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ABSTRACT
Background: Persistent air leak (PAL) is common in secondary spontaneous pneumothorax (SSP), 
with risk factors only been determined for post-pulmonary resection PAL. Information about its 
risk factors and long-term outcome is, however, necessary to enable selection of treatment 
modalities for elderly SSP patients with comorbid conditions.
Methods: A retrospective observational study was performed on chest drain-treated SSP patients 
from 2009 to 2018. The risk factors, long-term recurrent pneumothorax, and mortality rates of 
those with and without PAL were evaluated.
Results: Of 180 non-surgical SSP patients, PAL prevalence for >2 days and >7 days were 81.1% and 
43.3%, respectively. Bulla was associated with PAL >7 days (OR: 2.32; P: 0.027) and serum albumin 
negatively associated (OR: 0.94; P: 0.028). PAL resulted in longer hospitalization in the index episode 
(P: <0.01). PAL >7 days was associated with a higher pneumothorax recurrence rate in three months 
(HR: 2.65; P: 0.041), one year (HR: 2.50; P: 0.040) and two-year post-discharge (HR: 2.40; P: 0.029). 
Patients treated with medical pleurodesis were significantly older (P: <0.01), had higher Charlson Co- 
morbidity index scores (P: <0.01), and 77.8% of those who had PAL >7 days were considered unfit for 
surgery. Of these, pneumothorax had not recurred in 69.4% after two years (HR: 0.47; P: 0.044).
Conclusion: Bulla was positively associated with PAL over seven days in SSP patients while albumin 
was negatively associated. PAL over seven days increased future recurrent pneumothorax risks, while 
elderly SSP patients unfit for surgery had acceptable recurrence rates after medical pleurodesis.

ARTICLE HISTORY
Received 15 September 
2022  
Accepted 11 January 2023  

KEYWORDS
Pneumothorax; persistent air 
leak; pleurodesis; recurrence; 
pleural

Introduction

Secondary spontaneous pneumothorax (SSP) is a common 
complication of underlying lung conditions. Chronic 
obstructive pulmonary disease (COPD) accounted for 
50–70% of SSP, followed by prior pulmonary tuberculosis 
(40%) and malignancy (8%) [1–3], while 32% had more 
than one respiratory condition [2]. Compared to primary 
spontaneous pneumothorax (PSP), pneumothorax recur-
rence is more prevalent after SSP [3].

Persistent air leak (PAL) is common in SSP, fre-
quently lasting longer than that in PSP [4] and 
prolonging hospitalization [5–8]. Studies on PAL risk 
factors have been mostly on patients post-lung resec-
tion [9–13] or PSP [14], with only very few on SSP 
[4,7,15]. Although early recognition may allow timely 
institution of appropriate treatment and improve out-
come, predictors for PAL in SSP have not been 
reported [4,8]. It is also not clear whether PAL during 
the index pneumothorax episode is associated with 
long term consequences post-discharge.

Methods

Objectives

We aimed to evaluate the prevalence of PAL in SSP 
patients in a Hong Kong hospital to identify its risk 
factors and two-year clinical outcome.

Study design

A retrospective observational study on SSP patients was 
conducted from 1 January, 2009 to 31 December, 2018 
in Pamela Youde Nethersole Eastern Hospital 
(PYNEH), an acute general Hong Kong hospital ser-
ving 0.6 million population. The study was approved 
by the Research Ethics Committee of Hong Kong East 
Cluster (Ref. No.: HKECREC-2021-076) of the 
Hong Kong Hospital Authority (HA).

All patients who had diagnostic coding of SSP were 
abstracted from the HA Clinical Management System. 
Inclusion criteria were patients: 1) older than 18 years; 
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and 2) who suffered from SSP diagnosed on chest 
X-ray; and 3) who had been treated with chest drains.

Exclusion criteria included: 1) Younger than 18  
years; or had any one or more of the following: 2) 
Initial diagnosis of pneumothorax made by CT scan 
of the thorax and not visible by chest X-ray on the 
same day; 3) Primary spontaneous pneumothorax; 4) 
Trauma-related or iatrogenic pneumothorax; 5) 
Pneumothorax not treated with chest drain insertion; 6) 
Air leak duration uncertain; 7) Chest tube accidentally 
dislodged before pneumothorax resolution and not 
replaced; 8) Received mechanical ventilation (invasive 
or non-invasive) during the index episode; 9) Trapped 
lung; 10) COPD documented as diagnosis but not 
confirmed by lung function; 11) Diagnosis of under-
lying lung condition uncertain and 12) Wrong coding.

