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1. INTRODUCTION
Primary spontaneous pneumothorax (PSP) is defined as sponta-
neous pneumothorax (SP) without underlying disease or second-
ary cause.1 There are two peaks of incidence for SP, namely, in 
the younger (15-34 years) and older (55+ years) age groups.2 
Although treatment success is easy to achieve, the high recur-
rence rate remains a difficult clinical problem.

There is a lower incidence of PSP in the pediatric population 
than in the adult population (2.68-3.41 per 100  000 children 
vs 18-28 per 100  000 men and 1.2-6 per 100  000 women).3,4 
However, the recurrence rate among children is higher than that 
among the adults (50%-61% vs 30%).5–8 Thus, seeking an ade-
quate management strategy to reduce the high recurrence rate of 
PSP in the pediatric population is an urgent and important issue.

Initially, some studies tried to apply primary pleurodesis in 
patients who only underwent tube thoracotomy to prevent 
recurrence.9,10 Subsequently, pleurodesis was successfully per-
formed during thoracoscopic operation for PSP in order to 
reduce the likelihood of recurrence in comparison to conven-
tional open surgery.11,12 Pleurodesis has been proven as a safe 
and effective procedure to reduce the recurrence of SP regardless 
of the chemical or surgical methods in the adult population.12–19 
However, there are only few studies on pleurodesis focusing on 
the pediatric population.20 Consequently, whether or not per-
forming pleurodesis on pediatric patients to reduce the incidence 
of recurrence becomes a frequently asked clinical question.

The aim of the present study was to investigate which fac-
tors or treatments, particularly pleurodesis, can reduce the recur-
rence of PSP or the need for further surgical intervention in the 
pediatric population. We conducted a cohort study with the use 
of a nationwide population-based database in Taiwan in 2010, 
and hospitalization cases were divided into the pleurodesis and 
control (nonpleurodesis) groups to determine any differences in 
clinical outcomes, particularly the incidence of recurrence.

2. METHODS

2.1. Data source
Since 1999, the Taiwan National Health Insurance Research 
Database (NHIRD) has been providing the claims data in an 
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Abstract
Background: Primary spontaneous pneumothorax (PSP) has a high rate of recurrence, and pleurodesis has been shown to 
decrease the rate of recurrence in adult PSP. For pediatric PSP patients, there are only a few case series available and evidence 
on the benefits of pleurodesis is insufficient. This study aimed to analyze the outcome of pleurodesis among pediatric PSP patients 
via a nationwide population-based cohort in Taiwan.
Methods: The hospitalization data from the pediatric intensive care sampling file of the National Health Insurance Research 
Database from January 1 to December 31, 2010, were retrieved and analyzed. Children aged 0-18 years with a discharge diag-
nosis of PSP (ICD-9: 512, 512.0, and 512.8) were enrolled in the study. Demographic data, management strategies, and clinical 
outcomes were recorded and analyzed as well.
Results: A total of 1005 hospitalization cases were identified and divided into the pleurodesis (409 hospitalizations) and non-
pleurodesis (596 hospitalizations) groups. In the univariate analysis, thoracoscopic surgery for PSP decreased the incidence of 
recurrence (hazard ratio [HR], 0.46; 95% CI, 0.32-0.67) and the need for further surgical intervention (HR, 0.29; 95% CI, 0.18-
0.47); however, conventional open surgery did not. A lesser incidence of PSP recurrence (HR, 0.53; 95% CI, 0.37-0.78) and fewer 
subsequent surgical interventions (HR, 0.32; 95% CI, 0.20-0.52) were found in the pleurodesis group in comparison with the 
nonpleurodesis group. A multivariate Cox regression analysis revealed that pleurodesis was the only significant factor capable of 
decreasing the incidence of PSP recurrence (HR, 0.57; 95% CI, 0.38-0.86) and the need for further surgical intervention (HR, 0.40; 
95% CI, 0.23-0.69).
Conclusion: Pleurodesis reduces the rate of recurrence and the need for further surgical intervention in pediatric PSP. It may be 
considered as the method of choice for the management of PSP in children.
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electronic form containing the demographic and medical infor-
mation of insured residents after deidentification and encryp-
tion. Several reports on children’s disease utilizing data from 
Taiwan’s NHIRD have been published.21–24 We used the special 
request sampling files that consisted of the total population of 
patients in 2010 who were ever admitted to the pediatric inten-
sive care unit (ICU) since birth. The study was approved by the 
Institutional Review Board of Taipei Veterans General Hospital 
(VGHIRB No. 2012-06-017A).

