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Background: Primary spontaneous pneumothorax is managed initially with observation and chest tube 
placement, followed by surgical intervention in select cases. With little currently published evidence, the role 
of surgical pleurodesis or pleurectomy to reduce primary spontaneous pneumothorax recurrence is unclear. 
This study compares the recurrence rates of primary spontaneous pneumothorax following bullectomy alone 
versus bullectomy with pleurodesis or pleurectomy.
Methods: A retrospective review was performed at a quaternary hospital for all patients undergoing surgery 
for primary spontaneous pneumothorax between June 2006 and December 2018. Patient demographics, 
disease severity, operative technique, and time between initial surgery and recurrence were recorded. 
Standard statistical techniques were used for univariable and multivariable analyses.
Results: Of 222 total included patients, 28 required a second surgery: 4 (1.8%) for prolonged air leak 
and 24 (10.8%) for recurrent pneumothorax. The median time from first to second surgery was 363 days 
and 35.7% of recurrences did not present until after two years. Age, sex, smoking, year of initial surgery, 
disease severity, and surgical technique did not significantly affect recurrence rate on univariable analysis. 
On multivariable analysis, the odds ratios of recurrence for bullectomy with mechanical pleurodesis 
or pleurectomy were respectively 0.82 and 0.15 (P=0.218), compared to bullectomy alone. Combined 
bullectomy, pleurectomy, and pleurodesis was most effective (0/18, 0%).
Conclusions: Bullectomy with pleurectomy and pleurodesis demonstrated a 0% recurrence rate for the 
treatment of primary spontaneous pneumothorax in this study. Statistical significance was not achieved in 
univariable or multivariable analyses comparing recurrence rates for the surgical approaches. A multi-center 
randomized controlled trial with longer follow-up than previously performed is needed to confirm these 
preliminary findings and optimize surgical management of primary spontaneous pneumothorax.
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Introduction

A pneumothorax forms when air collects in the pleural space 
between the lung and the chest wall. A nonspontaneous 
pneumothorax has an identifiable inciting event, most often 
being traumatic or iatrogenic. A spontaneous pneumothorax 
occurs despite having no readily identifiable inciting event. 
A primary spontaneous pneumothorax (PSP) occurs in a 
patient with no apparent underlying lung disease. PSPs are 
typically caused by rupture of subpleural blebs (<2 cm) or 
bullae (≥2 cm) (1).

PSP has an annual incidence of 18–28 per 100,000 in 
men and 1.2–6.0 per 100,000 in women (2). The goals 
of treating a PSP include elimination of the existing 
pneumothorax and minimizing recurrence (3,4). The most 
recent guidelines for management of PSP were published 
by The American College of Chest Physicians (ACCP) in 
2001 and the British Thoracic Society (BTS) in 2010 (5,6). 
In summary, small PSPs in stable patients can be observed 
but a large pneumothorax (variably defined in the guidelines 
as >2 or >3 cm) or any pneumothorax in an unstable patient 
requires aspiration or a chest tube. Chest tubes can be 
removed once there is no air leak. In these guidelines, if the 
air leak persists for more than approximately 4 days, the 
next recommended step is surgery. Previous studies have 
examined trials of non-operative management ranging from 
3 to 14 days (7-9). The risk of recurrence for PSPs treated 
with conservative treatment alone is 16–52% after the first 
episode and 65% after the second ipsilateral episode (10,11). 
Therefore, it is important to determine which surgical 
technique best minimizes recurrence risk.

