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Introduction

Primary spontaneous pneumothorax (PSP) is a common 
disease with a relatively high recurrence rate, and cases 
of severe PSP are rare. In particular, young healthy men 
with no apparent underlying pulmonary disease suffer 

from PSP. Video-assisted thoracoscopic surgery (VATS) 
bullectomy is an acceptable treatment for cases of recurrent 
PSP (1-3). However, it has recently been suggested that 
younger patients have a higher postoperative recurrence 
(21.9–27.9%) of pneumothorax than older patients, even 
if the same procedures for prevention of the postoperative 
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recurrence are performed (4-7). Bulla neogenesis is 
thought to be the main reason for postoperative recurrence  
(8-10). In addition, it was reported that young patients aged 
<20 years frequently developed bulla neogenesis regardless 
of surgical treatment (11). These results may reflect a 
relationship between frequent postoperative recurrence and 
bulla neogenesis for young patients with PSP. 

Although there are guidelines for the management of 
PSP (1,2) based on various conditions, such as radiological 
findings or air leakage, there are no guidelines for the 
age-related management of PSP. The aim of this study 
was to identify the factors that can prevent postoperative 
recurrence of PSP in young individuals. We retrospectively 
evaluated the factors preventing postoperative recurrences 
including bulla neogenesis, in patients aged <25 years who 
underwent VATS bullectomy.

Methods

A total of 144 consecutive patients with PSP aged <25 years 
who underwent first VATS procedure in our hospital were 
enrolled between April 2009 and December 2018. The 
exclusion criterion was the unavailability of high-resolution 
computed tomography (HRCT) data for the preoperative 
or postoperative investigation. After exclusion, 92 patients 
were enrolled (Figure 1). Factors preventing postoperative 
recurrence were retrospectively evaluated using the 
Kaplan-Meier method and Cox regression analysis. Factors 
preventing postoperative recurrence were as follows: 
gender, body mass index (BMI), smoking habit, history of 
contralateral PSP, family history, and bulla neogenesis. 

Patients underwent VATS according to PSP management 
guidelines because of the following indications: ipsilateral 
recurrence of PSP, a prolonged air leak after chest tube 
drainage, bilateral pneumothorax, and patient wishes 

(1,2). Persistent air leak was defined as air leak for a period 
of over 7 days. As previously described (12), the patient 
was placed in a lateral position under general anesthesia 
with the ventilation of one lung. The target lesions were 
determined based on preoperative computed tomographic 
and intraoperative thoracoscopic findings, including an air 
leak test under 20 cmH2O of pressure using sterile, distilled 
water. The target lesions, including the bulla and thickened 
pleura, were resected with a sufficient margin, using 45-mm 
cartridge autosutures, and no residual lesions were identified 
intraoperatively. The staple line was reinforced with 
regenerated oxidized cellulose and/or fibrin glue, depending 
on the situation. The choice of procedure (single-port or 
multi-port VATS) was made based on surgical difficulties 
which were affected by the number or site of lesions and 
extent of intrathoracic adhesion.

Preoperative HRCT was performed to detect the 
location of the lesions, and postoperative HRCT was 
performed to determine the presence of bulla neogenesis 
or PSP recurrence after 12 postoperative months, even 
in asymptomatic patients. Patients who had symptoms 
visited our institution without any hesitation, and HRCT 
was performed, as necessary. Bulla neogenesis was defined 
as the development or increase of the contralateral bulla 
against the ipsilateral VATS side based on changes in the 
preoperative and postoperative HRCT images (Figure 2). 
The follow-up period for evaluation of bulla neogenesis 
was defined as the time between the preoperative and 
postoperative HRCT evaluation. In cases of persistent 
increase of the bulla on postoperative HRCT at several 
time points, the period of the follow-up that revealed the 
first appearance or increase of the bulla was defined as the 
follow-up period.

Postoperative recurrence was defined as ipsilateral lung 
collapse on chest radiography or HRCT after postoperative 
day 29, regardless of treatment necessity. The follow-up 
period of surgery was defined as the period between the date 
of operation and the date of censor or recurrence. Censor 
was defined as the date of the final visit for patients without 
recurrences. The date of recurrence was defined as the date 
of the first postoperative recurrence. The postoperative 
recurrence rate for each variable was calculated as the 
number of recurrences per objects. According to the Japan 
Clinical Oncology Group’s postoperative complication 
criteria based on the Clavien-Dindo classification, morbidity 
or mortality for our procedures was evaluated (13). The 
definition of severe morbidity was adverse events that 
corresponded to grade IIIB or more in our previous reports 

Patients aged <25 years underwent first VATS for PSP
n=144

Exclusion
Data not available (n=0)

Not followed-up by HRCT (n=52)Eligible n=92

Analysis of the factors preventing 
postoperative recurrence

Figure 1 Characteristics of patients enrolled in the study. HRCT, 
high-resolution computed tomography; PSP, primary spontaneous 
pneumothorax; VATS, video-assisted thoracoscopic surgery.
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(7,10-12). The postoperative complication was defined as 
ipsilateral lung collapse within 28 postoperative days.

