postoperative air leakage after a VATS bullectomy for PSP.
Methods: This study was a prospectively randomised clinical study. The patients who underwent a VATS
bullectomy were continuously enrolled from January 2015 to June 2016 in the Beijing Chaoyang Hospital
and were randomly assigned to the experimental and control groups. The experimental group applied a PGA
sleeve combined with an automatic stapler in the bullectomy, while in the control group, the bullae were
resected using an automatic stapler alone during the operation. In addition, the staple lines in both groups
were covered with an absorbable polyglycolic acid sheet and both groups performed pleural abrasion after
the resection. Useful clinical data were recorded, including the number of cases there was no air leakage
immediately after the operation and air leakage lasted more than 3 days, the average postoperative air
leakage, the drainage tube removal time, the postoperative hospital stay, the postoperative complications, and
the postoperative recurrence.
Results: A total of 134 patients were enrolled in this study. The experimental group consisted of 60 subjects,
and there were 74 in the control group. No operative related mortality was observed in either group. In the
experimental group, 44 of the 60 patients did not have an air leakage immediately after the operation, which
was significantly higher than the control group (73.33% vs. 54.05%, P=0.031). Compared with the control
group, the average postoperative air leakage (0.57±1.11 days), the chest tube removal time (3.03±0.92 days), and
the postoperative hospital stay (3.98±0.92 days) were all significantly shorter in the experimental group (P=0.048,
P=0.012, and P=0.010, respectively). Moreover, the rate of postoperative complications in the experimental
group was lower than the control group (3.33% vs. 16.22%, P=0.021). No postoperative recurrence was
observed in either group during the follow-up period that ranged from 8 to 25 months.
Conclusions: The use of PGA sleeve during surgery for PSP might effectively prevent early postoperative
air leakage, as well as reduce the postoperative drainage tube removal time and the postoperative hospital
stay.
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Introduction
Primary spontaneous pneumothorax (PSP) is a common
disease in thoracic surgery (1). Currently, video-assisted
thoracoscopic (VATS) bullectomy, followed by pleurodesis,
is widely performed as the most common surgical treatment
for PSP (2,3). However, prolonged postoperative air leakage
is still the most frequent and troublesome early complication
after the bullectomy (4). A polyglycolic acid (PGA) sleeve,
which is a new absorbable reinforcement material, is
confirmed to preferably reduce postoperative air leakage
during lung volume reduction surgery (LVRS) (5). However,
to date, its efficacy in surgeries for PSP are not fully
understood. Here, we performed, to our knowledge, the first
prospective study of the efficacy of PGA sleeve in preventing
postoperative air leakage after VATS bullectomy for PSP.
Methods
Participants
The patients who underwent VATS bullectomy due
to PSP from January 2015 to June 2016 at the Beijing
Chaoyang Hospital were consecutively collected. The
inclusion criteria included ipsilateral or bilateral recurrent
spontaneous pneumothorax, a history of previous
contralateral pneumothorax, visible blebs on the initial plain
chest film or computed tomography, persistent air leakage
for at least 7 days after the closed thoracic drainage, and
those working in specific jobs, such as a pilot or diver. The
exclusion criteria were an underlying pulmonary disease,
such as chronic obstructive pulmonary disease (COPD)
and bronchial asthma, a previous ipsilateral thoracic
operation, pleural extensive adhesions, having a surgical
contraindication, and refusal to participate in the study. The
patients were randomly assigned to either the experimental
group or the control group by a computer. The institutional
research ethics committee of the Beijing Chaoyang Hospital
approved the study (ID: 2015-S-151), and all of the patients
signed the informed consent preoperatively.
Surgical approach (Figure 1)
All patients underwent a 2-port unilateral VATS bullectomy
under general anesthesia with a double-lumen endotracheal
tube and single lung ventilation during the operation. The
surgery was performed by board-certified thoracic surgeons.
A 1 cm port was placed in the 7th intercostal space at the
mid-axillary line for the thoracoscope, and if the patient had
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a closed thoracic drainage port preoperatively, then that hole
was used directly. Another 3 cm working port was placed
in the 4th intercostal space at the anterior axillary line.
After that, the entire visceral pleural surface was examined
carefully to find all of the bullae. In the experimental
group, the PGA sleeve (Gunze, Ayabe, Japan) was used in
combination with a 60-mm linear automatic stapler (Reach
Surgical, Inc., China) in the bullectomy, while in the control
group, the bullae were resected using the automatic stapler
alone. After all of the bullae were resected completely, we
performed a sealing test by submerging the staple lines in
water and inflating the lung under 20 cm of water pressure
to detect any persistent air leakage. Then, for both groups,
all of the staple lines were covered with an absorbable
polyglycolic acid sheet and pleural abrasion was performed.
A single chest tube was placed in the thorax postoperatively,
and all of the patients were reexamined with a plain chest
film at the first postoperative day routinely. The patients
were discharged the first day after removal of the chest
tube.
Tube removal standards
We determined that there was an air leakage if bubbles
continuously came out from the tube when the patient
coughed several times. If no bubbles came out from the
tube when the patient coughed consecutively or just a
small number of bubbles came out at the beginning, we
determined that there was no air leakage. On the condition
that, no air leakage was detected immediately after the
operation, we recorded this as air leakage day zero, and if
no air leakage was detected on the first postoperative day,
we recorded this as air leakage day one and so on. The chest
tube was removed if there was no air leakage, there was
good re-expansion of the lung as confirmed by a chest X-ray,
the drainage was less than 200 mL per day, and the colour
of the drainage was clear.
Follow-up
After the patients were discharged from the hospital, they
all received clinical follow-up for at least 6 months. The
follow-up was carried out by a clinical reexamination in our
outpatient facility or by telephone.
Data collection
The clinical data included the baseline characteristics of
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Figure 1 Surgical technique. (A) Combine the automatic stapler and the PGA sleeves; (B) resect the diseased lung tissue; (C) the PGA
sleeves were remained in the resection margins; (D) the second automatic stapler overlapped with the first one.