The standard surgical approach for management of 
PSP is bullectomy. Classically, congenital bullae exist in 
the apex of the lung and wedge resection of the portion 
of lung containing these ruptured bullae (bullectomy) 
will decrease the risk of pneumothorax recurrence. In 
addition to bullectomy, pleurectomy or pleurodesis is 
performed to further decrease the risk of pneumothorax 
recurrence. However, there is limited data suggesting that 
these additional procedures offer benefit. Specifically, 
studies have been published showing no further decrease in 
pneumothorax recurrence risk following bullectomy with 
mechanical pleurodesis (12), chemical pleurodesis (13), or 
pleurectomy (14) compared to bullectomy alone. These 
studies are criticized for having relatively short follow-
up periods (mean 18–46 months). There is currently no 
consensus guideline on the surgical approach which best 
minimizes pneumothorax recurrence risk and despite a lack 

of evidence, pleurodesis or pleurectomy are still commonly 
performed with bullectomy in patients thought to have a 
high recurrence risk (6). To address existing gaps in the 
literature, this study’s primary objective is to examine 
recurrence rates when pleurodesis or pleurectomy is 
performed with bullectomy compared to bullectomy alone 
in patients with PSP. We hypothesize that patients who 
undergo bullectomy with pleurodesis or pleurectomy will 
have a decreased recurrence rate compared to patients who 
undergo bullectomy alone. Secondary objectives include 
an evaluation of patient and disease factors associated with 
recurrence. We present the following article in accordance 
with the STROBE reporting checklist (15) (available at 
http://dx.doi.org/10.21037/jtd-20-3257).

Methods

Study design and population

This retrospective cohort study describes patient outcomes 
after surgical treatment for PSP at a quaternary-care 
hospital for the region and the only center providing 
thoracic surgery services. All incident cases of PSP treated 
with bullectomy from June 2006 to December 2018 in 
patients older than 17 and younger than 45 years of age 
were identified using the Canadian Institute for Health 
Information (CIHI) hospitalization records. Comparable 
publications limited the upper age limit for inclusion at  
40 years (12,14) or 50 years (13). Chart abstraction for 
patient demographics and operative details was completed 
using electronically available medical records. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional ethics board of the 
Nova Scotia Health Authority (File number 1024736) and 
individual consent for this retrospective analysis was waived.

Measures and outcomes

The primary study outcome is pneumothorax recurrence. 
Recurrence was defined to occur in a participant who had 
already undergone bullectomy or wedge resection for PSP 
requiring a second surgery for ipsilateral pneumothorax 
either for prolonged air leak or from true recurrence. If this 
second surgery occurred fewer than 15 days after the initial 
surgery date, this was classified as a prolonged air leak. If a 
second surgery was performed more than 15 days following 
the initial surgery, it was classified a ‘true’ recurrent 
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pneumothorax. The etiology of the clinical recurrence in 
each case was not captured in the original data which is 
why ‘true recurrence’ and ‘prolonged air leak’ are defined 
temporally. The cut-off of 15 days was chosen because at 
our centre, no patient would undergo a trial of inpatient 
non-operative management of an air leak exceeding  
15 days, and comparable previous studies have examined 
trials of non-operative air leak management ranging from 
3 to 14 days (7-9). There were no instances in which a 
patient presented following bullectomy with a clinical or 
radiographic ipsilateral pneumothorax recurrence and was 
managed non-operatively rather than undergoing a second 
ipsilateral surgery.

Secondary outcomes included an assessment of 
potential predictors of pneumothorax recurrence. These 
factors included age, sex, smoking status, disease severity, 
surgical method, contralateral pneumothorax (historical 
diagnosis or diagnosed during the study period), year of 
initial surgery, surgical approach, and performance of 
decortication. A priori the cases were stratified based on an 
assessment of disease severity. Disease severity was scored 
based on thoracoscopic findings at the time of surgery 
using Vanderschueren’s classification (14). In this validated 
classification scheme, stage 1 is used when no thoracoscopic 
abnormalities are noted, stage 2 when pleuropulmonary 
adhesions are seen, stage 3 when blebs are noted with a 
greatest dimension <2 cm, and stage 4 when bullae with 
a greatest dimension ≥2 cm are noted. Some operative 
dictations did not explicitly measure the greatest dimension 
of the bullae seen. In these cases, bullae described as ‘giant,’ 
or ‘large’ were categorized as stage 4, and blebs described 
as ‘small’ were categorized as stage 3. In cases for which 
the operative note did not adequately describe bulla size, 
the pathology report was used to estimate size. Those 
cases for which disease severity could not be determined 
based on the operative or pathology reports are reported as 

