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Highlights

What are the main findings?

VATS bullectomy combined with pleurodesis by parietal abrasion compared to pleurectomy has
equivalent results in preventing recurrence 10 years after surgery.

What is the implication of the main finding?

Pleurodesis by parietal abrasion should be used instead of pleurectomy in VATS for treatment of
spontaneous pleura because of the early and long-term effectiveness that this technique brings.

Abstract: Background: Video-assisted thoracoscopic Surgery (VATS) bullectomy and pleurodesis for
the treatment of spontaneous pneumothorax continue to garner significant attention and discussion
regarding their effectiveness in preventing recurrent pneumothorax. Objectives: This study aimed to
evaluate the surgical results and prevent recurrence after 10 years using bullectomy and mechanical
pleurodesis with VATS. Study population and methodology: This descriptive longitudinal follow-up
study included 118 patients with primary spontaneous pneumothorax who underwent bullectomy
and mechanical pleurodesis by VATS at Pham Ngoc Thach Hospital, Ho Chi Minh City and Military
Hospital 103, Hanoi, Vietnam, between January 2007 and June 2013, with a postoperative follow-up
of 120 months. The study concluded in June 2023. Results: The average age of the patients was 28.2 +
10.2 years, with a male-to-female ratio of 6.4:1. The rates of postoperative complications and
recurrence during the 10-year follow-up period were 7.6% and 2.6%, respectively. Factors such as
gender, smoking history, history of pneumothorax, technique for suturing and excising air leaks and
bullae, and prolonged air leak after VATS for more than 5 days were not associated with the
postoperative recurrence rate (p>0.05). Pleural abrasion and pleurectomy had equivalent pooled
recurrence rates after 10 years (3.89% vs. 0, p>0.05). However, pleural abrasion had several
advantages over pleurectomy, including shorter surgical time (53.1 + 16.5 min vs. 78.1 = 31.0 min,
p<0.01), reduced intraoperative blood loss (78.9 + 76.4 mL vs. 152.1 + 362.6 mL, p<0.01), and reduced
postoperative pain (p<0.01). Conclusion: Application VATS for bullectomy and mechanical
pleurodesis for the treatment of primary spontaneous pneumothorax shows promising results, with
alow 10-year postoperative recurrence rate (2.6%). Pleural abrasion and pleurectomy had equivalent
pooled recurrence rates after 10 years. However, pleural abrasion has several advantages over
pleurectomy: shorter surgical time, reduced intraoperative blood loss, and reduced postoperative
pain.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Primary spontaneous pneumothorax (PSP) is a common thoracic disease affecting young adults,
having an estimated annual incidence of 7.4 per 100,000 in males and 1.2 per 100,000 in females [1][2].
This condition is of significant concern due to its high recurrence rate after treatment, with reported
rates ranging from 16% to 52% in several studies [3]. The pooled 1-year and overall recurrence rates
were 29.0% and 32.1%, respectively [4]. Some reports even documented recurrence rates as high as
54.4% during a mean follow-up period of 54 months (42-62 months) [5].

The surgical approach is the most effective treatment for PSP. The goals of surgery include
resection of the portion of the lung containing these ruptured or/and unruptured bullae (bullectomy)
and achieving mechanical pleurodesis to further decrease the risk of pneumothorax recurrence.
Video-assisted thoracoscopic surgery (VATS) for the treatment of spontaneous pneumothorax was
first reported by Levi et al. (1990) [6]. This method has been proven to be highly effective in treatment,
minimizing recurrence rates comparable to open surgery and significantly more effective than
conservative treatment (p < 0.001) [7]. In addition to facilitating the management of bullae, VATS
allows for effective mechanical pleurodesis, with the most widely adopted surgical techniques being
pleural abrasion and apical pleurectomy [8],[9]. However, the effectiveness and superiority of each
pleurodesis technique remain debated, requiring further clinical data to clarify [9]. This study aimed
to evaluate the outcomes and document the association of several factors with the recurrence rate of
pneumothorax in the treatment of PSP using VATS bullectomy and mechanical pleurodesis.

2. Study Population and Methodology

2.1. Study Population

This study included 118 patients with PSP who underwent VATS and mechanical pleurodesis
at Pham Ngoc Thach Hospital, Ho Chi Minh City, and Military Hospital 103, Hanoi, Vietnam,
between January 2007 and June 2013, with a postoperative follow-up of 120 months.