the patients, the operative time, the number of resection
margins, the number of no air leakage and air leakages
lasting for more than 3 days occurred, the average
postoperative air leakage, the drainage tube removal
time, the postoperative hospital stay, the postoperative
complications, the hospitalization expenses, and the
postoperative recurrence. The baseline characteristics
consisted of age, gender, body mass index (BMI), smoking
habits, and the side of the pneumothorax. These data were
all compared between the experimental and control groups.
Statistical analysis
The statistical analyses were conducted using IBM SPSS
Statistics version 20 (SPSS Inc., Chicago, IL, USA). The
continuous variables are presented as the mean ± standard
deviation and were analysed by an independent sample
t-test. The categorical variables are expressed as frequencies
(%) and were analysed by a χ2 test. The differences were
considered statistically significant when the P value was less
than 0.05.
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Results
A total of 137 patients, who met the inclusion criteria,
underwent VATS bullectomy from January 2015 to June
2016 at the Beijing Chaoyang Hospital. Among them,
three patients, two belonging to the experimental group
and one belonging to the control group, had a persistent
postoperative air leakage lasting more than 10 days,
therefore, these patients were removed from the study.
These leakages occurred because the bases of the bullae
found in these patients were wider, and thus, two or more
automatic staplers were used to resect them. The staples
did not overlap to achieve a seamless connection, resulting
in a resection margin with a persistent air leakage. These
three patients were administered an intrathoracic injection
of 50% glucose and received suction, and the air leakage
stopped on the 10th, 12th, and 12th postoperative day for
each of the patients. Finally, 134 patients were enrolled
in the study, and the experimental and the control groups
consisted of 60 and 74 cases, respectively. The baseline
characteristics of the patients are presented in Table 1. No
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statistically significant differences were observed between
the two groups in terms of age, gender, BMI, smoking
habits, and the side of the pneumothorax.
The procedures were successful for all patients with no
postoperative deaths, mechanical ventilation, or serious
complications. The operative data and postoperative
outcomes are demonstrated in Table 2. The differences
between intraoperative factors, such as the operative time
(60.92±22.99 vs. 64.19±24.73 mins, P=0.433) and the
number of resection margins (2.55±0.93 vs. 2.43±0.89,
P=0.458) did not reach statistical significance between the
two groups. We found that no air leakage was detected