‘Indeterminate’.
Pleurectomy was defined as the removal of the parietal 

pleura. The typical method of pleurectomy in this study 
involved using electrosurgery to circumferentially delineate 
a section of parietal pleural, and then peeling this pleura 
from the underlying structures. Mechanical pleurodesis was 
defined as abrasion of the parietal pleura and was typically 
performed by inserting a small piece of cautery scratch pad 
into the pleural space and using it to scratch the parietal 
pleura. Chemical pleurodesis is not commonly used in 
the operating room at this institution. Decortication was 
defined broadly in this study as peeling off a visceral pleural 
rind and/or extensive lysis of intrathoracic adhesions. The 
group called ‘Any Pleurectomy’ includes patients who had a 
partial pleurectomy in addition to some form of mechanical 
and/or chemical pleurodesis.

Patients in this study typically had one scheduled 
follow-up appointment approximately 4 to 6 weeks post-
operatively. Beyond this one scheduled appointment, 
the patient was brought to the attention of the Thoracic 
Surgery group if they experienced symptoms and then 
underwent a chest X-ray demonstrating pneumothorax 
recurrence. In this catchment area, Thoracic Surgery is 
performed only at this quaternary centre, so pneumothorax 
recurrences would not be referred elsewhere.

Statistical analysis

Comparisons of proportions between study groups were 
made using the Chi-square tests and Fisher’s exact tests 
when cell sizes were less than five. T-tests were used to 
analyze continuous variables. Factors associated with 
recurrence were evaluated by logistic regression. Results 
were considered statistically significant at P value <0.05. 
All analyses were performed using SAS version 9.4 (SAS 
Institute, Cary, NC). To account for the time to the 
outcomes, we additionally re-examined our data using the 
Kaplan-Meier method with log-rank tests for univariable 
analysis and Cox regression for multivariable analysis.

Results 

Two hundred and twenty-two patients were included 
in the study (Figure 1). Thirteen percent (28/222) were 
operated on for pneumothorax recurrence (Table 1). The 
median age was 24 years (IQR 19–32) and 73% (161/222) 
of patients were male. Thirty-seven percent (82/222) of 
patients smoked tobacco and 16% (36/222) had a history 

Surgery for spontaneous 
pneumothorax (2006–2018)

N=348

Surgery for primary spontaneous 
pneumothorax (2006–2018)

N=222

COPD            N=49
Diagnosed     N=35
Age >45         N=109

Excluded patients

Figure 1 CONSORT diagram of study population identification
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Table 1 Characteristics of study population

Characteristics All patients,  
number (%)

Pleurodesis or pleurectomy technique

Bullectomy alone,  
number (%)

Mechanical pleurodesis,  
number (%)

Pleurectomy,  
number (%)

Pleurodesis and  
pleurectomy, number (%) P

N 222 126 (56.8) 61 (27.5) 17 (7.7) 18 (8.1)

Patient-related

Age, years

Mean (SD) 26.3 (7.9) 25.8 (7.7) 27.2 (8.2) 26.9 (8.6) 26.3 (8.2) 0.719

Median [IQR] 24 [19–32] 23 [19–31] 26 [20–32] 24 [22–29] 24 [19–32]

Sex 0.336

Female 61 (27.5) 31 (24.6) 20 (32.8) 3 (17.7) 7 (38.9)

Male 161 (72.5) 95 (75.4) 41 (67.2) 14 (82.4) 11 (61.1)

Smoking tobacco 0.445

No 140 (63.1) 83 (65.9) 35 (57.4) 9 (52.9) 13 (72.2)

Yes 82 (36.9) 43 (34.1) 26 (42.6) 8 (47.1) 5 (27.8)