2.2. Study population
Hospitalized patients aged 3 months to 18 years with a discharge 
diagnosis of SP (International Classification of Diseases, Ninth 
Revision [ICD-9]: 512, 512.0, or 512.8) in 2010 were included 
in the study. Patients with invasive or noninvasive ventilator use 
(reimbursement code: 57001B, 57002B, 57023B, or 57029C); 
intubation (reimbursement code: 47031C); tracheostomy (reim-
bursement code: 56003C, 56004C, 56022C, 66006B); respira-
tory failure (ICD-9: 518.81, 518.83, 518.84, or 518.85); related 
diagnoses of secondary pneumothorax such as neoplasm (ICD-
9: 140-239), tuberculosis (ICD-9: 011-), asthma (ICD-9: 493-), 
Pneumocystis jirovecii pneumonia (ICD-9: 136.3), lung abscess 
(ICD-9: 513.0), Marfan syndrome (ICD-9: 759.82), Ehlers-
Danlos syndrome (ICD-9: 756.83), polymyositis (ICD-9: 710.4), 
dermatomyositis (ICD-9: 710.3), foreign body aspiration (ICD-
9: 934-), secondary SP (ICD-9: 512.82), or sarcoidosis (ICD-9: 
135); and those with a disposition code of referral without fur-
ther hospitalization data were excluded from the study. We also 
combined the data of hospitalizations wherein the admission 
date is within 1 day after the date of previous discharge.

The information on each hospitalization, including five lead-
ing diagnoses coded using ICD-9 diagnostic codes, patient’s age 
and sex, clinician’s specialty of admission and discharge, days 
of hospitalization and ICU stay, region and level of the hospi-
tal, management strategies, time to recurrence, time to subse-
quent surgery for pneumothorax, and days of oxygen use, was 
recorded. The management strategies included thoracocente-
sis (procedure code 29012B), tube thoracotomy (procedure 
code 56010B), open or thoracoscopic surgery for pneumotho-
rax, pleurodesis, and intrapleural minocycline use (ATC code 
J01AA08). Recurrence is defined as readmission due to pneu-
mothorax 7 days after the date of previous discharge.1,25 The 
intervals between the pneumothorax event in 2010 and the 
next hospitalization due to pneumothorax were compared in 
our study. Pleurodesis comprises surgical pleurodesis or medical 
pleurodesis by minocycline. Open or thoracoscopic surgery for 
pneumothorax consists of the following: lung segmental resec-
tion (procedure code 67010B), open or thoracoscopic wedge 
partial resection (procedure codes 67011B, 67051B), open or 
thoracoscopic lobectomy (procedure codes 67023B, 67050B), 
bilobectomy (procedure code 67042B), open or thoracoscopic 
pneumonectomy (procedure codes 67024B, 67049B), and open 
or thoracoscopic pleurodesis (procedure codes 67034B, 67048B). 
The specialties of the clinicians are further divided into pediatric 
and nonpediatric specialties as well as surgical and nonsurgi-
cal specialties. The region of the hospital is determined accord-
ing to the region of the insurance bureau (see Supplementary 
Appendix).