PAL was defined according to the 2010 British 
Thoracic Society (BTS) guideline, as air leak for more 
than 2 days after chest tube insertion [16]. The preva-
lence of PAL at 2 days and 7 days were calculated. Air 
leak duration in days was determined by doctors’ doc-
umentation supplemented by nursing record on air 
leak. If air leak had stopped and recurred, the day the 
last air leak documented was used to determine the air 
leak duration. Residual pneumothorax after a planned 
chest tube removal was not counted as PAL for the 
purpose of this study.

The following data were collected:

(1) Patient’s demographics;
(2) Underlying lung condition as defined in the sup-

plementary file (Supplementary Appendix A);

For the purpose of this study, bulla(e) regardless of 
underlying lung disease was defined as: Bulla(e) 
reported by radiologists to be present on the same 
side as the pneumothorax on CT thorax, HRCT or 
chest X-ray taken before the pneumothorax episode, 
and bulla(e) reported to be the reason for the pneu-
mothorax during thoracic surgical procedure(s).

(1) Patient’s co-morbidities and Charlson Co- 
morbidity Index

(2) Data of the index admission including: i) Initial 
pneumothorax size; ii) History of prior pneu-
mothorax and laterality; iii) Loculation in the 
pneumothorax; iv) Data related to PAL occur-
rence including date of onset and date of resolu-
tion; v) Serum albumin level closest to onset of 
pneumothorax; vi) Hospitalization duration; vii) 
All-cause mortality and pneumothorax-related 
mortality during the same hospitalization; viii) 
Any form of treatment for PAL including 

medical (Talc/minocycline) or surgical pleurod-
esis and ix) initial pneumothorax size measured 
using the Collin’s method [17] as follows:

Percentage of pneumothorax = 4.2 + [4.7 × (A + B + C)], 
where:

A: Maximum apical inter-pleural distance
B: Inter-pleural distance at the midpoint of the 

upper half of the lung
C: Inter-pleural distance at the midpoint of the 

lower half of the lung
Differentiation between a large (>2 cm between 

chest wall and lung margin) from small pneumothorax 
(<2 cm between chest wall and lung margin) was also 
estimated according to the BTS guideline [16].

5) Two-year clinical outcomes including recurrent 
pneumothorax and pneumothorax-related mortality 
(defined as death due to tension pneumothorax) fol-
lowing discharge from the index admission.

The primary objective was to evaluate the prevalence 
and risk factors of PAL among our SSP patients. 
Secondary objectives included evaluation of the effect 
of PAL on 1) hospitalization duration, all-cause mor-
tality and pneumothorax-related mortality during the 
index episode; and 2) 2-year risks of recurrent pneu-
mothorax and pneumothorax-related mortality post- 
discharge.

Statistical analysis

Descriptive statistics were used to summarize the base-
line patient demographic characteristics. Comparison 
of continuous variables was performed using Student’s 
T-test/ANOVA or Mann-Whitney/Kruskal Wallis test 
as appropriate. Categorical variables between groups 
were compared by the Chi-square test or Fisher’s 
exact test as appropriate. Missing data would be 
handled by mean imputation if necessary.

Multiple logistic regression analysis was used to 
assess the risk factors of PAL. Sample size estimation 
was based on the formula N(sample size) > 50 + 8 × 
(number of independent variables) [18]. Following 
initial univariate correlation, possible risk factors with 
P value <0.2 were recruited into the multiple logistic 
regression analysis, in which P value of <0.05 was 
considered to be statistically significant. Hosmer & 
Lemeshow test and C statistic were used to assess the 
quality of the results of logistic regression.

Cox regression analysis was used to evaluate the 
effect of PAL on recurrent pneumothorax in 2 years. 
Factors that show P value <0.2 in initial univariate 
analysis and important potential confounding factors 
(e.g. pleurodesis treatment) were recruited into the Cox 
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regression analysis. P value of <0.05 was considered to 
be statistically significant. Results were calculated using 
the computer software Statistical Package for Social 
Sciences (SPSS, Version 22, for Windows).