Disease-related

Vanderschueren’s classification 0.005

Stage 1 15 (6.8) 12 (9.5) 0 (0.0) 2 (11.8) 1 (5.6)

Stage 2 37 (16.7) 26 (20.6) 9 (14.8) 2 (11.8) 0 (0.0)

Stage 3 118 (53.2) 70 (55.6) 34 (55.7) 6 (35.3) 8 (44.4)

Stage 4 45 (20.3) 16 (12.7) 16 (26.2) 5 (29.4) 8 (44.4)

Indeterminate 7 (3.2) 2 (1.6) 2 (3.3) 2 (11.8) 1 (5.6)

Contralateral pneumothorax 0.010

No 186 (83.8) 112 (88.9) 43 (70.5) 16 (94.1) 15 (83.3)

Yes 36 (16.2) 14 (11.1) 18 (29.5) 1 (5.9) 3 (16.7)

Treatment-related

Year of initial surgery <0.001

2006–2010 80 (36.0) 50 (39.7) 21 (34.4) 3 (17.7) 6 (33.3)

2011–2014 82 (36.9) 40 (31.8) 30 (49.2) 0 (0.0) 12 (66.7)

2015–2018 60 (27.0) 36 (28.6) 10 (16.4) 14 (82.4) 0 (0.0)

Surgical approach at initial  
surgery

0.121

Open 3 (1.4) 1 (0.8) 0 (0.0) 1 (5.9) 1 (5.6)

VATS 219 (98.7) 125 (99.2) 61 (100.0) 16 (94.1) 17 (94.4)

Decortication performed 0.053

No 186 (83.8) 110 (87.3) 50 (82.0) 15 (88.2) 11 (61.1)

Yes 36 (16.2) 16 (12.7) 11 (18.0) 2 (11.8) 7 (38.9)

Table 1 (continued)
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Table 1 (continued)

Characteristics All patients,  
number (%)

Pleurodesis or pleurectomy technique

Bullectomy alone,  
number (%)

Mechanical pleurodesis,  
number (%)

Pleurectomy,  
number (%)

Pleurodesis and  
pleurectomy, number (%) P

Recurrence 0.302

No 194 (87.4) 107 (84.9) 53 (86.9) 16 (94.1) 18 (100.0)

Yes 28 (12.6) 19 (15.1) 8 (13.1) 1 (5.9) 0 (0.0)

In all patients bullectomy was performed, and pleurectomy or pleurodesis were performed in addition at the time of bullectomy. 
Vanderschueren’s classification: stage 1, no noted thoracoscopic abnormalities; stage 2, pleuropulmonary adhesions; stage 3, largest 
defect present is a subpleural bleb (<2 cm in greatest dimension); stage 4, largest defect present is a subpleural bulla (≥2 cm in greatest 
dimension). SD, standard deviation; IQR, inter-quartile range.

of a contralateral pneumothorax. Decortication was 
necessary in 16% (36/222) of initial surgeries and only three 
(1%) required an open thoracotomy rather than a VATS 
approach. 

The pleurectomy and pleurodesis  groups were 
statistically similar with four notable exceptions. For 
patients undergoing both mechanical pleurodesis and 
pleurectomy, significantly more had Vanderschueren’s 
stage 4 disease (44%, 8/18), and no patients had disease 
stage 2 (P=0.005). For the mechanical pleurodesis group, 
significantly more patients had a documented contralateral 
pneumothorax than in the other groups (30%, 18/61, 
P=0.010). No patients from the pleurectomy group had 
surgery performed from 2011–2014 and no patients in 
the group combining pleurectomy with some form of 
pleurodesis had surgery from 2015–2018 (P<0.001). Finally, 
decortication was performed in significantly more patients 
undergoing both mechanical pleurodesis and pleurectomy 
than for the other treatment groups (39%, 7/18, P=0.053).