2.3. Statistical analysis
The software Microsoft® SQL Server® 2008 R2 was used for 
retrieving datasets from NHIRD. Microsoft Office Excel 2016 
(Microsoft Corporation, Redmond, Washington, WA) and SPSS 
version 19.0 (SPSS Inc., Chicago, IL) were used for data analy-
sis. Continuous variables are presented as mean with SDs and 
nominal variables as frequencies with associated percentages. 
For two-group comparisons, the two-sample independent t-test 
for continuous variables and chi-square test for nominal vari-
ables were used. For comparing two sample proportions, the 

two-sample z-test was used. The Kaplan-Meier method was 
utilized to estimate the overall PSP recurrence and the need for 
further surgical intervention. The log-rank test was performed 
to determine the difference in PSP recurrence and the need for 
further surgical intervention between the two patient groups. 
Univariate and multivariate Cox regression analyses were con-
ducted, and the results were presented in terms of hazard ratio 
(HR) with a 95% CI. Univariate factors with a p value of <0.05 
were included in the multivariate Cox regression calculation. 
Univariate factors that highly correlated with pleurodesis (r > 
0.8) were excluded in the multivariate Cox regression analysis 
in order to avoid collinearity. A p value of <0.05 was considered 
significant, and all the tests were two tailed. Graphs were made 
using Stata 12.0 (StataCorp LLC, College Station, TX).

3. RESULTS

3.1. Demographic data of hospitalizations due to PSP
A total of 1005 hospitalization data were retrieved from the 
datasets of 2010. The median age (interquartile range [IQR]) 
was 16.9 (1.8) years, mainly adolescent age. An extremely male 
predominance was revealed (male:female = 12.8:1). Nearly 
50% of the hospitalizations were admitted for and discharged 
from thoracic surgery. Pediatric cases accounted for one-sixth 
of the hospitalizations, being the second most common hos-
pitalized patient group. The duration of the hospitalizations 
was mostly within a week (5.6 ± 2.0 days) with an extremely 
short ICU stay (0.3 ± 1.0 days). Most of the hospitalizations 
were at medical centers (47.1%), followed by regional hospi-
tals (42.4%). Slightly <50% of the hospitalizations involved the 
operation for pneumothorax (46.1%), which mostly consisted 
of thoracoscopic surgery (44.5%). A short and variable duration 
of oxygen use was noted (2.35 ± 2.69 days). Around 40% of 
hospitalization cases had pleurodesis, and 11% had intrapleural 
minocycline use. Tube thoracotomy was performed for 70% of 
hospitalizations, and nearly 5% of hospitalizations had thora-
cocentesis. The recurrence rate of hospitalization was 13.4%, 
and 10.4% of hospitalizations had a subsequent operation for 
pneumothorax during follow-up (Table 1).

3.2. Comparisons between the pleurodesis and 
nonpleurodesis groups
We further divided hospitalization cases into the pleurodesis 
(409 hospitalizations) and nonpleurodesis (596 hospitalizations) 
groups. The patients in the pleurodesis group were older than 
those in the nonpleurodesis group (median [IQR], 16.7 [1.6] vs 
16.4 [1.6] years, p = 0.043), and both showed adolescent pre-
dominance without differences in sex. The discharge special-
ties were significantly different between the groups, showing a 
greater application of pleurodesis in surgery-related specialties, 
particularly thoracic surgery, than in nonsurgical specialties 
(p < 0.001). The duration of hospitalization was longer in the 
pleurodesis group (pleurodesis vs nonpleurodesis, 7.1 ± 3.9 vs 
4.6 ± 4.0, p < 0.001). There was a greater application of pleu-
rodesis in medical centers (pleurodesis vs nonpleurodesis, 51.3% 
vs 44.1%, p = 0.025) than in other hospital levels. More pleu-
rodesis procedures were performed in the southern region (pleu-
rodesis vs nonpleurodesis, 15.4% vs 9.9%, p = 0.011) than in 
the northern region (pleurodesis vs nonpleurodesis, 13.4% vs 
19.5%, p = 0.009), whereas there was no difference between 
these two groups in other regions. There is a large difference 
in the operation for pneumothorax between the groups in that 
more operations were performed in the pleurodesis group, spe-
cifically thoracoscopic operations (pleurodesis vs nonpleurode-
sis, 96.1% vs 9.1%, p < 0.001). Intrapleural minocycline was 
used in 26.7% of hospitalizations in the pleurodesis group. 
More tube thoracotomy (pleurodesis vs nonpleurodesis, 95.4% 
vs 53.0%, p < 0.001) and less thoracocentesis procedures (pleu-
rodesis vs non-pleurodesis, 2.0% vs 6.7%, p = 0.001) were 
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noted in the pleurodesis group. More hospitalizations associ-
ated with emphysematous bleb were observed in the pleurodesis 
group (pleurodesis vs non-pleurodesis, 7.8% vs 1.0%, p < 0.001; 
Tables 1 and 2).