Result

Data collection was complete apart from one missing 
data, being the reasons for patients not receiving 

pleurodesis in 40/87 patients as reflected in Figure 1, 
and imputation was therefore not necessary. Of 750 
patients suffering from pneumothorax in the 10-year 
period, 570 met the exclusion criteria (Figure 1 and 
Appendix Table A). The medical records of the 
remaining 180 SSP patients were retrieved for analysis. 
Of these, 157 (87.2%) were male. Mean age was 63.6  
years, mean air leak duration was 10.4 days (median 5  
days; IQR 2.0–12.8 days) (Appendix Figure B), and air 

Pneumothorax recurrence 
rate

11/70 (15.7%)

Died in two years: 26/70
All-cause Mortality rate: 37.1%

Lost to follow up: 
5 (7.1%)

Clinical outcome in two years

750 patients screened

Exclusion
570 patients excluded

(Primary pneumothorax: 206
Trauma/iatrogenic: 156

No chest drain insertion: 14
Mechanical ventilation: 82

Trapped lung: 24
Uncertain underlying lung disease: 62

Others: 26)

180 patients included for analysis
146 (81.1%) PAL>2 days
78 (43.3%) PAL>7 days

Medical pleurodesis
group

67/180 (37.2%)

Died during SSP admission: 5
All-cause Mortality rate: 7.5%

No pleurodesis
87/180 (48.3%)

Died during SSP admission: 17
All-cause Mortality rate: 19.5%

Reason of not receiving
pleurodesis:

Patient refusal 9/87 
(10.3%)

Active pneumonia 38/87 
(43.7%)

Unknown 40/87 (46.0%)

All-cause mortality: 22/180 (12.2%)
Discharged 158/180 (87.8%)

Surgical pleurodesis
group

26/180 (14.4%)

Died during SSP admission: 0
All-cause Mortality rate: 0%

Pneumothorax recurrence 
rate 

5/26 (19.2%)

Died in two years: 0/26
All-cause Mortality rate: 0%

Lost to follow up: 
10/26 (38.5%)

Pneumothorax recurrence 
rate

19/62 (30.6%)

Died in two years: 20/62
All-cause Mortality rate: 32.3%

Lost to follow up: 
5/62 (8.1%)

Pleurodesis

Figure 1. Flowchart on patients excluded and those included for analysis.
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leak resolution occurred within 14 days in 77.8%. The 
mean pneumothorax size as measured by Collin’s 
method was 40.2%. Prior pneumothorax was diagnosed 
in 29.4% (53/180 patients), of whom 21.1% (38/180) 
had ipsilateral recurrence.

Baseline characteristics of included patients and 
prevalence of PAL

The prevalence of PAL >2 days and that for PAL >7  
days were 81.1% (146/180) and 43.3% (78/180) respec-
tively. COPD (35.0%) and bulla (27.2%) were the most 
frequent underlying respiratory conditions, while 
28.9% had more than one such condition (Table 1). 
Baseline characteristics of patients with and without 
PAL are shown in Table 2.

Chronic Obstructive Pulmonary Disease; ILD: 
Interstitial Lung Disease; PTB: Pulmonary Tuberculosis;

BTS: British Thoracic Society).
*Among 49 patients who had bullae, 15/49 (30.6%) had 

coexisting COPD, 6/49 (12.2%) had prior PTB, 2/49 (4.1%) 
had bronchiectasis and 1/49 (2%) had asthma, while the 
other 25/49 (51%) had no underlying lung disease.

Risk factors of PAL

Potential predictors for PAL >2 days with P value <0.2 
identified in the univariate analysis and included in the 
multiple logistic regression analysis were: Ex-smoker, 
bulla, asthma, initial pneumothorax size (%), large 

pneumothorax as defined by the BTS guideline and 
history of ipsilateral pneumothorax. The regression 
model did not identify any risk factors of PAL >2  
days. (Table 3 and Appendix Table E)

Potential predictors for PAL >7 days with P value 
<0.2 identified in the univariate analysis and included 
in the multiple logistic regression analysis were: Bulla, 
lung tumour, large pneumothorax as defined by the 
BTS guideline, previous ipsilateral pneumothorax and 
albumin (g/L). The presence of bulla was found to be 
independently associated with PAL >7 days (OR: 2.32; 
P: 0.027) while albumin level was negatively associated 
(OR 0.94; P: 0.028) (Hosmer and Lemeshow test: Chi- 

Table 1. Frequency of underlying lung condition in 180 sec-
ondary spontaneous pneumothorax (SSP) patients.