The overall population recurrence rate for PSP treated 
with surgery was 13% (28/222). When analyzed based 
on operative technique, the overall recurrence rate for 
bullectomy alone was 15% (19/126) and for bullectomy plus 
any form of pleurodesis, the recurrence rate was 9% (9/96, 

P=0.205). When examined by specific surgical approaches, 
bullectomy plus mechanical pleurodesis was 13% (8/61), 
bullectomy plus pleurectomy was 6% (1/17), and for 
bullectomy plus pleurectomy and mechanical pleurodesis 
the recurrence rate was 0% (0/18, P=0.302). 

For the 28 patients who went on to have a second 
surgery for PSP, the median time from initial surgery to 
second surgery for recurrence was 363 days (IQR 20–1,026,  
Table 2). The distribution of recurrences based on number 
of days between the first surgery for PSP and the second 
surgery for recurrence is presented in Figure 2. Four 
(14%) patients had a second surgery within the first  
15 days following the initial surgery due to prolonged air 
leaks. Between 16 and 30 days following the initial surgery,  
6 (21%) patients had a second surgery for a recurrent PSP. 
Between a month and a year following the initial surgery,  
4 (14%) were operated on for recurrence. Between one and 
two years following the initial surgery, 4 (14%) required re-
operation, and between two and three years an additional 
four required surgery for a recurrence. Six (21%) patients 
required re-operation to treat a recurrence at more than 
three years following their initial surgery, with the longest 
duration between first and second surgery being 10 years 
(3,652 days). Nine patients had three or more surgeries. 

Table 2 Time between first and second surgery

Patients with  
recurrence

Bullectomy  
alone

Mechanical  
pleurodesis

Pleurectomy
Pleurodesis and  

pleurectomy

N 28 19 8 1 0

Days between first and second surgery

Mean (SD) 700.3 (921.7) 523.3 (538.3) 1,208.0 (1,443.1) – –

Median [IQR] 363 [20–1,026] 401 [19–971] 485 [30–2,488.5] – –
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Seven out of the nine had more than two surgeries due to 
contralateral pneumothorax and two patients (2/9; 22%) 
had three surgeries due to a second ipsilateral recurrence.

Univariable and multivariable analyses (Table 3) found no 
associations between rate of recurrence and year of surgery, 
age, sex, smoking, or disease severity. On multivariable 
analysis using PSP treated with bullectomy alone at the time 
of initial surgery as a reference, patients who underwent 
bullectomy with mechanical pleurodesis at the time of 
initial surgery were found to have a lower risk of recurrence 
(OR 0.82, 95% CI: 0.31–2.20) and those who underwent 
bullectomy with any pleurectomy were found to have the 
lowest risk of recurrence, though these differences were 
not statistically significant (OR 0.15, 95% CI: 0.02–1.27, 
P=0.218). There were no differences in the results when re-
examined using time to event analysis.

Discussion 

The recurrence risk in this study for patients treated for 
PSP with bullectomy and pleurectomy trended lower than 
for patients treated with bullectomy alone, although this 
difference was not statistically significant. Notably, none 
of the 18 patients treated with bullectomy, pleurectomy, 
and pleurodesis experienced recurrence. Interpreting these 
findings is challenging because we were unable to include a 
zero value in our analysis. Presumably the true recurrence 
rate for this group is nonzero and a study containing more 
participants may have been able to statistically analyze 
this nonzero recurrence rate. Any significant difference in 
recurrence rates would contrast with the findings of earlier 
studies, which found no such effect (12-14). 