Within 1 year, 97 (16.3%) hospitalization cases had recur-
rence in the nonpleurodesis group, whereas 38 (9.3%) had 
recurrence in the pleurodesis group (p = 0.001). Furthermore, 
85 (14.3%) cases required surgical intervention for pneumotho-
rax in the nonpleurodesis group compared with 20 (4.9%) cases 
in the pleurodesis group (p < 0.001). Using the Kaplan-Meier 
curve, less PSP recurrence (log-rank test, p = 0.001) and less need 
for subsequent surgery (log-rank test, p < 0.001) were found in 
the pleurodesis group (Fig. 1).

3.3. Analysis of risk factors for the recurrence of 
pneumothorax
Using the univariate Cox regression analysis, some factors were 
found to significantly influence the recurrence of PSP. A dis-
charge specialty of thoracic surgery had a trend of less recur-
rence (HR, 0.70; 95% CI, 0.50-0.99). There was no difference 
in time to recurrence between surgical specialties and nonsurgi-
cal specialties or between pediatric specialties and nonpediatric 
specialties. There was a higher incidence of recurrence in East 
Taiwan (HR, 2.86; 95% CI, 1.10-7.43). A tremendously lesser 
incidence of recurrence was observed when a patient under-
went thoracoscopic operation (HR, 0.46; 95% CI, 0.32-0.67) 
for pneumothorax compared with patients who had not under-
gone surgical intervention; however, undergoing nonthoraco-
scopic operation for pneumothorax had no beneficial effect on 
recurrence. Pleurodesis significantly reduced the incidence of 
recurrence (HR, 0.53; 95% CI, 0.37-0.78), but there was no 
difference with regard to intrapleural minocycline use. No dif-
ferences in recurrence were noted among the different hospital 

levels, including local hospitals, regional hospitals, and medical 
centers. Undergoing tube thoracotomy or thoracocentesis did 
not affect the recurrence of PSP. Moreover, the duration of hos-
pitalization, ICU stay, or oxygen use had no influence on recur-
rence. The presence of emphysematous bleb did not affect PSP 
recurrence as well (Table 3).

In the multivariate Cox regression model, we included factors 
such as age, sex, thoracic surgery as discharge specialty, regions 
of hospitals, and pleurodesis. We did not include operation 
for pneumothorax due to its high correlation with pleurodesis  
(r > 0.8). Only pleurodesis remained a significant factor reducing 
the recurrence of PSP after multivariate analysis (adjusted HR, 
0.57; 95% CI, 0.38-0.86).

3.4. Analysis of risk factors for proceeding to surgery for 
pneumothorax
Through the univariate Cox regression analysis, several factors 
were identified that significantly influenced the need for further 
surgical intervention after PSP diagnosis. Longer hospitalization 
contributed to less surgery in the following period (HR, 0.91; 
95% CI, 0.85-0.97). Thoracoscopic operation for pneumo-
thorax reduced the possibility of further surgical intervention 
(HR, 0.29; 95% CI, 0.18-0.47), but not the open surgery for 
PSP. Pleurodesis also prolonged the time to next surgery (HR, 
0.32; 95% CI, 0.20-0.52) and so did intrapleural minocycline 
use (HR, 0.24; 95% CI, 0.08-0.75). There is no difference with 
regard to age, sex, specialty of discharge, duration of ICU stay 
and oxygen use, hospital level, region of the hospital, thoraco-
centesis, tube thoracotomy, or the presence of emphysematous 
bleb (Table 4).