2.2. Inclusion Criteria

Patients meeting the following criteria were included: Patients diagnosed with PSP according to
the British Thoracic Society pleural disease guideline 2010 [10]. Patients undergoing VATS to
bullectomy and achieve pleurodesis using either pleurectomy or pleural abrasion.
2.3. Exclusion Criteria

Patients with secondary spontaneous pneumothorax, patients who declined to participate in the
study, and patients with incomplete medical records were excluded.

2.4. Methodology

This was a descriptive longitudinal follow-up study.
Subjects were selected using convenience sampling.
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2.5. Surgical procedure for primary spontaneous pneumothorax
2.5.1. Anesthesia: General Anesthesia with Double-Lumen Endotracheal Intubation

2.5.2. Patient Positioning and Surgical Team:

The patient was placed in a 90° lateral decubitus position with the affected lung side up.
The surgical team consisted of 3 members: The surgeon stood on the patient's right side, the
assistant surgeon, and the scrub nurse stood on the opposite side.

2.5.3. Surgical Steps:

Step 1: Trocar insertion:

- The first trocar (10 mm or 12 mm) was inserted at the 7™ or 8" intercostal space in the
midaxillary line.

- Additional trocars were typically placed at the 5" intercostal space in the anterior axillary line
(10 mm trocar) and below the tip of the scapula (5 mm trocar) under endoscopic visualization.

Step 2: Injury identification and assessment:

- The number and location of bullae were recorded.

- Air leak sites were identified by insufflating 500 to 1000 mL of 0.9% sodium chloride into the
pleural space, immersing the lung parenchyma in the fluid, and gradually re-inflating the lung. The
location of air bubbles indicated the leak site.

Step 3: Management of air leaks and bullae:

- The air leaks site and bullae were wedge-shaped and resected by endostaplers. The cutting line
in the remaining lung tissue was at least 1 cm away from the lesion. If more than one stapler was
required, they were placed contiguously to ensure a continuous suture line and prevent
postoperative air leaks at the junctions.

- For small (<10 mm), localized bullae (<3 in number), endoscopic clipping and excision followed
by single-strand suture closure could be performed (Figure 1).

Figure 1. Bullectomy with manual Suturing.

Step 4: Mechanical Pleurodesis: One of the following two methods was used:

- Pleural abrasion: The parietal pleura was scrubbed using an endoscopic suction tip across the
entire parietal pleura from the apex to the 5% intercostal space until petechial hemorrhage was
observed (Figure 2; Figure 3). The anterior border of the abraded area was the internal mammary
artery, and the posterior border was the paravertebral sulcus. After abrasion of the parietal pleura,
50 mL of 4% lodopovidine solution was injected into the pleural cavity to enhance pleural adhesion.

- Pleurectomy (Figure 4): The parietal pleura was dissected and resected from the apex down to
the 5th intercostal space. The anterior border of the resected area was lcm away from the internal
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mammary artery, and the posterior border was the intercostal muscles. Care was taken to preserve
the subclavian vessels at the apex [9].

Figure 2. Pleural abrasion.

Figure 3. Pleural abrasion.

Figure 4. Intraoperative view of pleurectomy in the right thoracic cavity.

Step 5: End of surgery:

- All bleeding points were checked, and electrocautery was used for hemostasis. A 28Fr chest
tube was inserted through the trocar site in the midaxillary line, with the tip placed superiorly near
the apex and the tube body positioned along the paravertebral sulcus. The drainage tube was
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connected to a closed drainage system. The lung was gradually re-ventilated, and the presence of any
residual air leaks was checked under camera visualization. Any remaining air leaks were addressed
with additional sutures or electrocautery to ensure complete lung expansion and apposition of the
visceral pleura to the chest wall.

- The chest drainage tube was secured, and the trocar insertion sites were closed with sutures.

2.5.4. Postoperative Care and Monitoring

- A closed, two-bottle drainage system was used for pleural drainage with a suction pressure of
-10 to -20 cm H2O. The drainage fluid was assessed and recorded every 24 hr for quantity and
characteristics. Postoperative pain management included intravenous paracetamol 1 gram every 8 hr
for the first 24 hr. On the second day, the dose was reduced to 0.5 grams orally every 8 hr, with
gradual dose reduction in the following days.