Underlying lung condition Frequency Percentage

COPD 63 35.0%
Bulla 49 27.2%
Prior PTB 37 20.6%
Pneumonia 26 14.4%
Interstitial lung disease 11 6.1%
Primary Lung tumour 14 7.8%
Asthma 14 7.8%
Bronchiectasis 11 6.1%
Secondary Lung tumour 7 3.9%
Active PTB 4 2.2%
Total number of lung condition 236
Average lung condition per patient 1.31 (236/ 

180)
Number of patients with one underlying lung 

condition
128

Number of patients with more than one 
underlying lung condition

52 
(28.9%)

COPD: Chronic obstructive lung disease; PTB: Pulmonary Tuberculosis. 

Table 2. Baseline characteristics of patients with or without persistent air leak.

Baseline Characteristics
All patients 

(n=180)

No PAL 
(<2 days) 

(n=34)

PAL 
(>2 days) 
(n=146) P value

PAL 
(<7 days) 
(n= 102)

PAL 
(>7 days) 

(n=78) P value

Age (years) 63.6 ±19.8 66.5±20.0 62.9±19.8 0.333 64.1±19,1 62.9±20.8 0.704
Gender (Male) 157 (87.2%) 28 (82.4%) 129 (88.4%) 0.345 89 (87.3%) 68 (87.2%) 0.988

Smoking status
Active 37 (20.6%) 9 (26.5%) 28 (19.2%) 0.343 21 (20.6%) 16 (20.5%) 0.990
Ex-smoker 83 (46.1%) 12 (35.3%) 71 (48.6%) 0.160 48 (47.1%) 35 (44.9%) 0.771
Non-smoker 60 (33.3%) 13 (38.2%) 47 (32.2%) 0.501 33 (32.4%) 27 (34.6%) 0.750

Lung conditions 
(52 patients have more than one condition)

COPD 63 (35%) 11 (32.4%) 52 (35.6%) 0.719 39 (38.2%) 24 (30.8%) 0.298
Bulla* 49 (27.2%) 6 (17.6%) 43 (29.5%) 0.164 22 (21.6%) 27 (34.6%) 0.051
Asthma 14 (7.8%) 6 (17.6%) 8 (5.5%) 0.017 10 (9.8%) 4 (5.1%) 0.277
Lung tumour 21 (11.7%) 5 (14.7%) 16 (11.0%) 0.540 16 (15.7%) 5 (6.4%) 0.055
ILD 11 (6.1%) 0 (0.0%) 11 (7.5%) 0.128 5 (4.9%) 6 (7.7%) 0.535
Bronchiectasis 11 (6.1%) 1 (2.9%) 10 (6.8%) 0.693 8 (7.8%) 3 (3.8%) 0.354
Prior PTB 37 (20.6%) 6 (17.6%) 31 (21.2%) 0.641 21 (20.6%) 16 (20.5%) 0.990
Active PTB 4 (2.2%) 0 (0.0%) 4 (2.7%) 1.000 1 (1.0%) 3 (3.8%) 0.318
Pneumonia 26 (14.4%) 7 (20.6%) 19 (13.0%) 0.258 13 (12.7%) 13 (16.7%) 0.458
More than one underlying lung condition 52 (28.9%) 7 (20.6%) 45 (30.8%) 0.236 31 (30.4%) 21 (26.9%) 0.611

Other variables
Initial Pneumothorax size (%) 40.2±23.7 34.2±27.8 41.6±22.5 0.099 38.5±24.7 42.3±22.3 0.299
Large pneumothorax as defined by BTS guideline 82 (45.6%) 12 (35.3%) 70 (47.9%) 0.182 41 (40.2%) 41 (52.6%) 0.099
History of ipsilateral pneumothorax 38 (21.1%) 4 (11.8%) 34 (23.3%) 0.166 26 (25.5%) 12 (15.4%) 0.100
Loculation 41 (22.8%) 9 (26.5%) 32 (21.9%) 0.569 26 (25.5%) 15 (19.2%) 0.321
Albumin (g/L) 36.7±6.3 37.2±4.5 36.5±6.7 0.615 37.3±4.8 35.8±7.8 0.131

(Data are presented as mean± SD or number (percentage) unless otherwise specified. COPD. 