For statistical analyses, continuous variables were 
presented as mean ± standard deviation or median with 
range. Univariate analysis of the postoperative recurrence 
rate of PSP was estimated based on the Kaplan-Meier 
method and was compared using the log-rank test. For time-
dependent factors such as contralateral bulla neogenesis, the 
Cox regression analysis was used for the univariate analysis. 
Multivariable analysis of the postoperative recurrence rate 
of PSP was evaluated according to Cox regression analysis 
using all factors by stepwise method. The validity of the 
model was estimated by the likelihood ratio test, Wald test, 
and score test. A P value of <0.05 was considered statistically 
significant. The hazard ratio and 95% confidence intervals 
(CI) were applied to analyze the preventing factors for 
postoperative recurrence. The data were analyzed using the 
statistical software EZR package (http://www.jichi.ac.jp/
saitama-sct/SaitamaHP.files/statmed.html). 

The Institutional Review Board of Takasago Municipal 
Hospital approved this study (No. 2018-11), and we 

obtained informed consent from each patient by optout.

Results

The mean age was 18.4±2.5 years, with male predominance 
(n=84, 91.3%) (Table 1). The mean BMI was 18.8±1.8  
(Table 1). A smoking habit was present in 12 patients  
(13.0%) (Table 1). The median number of pre- and 
postoperative contralateral bullae was 1 [0–13] and 2 [0–11], 
respectively. Thirty-one patients had bulla neogenesis 
(33.7%). The median follow-up period for the evaluation of 
bulla neogenesis was 409 days (Table 1). The median follow-
up period for the evaluation of postoperative recurrence was 
401.5 days (Table 1). The main indications for surgery were 
ipsilateral recurrence (n=45, 48.9%), prolonged air leakage 
(n=20, 21.7%), patient request (n=16, 17.4%), bilateral 
pneumothorax (n=6, 6.5%), and others (n=5, 5.4%).

According to the univariate analysis, two factors including 
BMI ≥18.0 and no bulla neogenesis significantly reduced 
postoperative recurrence (Table 2). Based on Cox regression 
analysis using all factors by stepwise method, BMI ≥18.0 

Figure 2 Definition of bulla neogenesis based on high-resolution computed tomography (yellow allows shows bullae). (A) Appearance of 
new bulla; (B) increase in bulla.

A

B
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and no bulla neogenesis were significant factors preventing 
postoperative recurrence [P=0.018; hazard ratio: 0.41 (95% 
CI: 0.195–0.861) and P=0.0046; hazard ratio: 0.25 (95% CI: 
0.096–0.651), respectively] (likelihood ratio test: P=0.0043; 
Wald test: P=0.0029; score test: P=0.018) (Table 3). For 
two factors, an assumption of the proportional hazards was 
confirmed. No severe morbidity or mortality was found.

Discussion

Until recently, surgical treatment for PSP has been 
thought to have a lower recurrence rate (1.3–16.5%)  
(1-3,4-6) than conservative therapies (29.2–54.2%) (14,15). 
Therefore, surgical treatment such as VATS bullectomy 
has been considered an acceptable treatment for patients 

with recurrent PSP (1-3). However, it has recently been 
revealed that younger patients had a higher postoperative 
recurrence rate than elderly patients, even if underwent the 
same procedures intraoperatively (4-7). Nakayama et al. 
described that younger patients had high recurrence rate 
after VATS bullectomy with an absorbable polyglycolic acid 
sheet. Younger patients aged <23 years had a significantly 
lower 5-year postoperative recurrence-free probability 
than those aged ≥23 years (78.1% vs. 93.8%) (4). Huang 
et al. performed a multivariable analysis and demonstrated 
that younger age was affected to a significant postoperative 
recurrence after VATS bullectomy with mechanical or 
chemical pleurodesis (5). Noh et al. showed that younger 
patients aged ≤16 years had high recurrence rate after 
a wedge resection than in elderly patients, significantly. 

Table 1 Clinical characteristics of PSP patients who underwent VATS

Variables Clinical characteristics (n=92)

Age (years) 18.4±2.5

Male, n (%) 84 (91.3)

BMI 18.8±1.8

Smoking history (present), n (%) 12 (13.0)

History of contralateral PSP (present), n (%) 11 (12.0)

Family history (present), n (%) 15 (16.3)

Number of preoperative bullae, median [range] 1 [0–13]

Number of postoperative bullae, median [range] 2 [0–11]

Bulla neogenesis, n (%) 31 (33.7)

Postoperative recurrence, n (%) 30 (32.6)

Follow-up period of bulla neogenesis (days), median [range] 409 [2–3,166]

Follow-up period of postoperative recurrence (days), median [range] 401.5 [16–3,339]

BMI, body mass index; PSP, primary spontaneous pneumothorax; VATS, video-assisted thoracoscopic surgery.