The chest tube was removed when there was no further air leakage for 24 hr, the drainage
volume was less than 200 mL in 24 hr, the fluid was serosanguineous, and a chest X-ray showed full
lung expansion.

- Patients were followed up regularly after discharge at 1 month, 3 months, 6 months, 12 months,
and 24 months in subsequent years postoperatively. The follow-up was concluded at 10 years from
the date of surgery.

Pulmonary function tests (FEV1, FVC, FEV1/FVC) were performed on patients presenting for
direct examination at the hospital (results were assessed based on normal values for Vietnamese
individuals: FEV1 2 80%, FVC 2 80%, FEV1/FVC 2 70%).

2.5.5. Study Parameters

- Description of the general characteristics of the study group: age; gender; Body Mass Index
(BMI); smoking habits; history of pneumothorax (yes/no); treatment before VATS (oxygen
therapy/chest tube insertion); imaging findings on chest X-ray and CT scan (pneumothorax, bullae).

- Description of the indications, techniques for managing air leaks and bullae, and methods of
pleurodesis.

- Assessment of early postoperative outcomes and the incidence of ipsilateral pneumothorax
recurrence: surgical time; intraoperative blood loss; volume of pleural drainage on postoperative
days 1 and 2; duration of chest tube drainage; postoperative complications; pain scale assessed by
Visual Analogue Scale (VAS) on postoperative day 3; number of patients with ipsilateral pleural
pneumothorax recurrence during the 120-month follow-up period.

Recurrence was defined as a further pneumothorax occurring more than 30 days after the end
of treatment in patients who had achieved full lung expansion following initial pneumothorax [5].

2.6. Data Analysis

The research records were standardized, and the collected variables were coded, then entered
into a database and analyzed using SPSS 20.0 statistical software.

Continuous variables are presented as mean + standard deviation. Continuous variables were
compared using Student's t-test. Categorical and ordinal variables are presented as percentages.
Categorical variables were compared using Chi-square (x2) tests and Fisher's exact tests when cell
sizes were less than five. Results were considered statistically significant at a P value <0.05.

3. Results

From January 2007 to August 2013, 118 patients who underwent VATS for PSP were enrolled in
the study. This included 39 patients who underwent surgery from January 2007 to September 2010
and received pleurectomy and 79 patients who underwent surgery from October 2010 to June 2013
and received pleural abrasion. A total of 115 patients were followed up for a complete duration of
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120 months post-surgery, including 38 patients in the pleurectomy group and 77 patients in the
pleural abrasion group.

The age group under 40 years old accounted for the majority of cases, with a rate of 82.2%. Males
were predominant, with a male-to-female ratio of 6.4:1. The indication for VATS in patients with
spontaneous recurrent pneumothorax was high (70.3%). Among the 83 patients with spontaneous
recurrent pneumothorax, 62 patients had a history of one episode of pneumothorax (74.7%), 15
patients had two episodes (18.1%), and 6 patients had three or more episodes (7.0%); patients with a
first episode accounted for 29.7%. The majority of patients (92.4%) underwent chest tube placement
for drainage and decompression before undergoing VATS. All patients had pneumothorax on chest
X-ray and CT scan. The chest CT scan was superior in detecting bullae on both the affected and the
contralateral side (Table 1).

Table 1. Study population’s characteristics.

Characteristic n %
<20 20 17.0
20-29 53 44.9
30 -39 24 20.3
Age (years) 40-49 15 12.7
>50 6 5.1
Mean 28.2+10.2 (16 - 55)
Male 102 86.4
Gender Female 16 13.6
. . Male 43 36.4
History of smoking Femalo 0 0
Male 18.9+2.8 (12.4 - 26.1)
BMI (kg/m?) (Mean+SD; Min-Max) Female 20.0 £2.6 (15.1 - 23.8)
Mean 19.0+£2.8 (12.4 - 26.1)
Ipsilateral 74 62.7
History of pneumothorax Contralateral > 42
Bilateral 4 34
None 35 29.7
Number of pneumothorax episodes before VATS (n = ! eplsode 62 525
83) 2 episodes 15 12.7
3 episodes 6 5.1
Chest Tube
Pre-VATS treatment Placement 109 924
Oxygen Therapy 9 7.6
Pneumothorax 118 100.0
Pneumothorax and bullae on chest X-ray (n =118) Ipsilateral Bullae 3 6.8
Pneumothorax 104 100.0
Ipsilateral Bullae 51 49.0
Pneumothorax and bullae on chest CT Scan (n=104) Contralateral Bullae 2 1.9
Bilateral Bullae 17 16.3
No Bullae 34 32.7