The recurrence rates in this study are higher than 
previously reported. Recurrence was 15% for PSP treated 
with bullectomy alone, 13% for those treated with 
bullectomy and mechanical pleurodesis, and 6% for PSP 

treated with bullectomy and pleurectomy (with or without 
additional pleurodesis, Table 3). In a 2014 RCT by Min  
et al., recurrence following bullectomy alone was 7.5% 
and for bullectomy with mechanical pleurodesis was  
5.9% (12). In a 2008 RCT by Rena et al., recurrence 
following bullectomy with apical pleurectomy was 4.6% and 
for bullectomy with mechanical pleurodesis was 6.2% (14). 
It is possible that follow-up in these earlier studies was too 
short to accurately capture the true recurrence rate. The 
mean follow-up for Min et al. was 18 months (range 6 to  
24 months), and for Rena et al. was 46 months (range 
24 to 66 months) (12,14). The median follow-up in the 
present study was 81 months (range 12 to 162 months) and 
35.7% of the recurrences were recorded more than 3 years 
following the initial surgery (Figure 2). One recurrence 
was noted 10 years following the initial surgery. Follow-
up periods for previous studies may be inadequately short, 
potentially missing a significant number of recurrences.

A recent meta-analysis found that the addition of 
chemical pleurodesis to VATS mechanical pleurodesis or 
pleurectomy with or without bullectomy was associated 
with a 63% lower risk of pneumothorax recurrence 
compared to intervention without chemical pleurodesis (16).  
Our institution tends not to use chemical pleurodesis as 
a first line agent in cases of pneumothorax recurrence 
and the chemical agents used in this meta-analysis were 
heterogeneous (variably minocycline, tetracycline, talc, and 
dextrose), so these results aren’t comparable to our data. 
However, there may additionally be a role for chemical 
pleurodesis to further minimize recurrence risk of PSP.

No statistically significant association was found between 
recurrence rate and any other factors analyzed in this study. 
This lack of associations contrasts with previously published 
studies. Predictors of increased recurrence rate after surgery 
for PSP have previously been identified for smoking 
(17,18), younger age (19,20), female sex (17,18), VATS  
approach (21), and greater disease severity (14). 

Although not statistically significant, patients found to 
have no thoracoscopic abnormalities (Vanderschueren’s 
stage 1) were more likely to recur than were patients 
found to have a lesion. Review of the operative reports 
revealed that following an initial surgery which failed to 
find a thoracoscopic abnormality, blebs or bullae were 
found in many of the second surgeries. It is possible 
that these lesions were missed initially. It is important 
to maintain a high suspicion that a targetable bulla is 
present even when no thoracoscopic abnormality is 
initially discovered. Tsou et al. found no association 

7

6

5

4

3

2

1

0 (0–15)           (16–30)       (31–365)     (366–730)   (731–1,095)  (1,096–3,652)

Days Between First and Second Surgery

Fr
eq

ue
nc

y

Figure 2 Frequency of cases of recurrence.
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Table 3 Univariable and multivariable analyses

Characteristic
Total (N=222),  

number
Recurrence (N=28), 

number [%]

Univariable analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P

Patient-related

Year of surgery 0.92 (0.82–1.04) 0.187 0.93 (0.81–1.06) 0.248

Age, years 1.02 (0.97–1.07) 0.452 1.00 (0.95–1.06) 0.918

Sex 0.555 0.585

Female 61 9 [15] Ref Ref

Male 161 19 [12] 0.77 (0.33–1.82) 0.78 (0.31–1.93)

Smoking 0.130 0.173

No 140 14 [10] Ref Ref

Yes 82 14 [17] 1.85 (0.84–4.11) 1.87 (0.76–4.57)

Disease-related

Vanderschueren’s classification 0.162 0.141

Stage 1 15 4 [27] 1.56 (0.38–6.38) 1.71 (0.38–7.72)

Stage 2 37 7 [19] Ref Ref

Stage 3 118 9 [8] 0.35 (0.12–1.03) 0.35 (0.12–1.04)

Stage 4 45 7 [16] 0.79 (0.25–2.50) 0.85 (0.24–2.99)

Indeterminate 7 1 [14] 0.71 (0.07–6.92) 0.92 (0.08–10.93)