immediately after the operation in 44 of the 60 patients
(73.33%) in the experimental group who received the
PGA sleeve, and this occurred more frequently than in the
control group (54.05%). While there was no significant
difference in the number of air leakages lasting more than
3 days between the two groups, the average postoperative
air leakage in the experimental group (0.57±1.11 days)
was significantly shorter compared to the controls who
did not receive the PGA sleeve (1.03±1.48 days). There
was a positive correlation between the postoperative air
leakage and the chest tube drainage removal time and the
postoperative hospital stay, and statistically significant
differences were observed for the chest tube drainage
removal time (3.03±0.92 vs. 3.51±1.25 days, P=0.012)
and the postoperative hospital stay (3.98±0.95 days vs.
4.47±1.22 days, P=0.010) between the two groups. While,
the hospitalization expenses were clearly higher using the
PGA sleeve (30,106.2±4,667.77 ¥ vs. 25,427.12±3,905.51 ¥,
P<0.001). In addition, the rate of postoperative complications
in the experimental group was 3.33%, and of which, one
patient had a pulmonary infection and the other had
postoperative atelectasis. In contrast, 12 patients (16.22%)
developed complications in the control group, and this rate
was significantly higher compared with the experimental
group. These complications included pulmonary infection
in six cases, postoperative atelectasis in three cases, and
pleural effusion in three cases. All of the complications were
relieved after conservative medical therapy, and none of the
patients required a re-operation. The median follow-up
was 16 months (range, 8 to 25 months). The mean duration
of the follow-up period was (15.60±5.10 months) in the
experimental group and (16.55±4.84 months) in the control

Table 1 Clinical characteristics
Variables

Experimental
group (n=60)

Control
group (n=74)

P value

26.77±8.60

25.77±10.07

0.544

Age (y)
Sex

0.557

Male

46 (76.67%)

53 (71.62%)

Female

14 (23.33%)

21 (28.38%)

Side

0.385

Left

32 (53.33%)

33 (44.60%)

Right

28 (46.67%)

41 (55.40%)

Smoking

0.678

Yes

12 (20.00%)

18 (24.32%)

No

48 (80.00%)

56 (75.68%)

20.41±2.51

19.85±2.34

Body mass index

0.180

Table 2 Operative data
Variables
Operative time (min)

Experimental group (n=60)

Control group (n=74)

P value

60.92±22.99

64.19±24.73

0.433

2.55±0.93

2.43±0.89

0.458

44 (73.33%)

40 (54.05%)

0.031

Air leakage lasting more than 3 days (n)

7 (11.67%)

15 (20.27%)

0.242

Average air leakage (d)

0.57±1.11

1.03±1.48

0.048

Drainage tube removal time (d)

3.03±0.92

3.51±1.25

0.012

Postoperative hospital stay (d)

3.98±0.95

4.47±1.22

0.010

Postoperative complications (n)

2 (3.33%)

12 (16.22%)

0.021

30,106.24±4,667.77

25,427.12±3,905.51

<0.001

Number of resection margins (n)
No air leakage immediately after operation (n)