In the multivariate Cox regression model, we selected the fol-
lowing factors: age, sex, hospitalization day, intrapleural mino-
cycline use, and pleurodesis. We did not include thoracoscopic 

Table 1 

Demographic data of patients receiving pleurodesis or not

Nonpleurodesis (n = 596) Pleurodesis (n = 409) pa Total

Ageb 16.8 (1.8) 17 (1.6) 0.043 16.9 (1.8)
  Infant (3 mo to 1 y) 3 (0.5%) 0 (0%) 0.15 3 (0.3%)
  Children (1-12 y) 12 (2.0%) 0 (0%) 0.004 12 (1.2%)
  Adolescent (12-18 y) 581 (97.5%) 409 (100%) 0.001 990 (98.5%)
Gender   0.5  
  Male 550 (92.3%) 382 (93.4%)  932 (92.7%)
  Female 46 (7.7%) 27 (6.6%)  73 (7.3%)
Discharge specialty   <0.001  
  Pediatric surgery 14 (2.3%) 27 (6.6%) 0.002 41 (4.1%)
  Pulmonology 105 (17.6%) 10 (2.4%) <0.001 115 (11.4%)
  Thoracic surgery 199 (33.4%) 306 (74.8%) <0.001 505 (50.2%)
  Pediatrics 150 (25.2%) 19 (4.6%) <0.001 169 (16.8%)
  Surgery 72 (12.4%) 26 (6.4%) 0.001 100 (10%)
Total hospital day 4.6 ± 4.02 7.06 ± 3.88 <0.001 5.60 ± 2.00
ICU day 0.27 ± 0.97 0.23 ± 0.95 0.57 0.25 ± 0.96
Hospital level   0.08  
  Local hospital 67 (11.2%) 39 (9.5%) 0.382 106 (10.5%)
  Regional hospital 266 (44.6%) 160 (39.1%) 0.082 426 (42.4%)
  Medical center 263 (44.1%) 210 (51.3%) 0.025 473 (47.1%)
Region of the hospitalc   0.008  
  Middle 133 (22.3%) 99 (24.2%) 0.485 232 (23.1%)
  North 116 (19.5%) 55 (13.4%) 0.009 171 (17%)
  Taipei 194 (32.6%) 141 (34.5%) 0.531 335 (33.3%)
  East 15 (2.5%) 4 (1%) 0.064 19 (1.9%)
  South 59 (9.9%) 63 (15.4%) 0.011 122 (12.1%)
  Kaohsiung/Pingtung 79 (13.3%) 47 (11.5%) 0.392 126 (12.5%)
  Emphysematous bleb 6 (1%) 32 (7.8%) <0.001 38 (3.8%)

Data are presented as mean ± SD in continuous variables and number (ratio) in nominal variables, except age.
ICU = intensive care unit.
aCompare between pleurodesis group and nonpleurodesis group.
bData are presented as median (interquartile range), and p value was compared between pleurodesis and nonpleurodesis groups via Mann-Whitney U test.
cThe region of the hospital is defined by the region of the insurance bureau and divisions.
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operation for pneumothorax, due to its high correlation to pleu-
rodesis. Only pleurodesis significantly reduced the possibility of 
further surgical intervention after multivariate analysis (adjusted 
HR, 0.40; 95% CI, 0.23-0.69).