Treatment-related

Pleurodesis/pleurectomy, combined 0.209 0.223

Bullectomy alone 126 19 [15] Ref Ref

Any pleurodesis or pleurectomy 96 9 [9] 0.58 (0.25–1.35) 0.56 (0.22–1.42)

Pleurodesis/pleurectomy, separated 0.225 0.218

Bullectomy alone 126 19 [15] Ref Ref

Mechanical pleurodesis 61 8 [13] 0.85 (0.35–2.07) 0.82 (0.31–2.20)

Any pleurectomy 35 1 [3] 0.17 (0.02–1.28) 0.15 (0.02–1.27)

In all cases bullectomy was performed, and pleurectomy or pleurodesis were performed in addition at the time of bullectomy. Of 222 
in the total population, 28 patients were operated on a second time for recurrence. Vanderschueren’s classification: stage 1, no noted 
thoracoscopic abnormalities; stage 2, pleuropulmonary adhesions; stage 3, largest defect present is a subpleural bleb (<2 cm in greatest 
dimension); stage 4, largest defect present is a subpleural bulla (≥2 cm in greatest dimension). 

between performance of a pre-operative CT scan 
of the chest in cases of PSP and recurrence after  
surgery (22). Additionally, bullae detection rates are 
recorded to be higher during surgery (76–100%) than 
on pre-op CT scans (23-25). Almajid et al. reported a 
positive predictive value (PPV) of 86% and a negative 
predictive value (NPV) of 73% for detection of PSP on CT  
scan (26). Therefore, pre-operative CT scan does not seem 

to confer a superior rate of bulla detection and may not be 
helpful even in cases where no bullae are initially detected 
thoracoscopically. This recommendation against routine 
performance of chest CT scans is consistent with current 
guidelines (6,27).

This study is population-based, thus avoiding the bias 
associated with more restricted cohorts and suffering very 
little loss to follow-up. The population is young (age <45) 
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and few health-related confounders are thought to exist 
in this study. In addition to the limitations inherent to a 
retrospective study, selection bias may exist in this analysis 
because the type of surgery performed for each patient was 
unilaterally chosen by the surgeon. The authors predicted 
that a surgeon’s decision about which procedure to perform 
may have been influenced by disease severity, which is why a 
priori the cases were stratified by disease severity. It is likely, 
however, that this stratification incompletely compensated 
for the selection bias. The cohort in this study was 
possibly too small to detect weaker associations despite the 
sample size being comparable to similar published studies  
(12-14). In comparison to the rest of Canada, the population 
of the Maritime provinces tends to be more rural, more 
Caucasian, and have a higher BMI (28-30). Despite these 
differences, the results of this study are generalizable to any 
North American population.

One limitation of this study is that we did not explicitly 
examine complications from the various surgical methods. 
Chen et al. reported on a similar population and looked at 
post-operative pain and chest tube drainage (13). In this 
study, patients reported greater pain following pleurectomy 
than following mechanical pleurodesis and chemical 
pleurodesis using minocycline on, but not following, the 
first post-operative day. Additionally, they report that the 
total chest tube drainage was significantly more following 
pleurectomy than following mechanical pleurodesis and 
chemical pleurodesis.

In summary, based on this retrospective observational 
analysis, no significant difference was found in the rate of 
recurrence of PSP treated with bullectomy and pleurectomy 
or bullectomy and pleurodesis. We were unable to properly 
assess the difference in recurrence between these rates and 
the rate for the bullectomy, pleurectomy, and pleurodesis 
group, because the recurrence rate for this group was 
zero. Performance of a combination of pleurectomy and 
mechanical pleurodesis with bullectomy may be indicated in 
cases of PSP suspected to be at higher risk of recurrence. A 
multi-centred randomized controlled trial (RCT) is necessary 
to further answer this question. Based on the temporal 
distribution of recurrences found in these data, the 2 to 3-year 
follow-up used in most published pneumothorax-related 
RCTs to date is inadequate and should be extended to 5 years 
of follow-up to accurately capture the recurrence rate.
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