4 H.-S. CHENG ET AL.



square: 4.82, P: 0.776) (C statistics: AUC: 0.64; 95% 
CI: 0.56–0.72; P: 0.001) (Figure 2, Table 3 and 
Appendix Table G).

Clinical outcome and long-term pneumothorax 
recurrence risks

Compared to patients without PAL, those with PAL had 
longer hospitalization in the index pneumothorax episode 
(No PAL: 7.5 days; PAL 2–6 days: 10.5 days; PAL >7 days: 
25.5 days; P: <0.01) but there were no statistically 

significant differences in all-cause or pneumothorax- 
related mortality between the two groups (Appendix 
Table H).

Ninety-three PAL patients (93/180; 51.7%) were treated 
with either medical (67/93; 72.0%) or surgical pleurodesis 
(26/93; 28.0%) in the index episode (Appendix Table I). 
The median time from pneumothorax onset to pleurodesis 
was 8 days (IQR: 4.3–19.5) in the medical group and 13.5  
days (IQR: 8.0–19.3) in the surgical group. In the medical 
pleurodesis group with PAL >7 days (n = 27), 77.8% (21/ 
27) were considered unfit for surgery.

Table 3. Logistic regression for risk factors on PAL >2 days and >7 days (SE: standard error; df: degree of freedom; OR: odds ratio: CI: 
confidence interval).
Multiple logistic regression analysis on risk factors of PAL >2 days

Variables Regression Coefficient SE Wald df OR 95% CI P value

Ex-smoker −0.61 0.42 2.10 1 0.55 0.24–1.24 0.148
Bulla 0.43 0.51 0.73 1 1.54 0.57–4.16 0.394
Asthma 1.11 0.63 3.08 1 3.03 0.88–10.43 0.079
Initial pneumothorax size (%) 0.02 0.12 1.51 1 1.02 0.99–1.04 0.219
Large pneumothorax as defined by BTS guideline 0.15 0.49 0.10 1 1.17 0.44–3.06 0.756
History of ipsilateral pneumothorax 0.87 0.59 2.20 1 2.39 0.76–7.52 0.138

Multiple logistic regression analysis on risk factors of PAL >7 days
Bulla 0.84 0.38 4.91 1 2.32 1.10–4.87 0.027
Albumin (g/L) −0.06 0.03 4.83 1 0.94 0.89–0.99 0.028
Lung tumour 0.92 0.56 2.76 1 2.52 0.85–7.46 0.096
History of ipsilateral pneumothorax 0.65 0.41 2.55 1 1.91 0.86–4.24 0.111
Large pneumothorax as defined by BTS −0.46 0.32 2.04 1 0.64 0.34–1.18 0.153

Figure 2. Receiver operator characteristics (ROC) curve (Green line) of logistic regression model of risk factors on PAL > 7 days. Area 
under curve (AUC): 0.64; 95% CI: 0.56–0.72; P: 0.001.
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Outcomes of the index episode included: 22/180 died 
(mean age: 75.4 ± 2.8 years) and 158/180 (87.8%) (mean 
age: 61.9 ± 20.1) were discharged from hospital. Common 
causes of death were pneumonia (81.8%) and malignancy 
(13.6%). Cox regression analysis after adjustment of cov-
ariates including treatment with pleurodesis showed that 
PAL >7 days resulted in a higher rate of pneumothorax 
recurrence at 3 months (HR: 2.65; P: 0.041), 1 year (HR: 
2.50; P: 0.040) and 2 years (HR: 2.40; P: 0.029) (Table 4; 
Appendix Table J – Table O), but did not confer significant 
differences in pneumothorax-related mortality (PAL 1.6% 
vs non-PAL 0%; P: 1.000) in 2 years. A single 87-year-old 
male COPD patients treated with medical pleurodesis died 
of tension pneumothorax one-month post-discharge.

A total of 88 patients treated with pleurodesis were 
discharged from the index episode. Medical pleurodesis- 
treated patients were significantly older (71.1 vs 33.6  
years; P < 0.01) than those who had surgical pleurodesis, 
and more likely to have more than one respiratory 
condition (38.8% vs 15.4%; P: 0.048) as well as 
a higher co-morbidity score (Appendix Table I). The 
unadjusted 2-year pneumothorax recurrence rates, 
which did not show statistical significance, were 30.6% 
(medical group), 19.2% (surgical group) and 15.7% (No- 
pleurodesis) respectively (Appendix Table P). After 
adjustment of covariates, medical pleurodesis was asso-
ciated with lower recurrence rate two-year post- 
discharge (HR: 0.47; P: 0.044) (Appendix Table O).