Table 2 Univariate analysis to assess factors preventing postoperative recurrence in PSP patients 

Variables Postoperative recurrence rate (%) P values

Gender (male vs. female) 34.5 vs. 12.5 0.49

BMI (<18 vs. ≥18) 45.5 vs. 25.4 0.036

Smoking habit (absent vs. present) 35.0 vs. 16.7 0.096

History of contralateral PSP (absent vs. present) 33.3 vs. 27.3 0.93

Family history (absent vs. present) 33.8 vs. 26.7 0.56

Bulla neogenesis (absent vs. present) 21.3 vs. 54.8 0.013

BMI, body mass index; PSP, primary spontaneous pneumothorax.
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However, there was no difference in the recurrence rates 
after observation or closed thoracostomy, regardless of 
age (45.7–51.9%) (6). In our previous study, we reported 
that young patients aged <25 years who underwent VATS 
bullectomy with pleural coating using 50% glucose 
solution had a significant postoperative recurrence factor 
in univariate analysis (7). The current study has adopted 
an age cut-off of 25 years, similar to the aforementioned 
reports (4-7). 

Bulla neogenesis is thought to be the main reason for 
postoperative recurrence (8-10). Muramatsu et al. reported 
that the new bulla formation was the most common 
recurrence factor after VATS bullectomy alone for  
PSP (8). Cho et al. observed that the most common 
reason for recurrent PSP after VATS was the formation 
of a bulla on the previous staple line, followed by a 
new bulla formation in a location other than the staple  
line (9). In our previous study, younger patients aged <25 
exhibited a higher tendency for detection of postoperative 
bulla neogenesis  on the staple l ine using HRCT,  
significantly (10). In addition, we reported that bulla 
neogenesis had a significantly higher prevalence rate in 
patients aged <20 years than in patients aged ≥20 years 
(44.8% vs. 8.2%) using univariate, multivariable, and 
propensity score analyses for 155 patients with PSP as 
the natural history (11). These results (8-11) may show a 
relationship between frequent postoperative recurrence 
and bulla neogenesis in young patients with PSP. However, 
it is difficult to precisely evaluate bulla neogenesis of the 
ipsilateral side using pre- or postoperative HRCT due to 
various changes such as lung collapse, surgical procedures, 
and adhesion. Therefore, in this study, the contralateral 
lung, which had not altered because of lung collapse or 
operation was investigated. We hypothesized that the 
ipsilateral and contralateral lung have the same trend for 
bulla neogenesis. We thought that HRCT findings of 
contralateral lung bulla neogenesis could predict ipsilateral 
lung bulla neogenesis and postoperative recurrence for 
young patients with PSP. Therefore, we considered 
contralateral bulla neogenesis, which was observed 
on HRCT for approximately 1 year (median follow-

up duration: 409 days), as one of the factors preventing 
postoperative recurrence. In fact, our study showed that 
no contralateral bulla neogenesis is a factor preventing 
postoperative recurrence for patients with PSP. 

O u r  s t u d y  s h o w e d  t h a t  B M I  ≥1 8  w a s  a l s o  a 
significant factor preventing postoperative recurrence.  
Tan et al. reported an association between BMI and PSP 
recurrence (16). They found low BMI to be a significant 
predictor [hazard ratio: 3.668 (95% CI: 1.632–7.145), 
P<0.001] of PSP recurrence among 273 patients on 
multivariable analysis. They provided several possible 
explanations for this association, such as unbalanced physical 
development, deficiency in α1-antitrypsin, and abnormal 
bone mineral density. Additionally, Onuki et al. described 
that a history of contralateral PSP was a significant risk 
factor for postoperative recurrence in patients aged  
≤20 years using univariate analysis (17). They evaluated 66 
cases, 36 (54.5%) of which had been followed-up for only 
1 year. We did not obtain the same result, which may be 
explained by the small number of cases and relatively short 
period of follow-up in the study by Onuki et al. (17). 

Our study has some limitations. We performed a 
retrospective study with a small sample size; therefore, a 
prospective study with a large sample size may be required 
for the management of young patients with recurrent 
PSP. Although we described that surgical treatment may 
be considered in young patients aged <25 years with 
BMI ≥18 and no bulla neogenesis who had a recurrence 
after the first conservative therapy, no direct comparison 
between the recurrence rates after surgery and after second 
conservative therapy was performed in this study. The 
recurrence rate after the first conservative therapy has been 
reported in patients with PSP (14,15); however, there have 
been no reports regarding the recurrence rate after the 
second conservative therapy, especially in young patients. 
For future studies, it would be beneficial to compare the 
recurrence rates after surgery and after second conservative 
therapy in young patients.

In conclusion, although young patients generally have a 
high rate of postoperative recurrence of PSP, the patients 
aged <25 years with BMI ≥18 and no contralateral bulla 

Table 3 Cox regression analysis to assess factors preventing postoperative recurrence in PSP patients

Variable HR 95% CI P value

BMI ≥18 0.41 0.195–0.861 0.018

Bulla neogenesis present 0.25 0.096–0.651 0.0046

CI, confidence interval; HR, hazard ration; PSP, primary spontaneous pneumothorax.
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neogenesis have a significantly lower rate of postoperative 
recurrence rate.
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