Recurrent pneumothorax and prolonged air leak after drainage were the surgical indications,
with rates of 70.3% and 29.7%, respectively. The majority of cases were managed with a stapler
(61.2%). The predominant pleurodesis technique was pleural abrasion (66.9%) (Table 2).
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Table 2. Surgical indications and techniques.
Characteristic n %
Surgical indications Prolonged air leak after drainage > 5 days 35 29.7
Recurrent pneumothorax 83 70.3
Technique for managingEndoscopic stapler 71 61.2
air leaks and bullae Bullectomy and manual suturing 47 39.8
. . Apical pleurectomy 39 33.1
Pl desis tech

eurodests TeCiMque  pleural abrasion 79 66.9

Pleurectomy had a longer surgical time, greater intraoperative blood loss, and less drainage
compared to the pleural abrasion group (p < 0.05). The postoperative pleural drainage duration was
not statistically different between the two groups (p > 0.05) (Table 3).

Table 3. Early postoperative outcomes by pleurodesis technique.

Apical
Overall pica Pleural abrasion P
pleurectomy
L1 . 61.4+25.0 78.1+31.0 53.1+16.5
Surgical time (minutes) (25-190) (45-190) (25-110) p<0.01
Intraoperative blood loss  116.0+264.4 152.1 + 362.6 789+76.4 <001
(mL) (20-2300) (30-2300) (20-400) p=7
410.0 +202.7 326.7 +149.0 451.1+213.6
i Day 1 .01

Postoperative ay (100-1200) (100-900) 100-1200) P <00
pleural drainage
(mL/24 hr) Day 2 182.9 £139.2 139.4+1029  203.7 + 149.8 (50- b <001

(20-600) (20-500) 600) ]
Postoperative pleural 31+28 32+33 31+25 0.85
drainage duration (days) (1-22) (1-22) (1-17) '

Pain level on postoperative day 3 was significantly lower in the pleural abrasion group
compared to the pleurectomy group (p < 0.001). Postoperative complications included hemothorax
(3.4%) and prolonged air leak > 5 days (4.2%). There was no significant difference in complication
rates between the pleurectomy and pleural abrasion groups (p > 0.05) (Table 4).

Table 4. Postoperative complications and pain scale at discharge.

Overall Apical pleurectomy  Pleural abrasion )
n(%) n(%) n(%)

Complications
Hemothorax 4 (3.4) 3(7.7) 1(1.3) 0.104
Prolonged air leak > 5, o) 125) 4(5.0) 0.665
days
Total 9(7.6) 4(10.2) 5(6.3) 0.475
Pain scale on Day 3
Mild pain (VAS 1-3) 94 (79.7) 19 (48.7) 75 (94.9)
Moderate/Severe  pain 24 (20.3) 20 (513) 4(5.0) <0.001

(VAS 4-7)

Mean respiratory function indices were all within normal limits at the recorded time points.

Differences in mean respiratory function indices between the 3-6 month and >6 month - 1-year

measurements were not statistically significant (p > 0.05) (Table 5).
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Table 5. Postoperative respiratory function test results.
Index Time of measurement Minimum Maximum Y +SD P
FVC 3-6 months (n=29) 56.8 117.4 78.8+15.6
(%) >6 months - 1 year (n=13) 58.9 98.7 81.4+13.9 0.609
’ Overall (n=42) 56.8 117.4 79.6 = 15.0
FEV1 3-6 months (n=29) 53.2 129.7 83.2+17.8
%) >6 months - 1 year (n=13) 65.4 111.0 84.3+12.0 0.840
’ Overall (n=42) 53.2 129.7 83.6 +16.1
3-6 ths (n=29 73.1 120.0 97.8+11.9
FEV1/FVC months (n=29)
%) >6 months - 1 year (n=13) 71.3 116.8 104.1+12.0 0.121
’ Overall (n=42) 71.3 120.8 99.7 £12.2

115 patients were followed up for a full 120 months after surgery. In the pleural abrasion group,
3 patients had ipsilateral pneumothorax recurrence (3.89%) at 2 months, 8 years, and 10 years
postoperatively. The patient with recurrence at 2 months had a small pneumothorax treated with
oxygen therapy for 5 days. The other two patients underwent repeat VATS for suture repair of air
leaks, bullectomy, and pleural abrasion. No recurrence was recorded in the pleurectomy group (Table
6).