4. DISCUSSION
This study is one of the large nationwide database analyses on 
the management of PSP in the pediatric population. We analyzed 

the hospitalizations due to PSP in 2010 among patients under 
the age of 19 years who were admitted to the ICU, comprising 
mostly adolescents with an extremely male predominance simi-
lar to previous epidemiology reports and reviews.1,8,26–28 Our first 
major finding is that pleurodesis can not only decrease the recur-
rence of PSP but also reduce the need for further surgical inter-
vention. Additionally, the thoracoscopic operation for PSP can 
reduce recurrence and the need for subsequent surgery, but not 
the nonthoracoscopic operation for PSP. The recurrence of PSP 
or the need for subsequent surgery will not be affected whether 
emphysematous blebs or bullae are detected or not. Moreover, 
hospitalizations to the surgical versus nonsurgical team or pedi-
atric versus nonpediatric team showed no difference in PSP 
recurrence or the need for further surgical intervention.

For decades, to prevent the high recurrence rate of PSP, cli-
nicians developed several management methods varying from 
oxygen inhalation, simple aspiration, and closed-tube drainage 
to invasive strategies. Pleurodesis emerged as one of the prom-
ising methods. Since the 1980s, a randomized trial comparing 
simple aspiration, tube drainage with talc pleurodesis, and tube 
drainage with tetracycline pleurodesis showed that adjunctive 
pleurodesis groups had less recurrence rates than simple drain-
age groups.9 Chemical pleurodesis alone, a less invasive method 
for decreasing PSP recurrence, had become an alternative treat-
ment to surgery and can even be conveniently performed in an 
outpatient setting. Although chemical pleurodesis reduced the 
recurrence rate compared with tube thoracotomy only, the inci-
dence of recurrence was still higher than that among patients 
who underwent surgery.10 Moreover, a randomized controlled 
study by Chen et al.18 demonstrated that simple aspiration and 
drainage followed by minocycline pleurodesis is a safer and 
more effective treatment than simple aspiration and drainage 
alone. A German retrospective study showed that video-assisted 
thoracoscopic surgery (VATS) with additional mechanical pleu-
rodesis decreased the recurrence rate compared with VATS alone 
and had no additional disadvantages and worsening postopera-
tive symptoms reported.12 Due to the fact that pleurodesis is 
less effective than surgery in reducing recurrence, it remained 
only as an adjunctive therapy for pneumothorax among adult 
patients.12–14,16,19,29 However, a Korean study showed that the 
recurrence rate after wedge resection in patients aged ≤16 years 
was much higher than that in older patients, which meant that 
surgery was less effective in preventing recurrence in the pediat-
ric group than in adults.8 Consequently, the only retrospective 
pediatric study on pleurodesis we could find was that by Bialas 
et al.20 who concluded that VATS with blebectomy plus chemi-
cal pleurodesis appeared to have a low risk of ipsilateral recur-
rence among patients aged 13 to 20 years. Nevertheless, neither 
the British Thoracic Society nor the American College of Chest 
Physicians guideline had recommendations about pleurodesis, 
especially for pediatric patients.30,31 Our study confirmed the 

Table 2

Treatment and outcome of patients receiving pleurodesis or not

Nonpleurodesis (n = 596) Pleurodesis (n = 409) pa Total

Thoracoscopic surgery   <0.001  
  No operation 537 (90.1%) 8 (2%) <0.001 545 (54.2%)
  Thoracoscopic operation 54 (9.1%) 393 (96.1%) <0.001 447 (44.5%)
  Not thoracoscopic operation 5 (0.8%) 8 (2%) 0.126 13 (1.3%)
Oxygen day 2.36 ± 2.56 2.34 ± 2.86 0.93 2.35 ± 2.69
Intrapleural minocycline use 0 (0%) 109 (26.7%) <0.001 109 (10.8%)
Thoracocentesis 40 (6.7%) 8 (2%) 0.001 48 (4.8%)
Tube thoracotomy 316 (53%) 390 (95.4%) <0.001 706 (70.2%)
Next recurrence 97 (16.3%) 38 (9.3%) 0.001 135 (13.4%)
Next surgery 85 (14.3%) 20 (4.9%) <0.001 105 (10.4%)
Recurrence-free day 311.2 ± 5.6 339.2 ± 5.5 0.001 159.1 ± 104.4
Surgery-free day 318.7 ± 5.3 356.2 ± 4.1 <0.001 162.3 ± 104.4

Data are presented as mean ± SD in continuous variables and number (ratio) in nominal variable.
aCompare between pleurodesis group and nonpleurodesis group.