Discussion

Pneumothorax commonly affects patients with under-
lying lung condition and SSP is known to be a risk 
factor of PAL >2 days [4,7]. Since SSP patients are 

older, have more co-morbidities [7,19], and higher 
operative risks [20] compared with PSP patients, eva-
luation of PAL risk factors and long-term outcome 
could enable the correct selection of treatment modal-
ities for PAL, which could also prevent pneumothorax 
recurrence.

Risk factor of PAL

Our study showed that bulla was associated with PAL >7  
days and albumin level was negatively associated. Because 
49% of the bullae had ruptured during surgical pleurod-
esis, size measurement was not feasible for evaluation of 
its relationship with PAL. While a study of 492 post- 
pulmonary surgery patients had correlated bullae dia-
meter with PAL >7 days (OR 1.261; P: <0.001) [21], 
a 2013 Japanese study of a mixed group of 333 PSP and 
108 SSP patients did not find any association between the 
presence of blebs and need for invasive treatment (P: 
0.09), nor did it study its correlation with air leak dura-
tion [15]. Based on our findings, early definitive treat-
ment for PAL may be considered in the presence of 
bulla(e) and hypoalbuminemia.

Despite its high accuracy, it is impractical to apply 
CT-scan enabled three-dimensional volume measure-
ment of pneumothorax size in the real-world situation 
[16,22]. Of the different chest X-ray methods proposed 
to estimate the pneumothorax size [23–26], Collin’s 
method, a mathematical equation based on volumetric 
measurement of pneumothorax size by helical CT scan, 
demonstrated a good correlation with the estimated 
percentage pneumothorax size on an erect postero- 
anterior chest radiography (r = 0.98, P: <0.0001) [17]. 
Previous studies on the relationship between PAL and 

Table 4. Cox regression analysis of the effect of PAL on recurrent pneumothorax in 3 months, 1 year and two-year post discharge 
(SE: standard error; df: degree of freedom; HR: hazard ratio: CI: confidence interval; PAL: persistent air leak).
Effect of PAL three months post-discharge

Variables Regression Coefficient SE Wald df HR 95% CI P value

PAL >7 days 0.97 0.48 4.18 1 2.65 1.04–6.74 0.041
ILD −0.55 0.64 0.75 1 0.57 0.16–2.01 0.385
Medical pleurodesis −0.83 0.45 3.48 1 0.44 0.18–1.04 0.062
Surgical pleurodesis −0.41 0.69 0.36 1 0.66 0.17–2.57 0.551

Effect of PAL one year post-discharge
PAL >7days 0.92 0.45 4.21 1 2.50 1.04–5.98 0.040
Bronchiectasis −0.64 0.54 1.41 1 0.53 0.18–1.52 0.234
Pneumonia 1.09 1.03 1.12 1 2.97 0.40–22.22 0.290
Medical pleurodesis −0.77 0.42 3.43 1 0.46 0.21–1.05 0.064
Surgical pleurodesis −0.49 0.62 0.61 1 0.62 0.18–2.09 0.436

Effect of PAL two years post-discharge
PAL>7 days 0.88 0.40 4.80 1 2.40 1.10–5.26 0.029
Surgical pleurodesis −0.63 0.56 1.27 1 0.53 0.18–1.59 0.260
Medical pleurodesis −0.77 0.38 4.04 1 0.47 0.22–0.98 0.044
Bronchiectasis −0.55 0.54 1.07 1 0.58 0.20–1.64 0.301
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initial pneumothorax size [4,7,14] was limited by inac-
curate size measurement and small sample size [4,7,14]. 
More recently, a Japanese study found that interpleural 
distance predicted PAL for over 72 h in PSP patients 
using three different methods: Interpleural distance at 
the hilum according to the BTS guideline, apex-cupola 
distance of the ACCP guideline, and the Light’s index 
calculated from the ratio of the diameter of the col-
lapsed lung to that of the hemithorax [14]. In contrast 
to previous studies [14], initial pneumothorax size as 
measured by Collin’s method was not found to have 
a significant impact on PAL prevalence in our study.