Table 6. Ipsilateral pneumothorax recurrence and its association with several factors.

Characteristic Recurrence No recurrence
n (%) n (%) P
Male 2 (1.73) 97 (84.34)
Gend 0.364
ender Female 1(0.86) 15 (13.04)
_ Yes 2 (1.73) 40 (34.78)
Smok 0.552
moking No 1(0.86) 72 (62.60)
Pre-admission history Yes 1 (0.86) 80 (69.56) 0.208
of pneumothorax No 2 (1.73) 32 (37.82) )
i 1 1.7 A
Bullae suturingB indtoscopllcr:1 Ztlaf ir 1 2 (1.73) 68 (59.13) - os
technique wiectomy and manua 1(0.86) 44 (38.26) ‘
suturing
) ) Pleurectomy 0(0) 38 (33.04)
Pl d tech 0.549
EUroaests e que = bleural abrasion 3 (2.60) 74 (64.34)
Prolonged air leak Yes 1 (0.86) 4 (3.47) 0125
after drainage > 5 days No 2 (1.73) 108 (93.91) )
Total 3 (2.60) 112 (97.39)

4. Discussion

Sadikot et al. (1997) studied 197 patients with spontaneous pneumothorax, of which PSP
accounted for 77.66%. Most patients with secondary spontaneous pneumothorax had underlying
obstructive airway disease, asthma, or chronic obstructive pulmonary disease. The age ranged from
15 to 95 years, with a relatively high mean age of 36.8 + 17.4 [5]. Sawada S. (2005) studied 281 patients
with PSP, with a male-to-female ratio of 9.8:1 (255 males and 26 females) and a mean age of 29.1 +
13.6 (range 5 to 79 years) [7]. These results are similar to our study, with a mean patient age of 28.2 +
10.2 (16-55) and a male-to-female ratio of 6.4:1. However, some studies on spontaneous
pneumothorax have been conducted exclusively in patients under 40 years of age [9].

Recurrent pneumothorax is the most concerning issue in evaluating the effectiveness of a
treatment method for spontaneous pneumothorax. Sadikot et al. (1997) reported recurrence rates as
high as 54.2% in patients with spontaneous pneumothorax treated with minimally invasive methods
(oxygen therapy, aspiration, or chest tube insertion). In the subgroup of patients who underwent
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chest tube insertion at the outset without prior air aspiration, the recurrence rate was 53.8%.
Recurrence rates at 1 year, 2 years, and 4 years after drainage were 26.14%, 13.72%, and 14.38%,
respectively [5]. Similar results were obtained from a pooled analysis of 29 studies by Walker et al.
(2018), which showed pooled 1-year and overall recurrence rates of 29.0% (95% CI 20.9-37.0%) and
32.1% (95% CI 27.0-37.2%), respectively [11]. Thus, treatment of PSP with conservative methods,
without pleurodesis, has limited effectiveness due to the high recurrence rate.

Medical pleurodesis helps reduce the recurrence rate. Comparing patients treated with
aspiration or drainage alone with those who received additional pleurodesis with minocycline and
followed up for 12 months, the recurrence rates were 49.1% and 29.2%, respectively (p=0.003) [12].
Similar results have been reported with autologous blood pleurodesis, with recurrence rates ranging
from 0% to 29%, compared with 35-41% for drainage alone without pleurodesis [13],[14]. However,
guidelines do not recommend this as the initial treatment for PSP [13].

VATS bullectomy and pleurodesis are often indicated in cases of spontaneous pneumothorax
with prolonged air leak after drainage or recurrence, with the number of previous episodes ranging
from one (56.1%), two (20.6%) or three or more (3.7%) [9]. It is a safe procedure with a low
complication rate and short postoperative hospital stay [15]. Recurrence rates after VATS range from
0-12.6% [14-17]. Many studies have analyzed factors associated with recurrence after surgery. Pooled
analysis of 72 reports (published until December 2023) with 23,531 patients by Huang et al. (2024)
showed that factors increasing recurrence after surgery included male gender (OR: 0.61; 95% CI: 0.41—
0.92; p=0.02), younger age [mean difference (MD): -2.01; 95% CI: -2.57 to -1.45; p < 0.001), lower
weight (MD: -1.57; 95% CI: -3.03 to -0.11; p = 0.04), and lower BMI (MD: -0.73; 95% CI: -1.08 to 0.37; p
<0.001) [17]. However, Brophy et al. (2021) reported that age, gender, smoking, number of previous
surgeries, surgical technique, and pleurodesis technique were not associated with recurrence after
surgery. The authors also reported that bullectomy combined with pleurectomy for pleurodesis was
highly effective in preventing recurrence, with a recurrence rate of 0.0% [14].