Fig. 1  A, Kaplan-Meier curves of free from pneumothorax recurrence in the 
pleurodesis vs nonpleurodesis group. Overall = 365 d. B, Kaplan-Meier curves 
of free from surgery for primary spontaneous pneumothorax in the pleurodesis 
vs nonpleurodesis group. Overall = 365 d. HR = hazard ratio.
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importance of pleurodesis in decreasing PSP recurrence rate and 
the need for subsequent operation in pediatric patients.

In the past decades, open thoracotomy with pleurectomy was 
the mainstay of treatment for PSP. As conventional operation is 
highly invasive, VATS pleurectomy was developed and became 
the most common and definite treatment for PSP in adults. 
However, open thoracotomy with pleurectomy remains the pro-
cedure with the lowest recurrence rate according to the consen-
sus and the recent guideline for adults.30,31 Moreover, Barker et 
al.32 gathered randomized controlled trial data in adult patients 
for analysis and concluded that thoracoscopic surgery with pleu-
rodesis had a four times higher recurrence rate than the open 
procedure. However, Vohra et al.33 conducted a meta-analysis 
demonstrating that VATS pleurectomy resulted in shorter hos-
pital stay, less analgesic requirements, decreased postoperative 
pulmonary dysfunction, and a similar recurrence rate compared 
to open pleurectomy. Although there exist several studies among 
the adult population, there are only a few pediatric studies 
comparing the effect of pleurectomy between VATS and open 
thoracotomy. In our study, thoracoscopic operation for pneu-
mothorax reduced the incidence of recurrence and the need for 
subsequent surgery significantly, but conventional open surgery 
did not. Notably, this is the first study demonstrating that VATS 
operation had superior results in terms of recurrence in com-
parison with open surgery in the pediatric population. Thus, if 
surgical treatment is indicated, we suggest thoracoscopic surgery 
instead of open surgery.

For years, surgeons have been searching for a strong and 
reliable predictor of PSP recurrence, which can be used as an 
indication for primary VATS pleurectomy although surgery is 
recommended only when PSP recurs or air leak persists after 
tube thoracotomy according to the guideline.1,30,31 Blebs and bul-
lae frequently occur in patients with SP.34 On computed tomo-
graphic (CT) images, they are termed as emphysema-like changes 
(ELCs). In adults, several studies showed that ELCs detected by 
CT or thoracotomy have no predictive value on pneumothorax 
recurrence, except one study that revealed increased ipsilateral 
recurrence or contralateral PSP.5,9,34–36 We demonstrated that 
emphysematous blebs have no significant influence on recur-
rence and reoperation in pediatric patients.

There is no difference in PSP recurrence and further need for 
PSP surgery between different regions or different hospital lev-
els in our study. Although almost 50% of the hospitalizations 
occurred in medical centers in the northern part of Taiwan, the 
recurrence rate and subsequent surgical rate did not correlate to 
the volume of patients. Even though there is quite a small vol-
ume of patients in the eastern part of Taiwan (1.9%) and in local 
hospitals (10.5%), there is no significant difference in clinical 
outcome by multivariate Cox regression analysis, indicating that 
pediatric PSP can be treated adequately at every hospital level 
and region in Taiwan.