Recurrence risk of PAL

Similar to previous studies [5–8], our study found that 
PAL prolonged hospitalization during the index episode. 
Few studies evaluated the effect of PAL on pneumothorax 
recurrence rate [14]. After adjustment of covariates in our 
study, PAL >7 days was found to increase pneumothorax 
recurrence risks in our patients two-year post-discharge. 
Since patients with pneumothorax secondary to trauma, 
iatrogenic cause, and mechanical ventilation had been 
excluded, underlying respiratory conditions with abnor-
mal lung parenchyma likely affected the healing process 
after pneumothorax occurred, as reflected by the presence 
of PAL and higher rates of recurrence.

Pneumothorax treatment for prevention of 
recurrence in SSP patients

Early recognition of PAL followed by prompt treat-
ment, through surgical referral by 48-h post- 
admission, has been reported to be beneficial in pre-
vention of pneumothorax recurrence [16], and delayed 
referral may reduce the success rate of video-assisted 
thoracoscopic surgery (VATS) [27]. Although surgical 
pleurodesis is the recommended definitive treatment 
[16], only a few studies evaluated the effectiveness of 
surgery among SSP patients [20,28,29]. Recurrence 
rates of 9.3% to 12.5% have been reported among 
those aged 66.8–70 years, in contrast to much lower 
rates (Video assisted surgery: 5.4%; open surgery 
1.1%) among mixed younger PSP and SSP patients 
averaging 20–50 years old [30]. The safety and efficacy 
of surgical pleurodesis need to be considered in older 
SSP patients with multiple comorbidities. A study 
reported post-operative morbidity and mortality rates 
among 94 such patients to be 20.6% and 4.1%, with 
poor performance status, old age, significant emphyse-
matous change on preoperative CT thorax and pul-
monary fibrosis identified as risk factors for 
pneumothorax recurrence at a rate of 9.3%, being 

nearly double that for PSP patients post-surgical pleur-
odesis [20]. While another single-centre retrospective 
study found low post-surgical pleurodesis recurrence 
rate of 4.8% in 104 elderly (aged >70 years) PSP patients 
with either massive air leak or bullae or failed medical 
pleurodesis, poor performance status was also corre-
lated with higher risks of post-operative complication 
[31]. Nearly 80% of our patients who had PAL >7 days 
and treated with medical pleurodesis had been consid-
ered unfit for surgery. Of all our medical pleurodesis 
patients (Mean age: 71.1 years, median Charlson co- 
morbidity index: 4) who were spared from postopera-
tive morbidity and mortality risks, 70% did not have 
recurrence in 2 years (HR: 0.47; P: 0.044). Based on the 
limited data on surgical pleurodesis efficacy in older 
SSP patients with multiple comorbidities, our experi-
ence suggests that medical pleurodesis may be 
a reasonable choice of treatment to prevent pneu-
mothorax recurrence.

Strength and limitation

There are several limitations in this study. Firstly, this 
is a single-centre retrospective study. Secondly, the 
original study of the Collin’s method required erect 
chest X-ray films [17] but there was no control on 
our patients’ positions when they had their chest 
X-rays taken. Thirdly, the timing of definitive treat-
ment with pleurodesis was not controlled and surgical 
referral might be delayed because of institutional (e.g. 
availability of thoracic surgery service on site) and 
patient factors (e.g. time required to optimize medical 
condition).

The strengths of this study include the following: 
The initial pneumothorax size was more accurately 
measured than in previous studies. This is one of the 
few studies that defined underlying lung conditions in 
detail to investigate their effects on air leak duration. 
Only SSP patients were studied and the sample size is 
large enough to reflect real-world practice in managing 
unselected SSP patients.

Conclusion

In our study of non-surgical SSP patients, PAL was sig-
nificantly associated with the presence of bulla and sub-
optimal nutritional status as reflected by serum albumin 
level, prolonged hospitalization, and predicted higher 
2-year pneumothorax recurrence rates. Early recognition 
of PAL risk factors and timely institution of appropriate 
treatment may improve patient outcome. Elderly SSP 
patients unfit for surgery had acceptable recurrence rate 
after medical pleurodesis. In view of the preponderance of 
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these characteristics among SSP patients in general, the 
optimal method of pleurodesis should be evaluated in 
future studies.
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