Hospitalization expenses (¥)
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group. There was no postoperative recurrence in either of
the groups.
Discussion
Currently, although the spontaneous rupture of subpleural
bullae is thought to be the primary cause of PSP, the
reason of the formation and rupture of the bullae is not
completely understood (6,7). Surgical bullectomy is the
main treatment for PSP, and thus far, advances in minimally
invasive techniques and perioperative care have broadened
its indications. VATS bullectomy has become the standard
surgical procedure for PSP, and it boasts many advantages,
such as less trauma and postoperative pain, a shorter
operation time, less bleeding, reduced complication rates, a
shorter hospital stay, and a faster recovery (8-10).
The VATS bullectomy procedure for PSP is not
complicated. However, prolonged postoperative air
leakage is still the most common complication that
affects the early postoperative recovery, as it can lead to
pulmonary atelectasis, pleural effusion, pneumonia, or
other complications, which can consequently prolong the
postoperative recovery time. Moreover, keeping the thoracic
drainage tube prevents postoperative cough, an important
step in re-expanding the lung, which thereby increases
postoperative complications even further (4). The causes of
postoperative air leakage can be due to issues with the staple
line of the bullectomy, the eyes of the suture, and the holes
of the automatic stapler, an incomplete bullectomy, cutting
of the ligature during recruitment maneuvers and damage
to the lung tissue intraoperatively. Therefore, based on the
reasons discussed above, various surgical techniques and
additional procedures are performed to prevent air leakage,
including targeting the site of the bullectomy with fibrin glue
and reinforcement material. Procedures targeting the parietal
pleura include mechanical parietal pleural abrasion, chemical
pleural adhesions, and excision of the pleura corresponding
to the pulmonary apical portion. Fibrin glue is often used
in combination with covering materials, which works well
for intractable air leakages. However, due to the risk of the
transmission of infection pathogens, such as the human
immunodeficiency virus and human hepatitis virus, it is
recommended that fibrin glue be avoided (11,12). In the past
decades, pleurodesis provides an excellent effect in preventing
postoperative air leakage and recurrence (2,13), however, its
disadvantages in diminishing pulmonary function, developing
chronic chest pain and negatively affecting future thoracic
surgery have made it not a routine intraoperative procedure
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in some countries, especially for young adults with PSP (14).
A new bioabsorbable sleeve made of polyglycolic acid for
staple-line reinforcement during pulmonary surgery, such as
lung volume reduction surgery (LVRS), reduces postoperative
air leakage well (5). However, to date, its efficacy in surgeries
for PSP is unknown.
This study clearly demonstrated that using PGA sleeve in
VATS bullectomy for PSP effectively prevented postoperative
air leakage, especially for the early postoperative air leakage
after surgery, shortened the postoperative drainage tube
removal time, and reduced postoperative complications.
The new reinforcement sleeve is an absorbable biosynthetic
material made of PGA through a special process and
does not pose the risk of disease transmission. The
ductility, flexibility and histocompatibility properties of
the PGA sleeve are advantageous, and it fully fuses with
the surrounding tissue in the host after 3 months, causing
no relevant immunity and inflammatory responses (15).
Because of these excellent characteristics, the PGA sleeve,
combined with an automatic stapler during surgery, can
prevent air leakage. It fits closely together with the staple
line of the bullectomy, occluding the holes of the automatic
stapler, and reduces the risk of cutting the ligature during
recruitment maneuvers. In this study, a PGA sleeve, as a
reinforcement material, was combined with an automatic
stapler in the experimental group, and no air leakage was
detected immediately after the operation in 44 of the 60
patients (73.33%), and this was significantly higher than
the control group, which did not have the sleeve, indicating
that the PGA sleeve takes effect immediately after the
bullectomy. Although no significant difference was observed
in the number of air leakages lasting more than 3 days
between the two groups, the average postoperative air
leakage time in the experimental group was significantly
shorter compared with the controls, which did not have a
PGA sleeve (0.57±1.11 vs. 1.03±1.48 days, P=0.048). The
same trend was true for the chest tube removal time and
the postoperative hospital stay. A longer air leakage time
requires keeping the chest tube in for more time, which
could affect the postoperative cough and the residual lung
re-expansion, leading to more postoperative complications.
If fact, complications occurred in 12 (16.22%) of the
patients in the control group, and these included pulmonary
infection in six cases, postoperative atelectasis in three
cases, and pleural effusion three in cases. This occurrence
of complications was significantly higher than in the
experimental group, which was only 3.33%. Moreover, the
assembly of the PGA sleeve and the automatic stapler did
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not increase the operative time or the operation difficulty, as
the instrument nurses can carry out this step. In addition to
this, there were no sleeve-related complications associated
with the operation in the experimental group, and the
PGA sleeve is integrated into the host gradually. The only
disadvantage was that the average hospitalization expenses
correspondingly increased when the PGA sleeve was used.
Previous research shows that postoperative recurrence
results from the formation of new blebs near the staple line
(8,16). Therefore, coverage of the visceral pleura around
the staple line using an absorbable PGA sheet is useful for
preventing postoperative recurrence (17,18). In this study,
we covered the staple line using a PGA sheet in all patients,
and no postoperative recurrence was observed in either
groups during the follow-up period that ranged from 8 to
25 months. Moreover, we will perform further research
to evaluate the efficacy of the PGA sleeve in preventing
postoperative recurrence and the postoperative predictors
of recurrence after VATS bullectomy for PSP.
The limitations of this study included the fact that it
was carried out at a single institution, that a single surgeon
did not perform the all of the cases, and that the follow-up
period was not long enough to evaluate long-term
postoperative recurrence. Therefore, further multicenter,
large-scale, long-term follow-up trials are needed to compare
this technique with other additional procedures for preventing
prolonged postoperative air leakage and postoperative
recurrence. When applying a PGA sleeve during the surgery,
care should be taken to fit the sleeve together with the
automatic stapler in the correct way, and one should avoid
wrinkling or inverting the sleeve. In the event of that two
or more automatic staplers are used to resect the bullae, the
staplers must cross and overlap with each other in order to
achieve a seamless connection. Otherwise, serious persistent
air leakage may occur postoperatively.
This is the first prospective, randomised clinical trial
of surgical methods focused on determining whether
a new absorbable sleeve made of PGA can prevent
postoperative air leakage after VATS bullectomy for PSP.
In conclusion, using an absorbable PGA sleeve for staple
line reinforcement is a simple but effective method of
preventing postoperative air leakage, especially for the early
postoperative air leakage after surgery, which is worthy of
promotion and application in the future.
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