Although this study is one of the largest pediatric PSP stud-
ies and also one of the nationwide population-based studies 
exclusively focusing on the pediatric population, there are a 

Table 3

Univariate and multivariate Cox regression analysis for recurrence

Univariate Multivariate

Variable HR (95% CI) p HR (95% CI) p

Age 0.98 (0.91-1.05) 0.502 0.99 (0.92-1.06) 0.690
Gender(male vs female) 1.58 (0.74-3.38) 0.240 1.71 (0.78-3.73) 0.177
Discharge specialty     
  Pulmonology 1.08 (0.63-1.84) 0.789   
  Thoracic surgery 0.70 (0.50-0.99) 0.042 0.95 (0.30-2.98) 0.930
  Pediatrics 1.03 (0.66-1.60) 0.891   
  Pediatric surgery 1.48 (0.73-3.03) 0.279   
  Surgery 1.34 (0.80-2.22) 0.263   
  Nonsurgery vs surgery 1.13 (0.79-1.63) 0.496   
  Pediatric vs nonpediatric 1.13 (0.76-1.69) 0.534   
Total hospitalization day 0.95 (0.90-1.00) 0.057   
ICU day 0.96 (0.79-1.16) 0.685   
Hospital level     
  Medical center 1    
  Local hospital 1.07 (0.61-1.87) 0.825   
  Regional hospital 1.02 (0.71-1.46) 0.917   
Region of the hospital     
  Kaohsiung/Pingtung 1  1  
  North 0.87 (0.43-1.76) 0.696 0.73 (0.36-1.50) 0.394
  Taipei 1.40 (0.77-2.52) 0.270 1.42 (0.78-2.56) 0.250
  Middle 1.06 (0.56-2.01) 0.860 1.01 (0.53-1.93) 0.977
  East 2.86 (1.10-7.43) 0.032 2.20 (0.83-5.83) 0.114
  South 1.38 (0.69-2.75) 0.363 1.63 (0.81-3.29) 0.175
Thoracoscopic surgerya     
  No operation 1    
  Thoracoscopic operation 0.46 (0.32-0.67) <0.001   
  Not thoracoscopic operation 0.35 (0.05-2.54) 0.302   
Oxygen day 0.96 (0.90-1.03) 0.220   
Intrapleural minocycline useb 0.51 (0.25-1.05) 0.067   
Pleurodesisb 0.53 (0.37-0.78) 0.001 0.57 (0.38-0.86) 0.008
Thoracocentesisb 0.72 (0.29-1.75) 0.462   
Tube thoracotomyb 0.89 (0.62-1.29) 0.546   
Emphysematous blebc 0.91 (0.37-2.23) 0.844   

HR = hazard ratio; ICU = intensive care unit.
aIn multivariate model, pleurodesis had high correlation to operation for pneumothorax (r > 0.8). Only pleurodesis remained a significant factor after multivariate analysis (p = 0.008).
bUse vs not use.
cPresented vs not presented.
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few limitations to be acknowledged. First, we used a selected 
NHIRD database that consisted of the total patient population 
aged <19 years in 2010, who were admitted to the pediatric ICU. 
Selection bias, however, cannot be avoided. Moreover, the insur-
ance database does not provide the results of diagnostic exams. 
Diagnosis codes were our only diagnostic criteria for pneu-
mothorax. To avoid overdiagnosis of pneumothorax from the 
outpatient department and emergency room, we analyzed hos-
pitalized patient data exclusively. This may also result in under-
estimation of the actual incidence and recurrence rate. Second, 
most of the follow-up periods were <1 year. A short follow-up 
period resulted in a lower recurrence rate compared with other 
studies. Lastly, there is a large difference in the demographic data 
between the pleurodesis and control groups. This is a retrospec-
tive study, so we used multivariate Cox regression analysis to 
adjust for baseline differences.

In conclusion, this study demonstrated that pleurodesis 
decreases the recurrence rate and the need for subsequent surgi-
cal intervention among pediatric patients with PSP. Thus, pleu-
rodesis may be considered as an adjunctive therapy to standard 
treatment for pediatric PSP.
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