Many studies have compared the outcomes of the two pleurodesis techniques: pleural abrasion
and pleurectomy. Studies have shown that pleural abrasion has several advantages over
pleurectomy, such as shorter surgical time (78 min vs. 103 min, p =0.001) [15], shorter hospital length
of stay (MD: -0.25; 95% CI: -0.51 to 0.00), postoperative chest tube duration (MD: -0.30; 95% CI: -0.56
to -0.03), operative time (MD: -13.00; 95% CI -15.07 to 10.92) and less surgical blood loss (MD: -17.77;
95% Cl: -24.36 to -11.18). In general, pleural abrasion reduces the “burden” of surgery for patients [8].
In addition, the reduced risk of bleeding complications with pleural abrasion compared to
pleurectomy, especially in patients with coagulopathy, has been noted, whereas pleurectomy can
cause Horner’s syndrome [9]. Meanwhile, mid- and long-term results show no difference between
the two mechanical pleurodesis techniques, with no difference in respiratory function and
postoperative recurrence rates [8],[9],[17].

This study used VATS to manage air leaks, bullae, and mechanical pleurodesis, indicated in
cases of prolonged air leak for more than 5 days after drainage (29.7%) or recurrent spontaneous
pneumothorax (70.3%), including patients with one, two, and three or more episodes (74.7%, 18.1%,
and 7.0%, respectively). The results were auspicious, with a postoperative complication rate of 7.6%
and a recurrence rate of 2.6% during the 10-year follow-up period. Analyzing the association between
recurrence and factors such as gender, smoking, history of previous pneumothorax, technique for
suturing air leaks and bullae (manual suturing or endoscopic stapler), and prolonged air leak after
VATS for more than 5 days, we found no significant differences (p > 0.05). Comparing the results
between patients who underwent pleural abrasion and pleurectomy showed that the two methods
were equivalent in terms of postoperative pleural drainage duration (3.2 + 3.3 vs. 3.1 = 2.5 days),
postoperative complication rate (10.2% and 6.3%), and postoperative recurrence rate (3.89% vs. 0%).
However, pleural abrasion had several advantages, such as shorter surgical time (53.1 £ 16.5 vs. 78.1
+ 31.0 min), less intraoperative blood loss (78.9 + 76.4 mL vs. 152.1 £ 362.6 mL), and less postoperative
pain (mild pain 94.9%, moderate and severe pain 5.1% vs. 48.7% and 51.3%), p <0.01. The main reason
for the difference is the difficulty of the technique and the high degree of invasiveness in pleurectomy,
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causing damage to the intercostal muscles and even the intercostal arteries, increasing the risk of
bleeding and blood loss, causing more damage to the sensory nerve branches located in the parietal
pleura. Thus, based on the available results, we recommend using pleural abrasion instead of
pleurectomy in the prevention of recurrence and treatment of spontaneous pneumothorax.

The study had several limitations: there were few follow-up indicators post-surgery, and the
measurement of respiratory function indices after surgery was not comprehensively conducted for
all patients. If this variable was fully recorded, it would be of great significance in evaluating and
comparing the effects of pleurodesis techniques on the patient's respiratory function post-surgery.

5. Conclusions

VATS bullectomy and mechanical pleurodesis for the treatment of PSP exhibit auspicious
results, with a low 10-year postoperative recurrence rate (2.6%). Smoking, history of previous
pneumothorax, technique for suturing air leaks and bullae, and prolonged air leak after surgery for
more than 5 days were not associated with recurrence (p > 0.05). Pleural abrasion and pleurectomy
had similar pooled recurrence rates after 10 years (3.89% vs. 0%, p > 0.05), but pleural abrasion has
several advantages over pleurectomy: shorter surgical time, reduced intraoperative blood loss, and
reduced postoperative pain (p < 0.01).
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