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Background: Although recurrence is included in surgical indications, there is no definitive guideline for 
managing recurrent spontaneous pneumothorax (SP) according to characteristics of recurrence, such as the 
type [primary SP (PSP) or secondary SP (SSP)] and recurrence-free interval (RFI). Actually, some patients 
with early cessation of air leak after closed thoracostomy tubes, a long RFI, or medical comorbidities are 
often managed conservatively without surgery. However, the validity of this management is unclear. The 
aims of the present study are to analyze treatment outcomes for recurrent SP according to the type of SP and 
RFI, and to check the validity of conservative treatment for patients according to type of SP and RFI.
Methods: We included 1,250 consecutive cases (624 right sided and 626 left side cases for the first episode) 
who were hospitalized and treated from January 2012 to June 2018. To investigate recurrence according 
to treatment modality (surgical or conservative treatment), we estimated RFI in each group during the 
observation period. RFI was measured from the completion of treatment to recurrence or last follow-up. We 
divided patients into two groups [the early (EG) and the late (LG) recurrence group] according to 1-year. 
Recurrence was defined as a subsequent episode of an ipsilateral SP, while a contralateral SP was regarded 
as an independent case in the present study. RFI between subgroups was compared using the Kaplan-Meier 
method with the log-rank test. A P value less than 0.05 (two-sided) was regarded as statistically significant. 
Results: Recurrence occurred in 47 cases after surgical intervention for the first episode (585 cases). 
Recurrence occurred in 265 cases after conservative treatment for the first episode of SP (665 cases). For 
the first episode, the surgical group (SG) had a significantly longer RFI than the conservative group (CG), 
regardless of the type (both, P<0.001). Conservative treatment and surgical intervention for the second 
episode after conservative treatment for the first episode were performed in 98 and 167 cases, respectively. 
For the second episode after conservative treatment for the first episode, SG also had a significantly longer 
RFI than CG, regardless of the types (PSP P<0.001, SSP P=0.031). To check the validity of conservative 
treatment for patients with a long RFI, we analyzed recurrence by dividing patients into two groups 
according to one-year RFI. For PSP, the early recurrence group (EG, RFI ≤1 year) had 99 cases and the late 
recurrent group (LG, RFI >1 year) had 67 cases. SG had a significantly longer RFI than CG in both EG and 
LG (EG, P<0.001 and LG, P=0.001). In addition, for SSP, there were 67 cases of EG and 32 cases of LG, SG 
had significantly longer RFIs than CG in EG (P=0.007). However, there was no significant difference in RFI 
between SG and CG in LG (P=0.748).
Conclusions: The present study revealed diversity of management outcomes according to characteristics 
of recurrence and provides some evidences of the validity of conservative treatment in recurrent SSP with a 
long RFI. Further large-scale prospective randomized trials are required to validate these findings.
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Introduction

Primary spontaneous pneumothorax (PSP) is defined as a 
pneumothorax that occurs in patients without significant 
underlying lung disease and an apparent cause (1,2). 
Secondary spontaneous pneumothorax (SSP) is defined 
as a pneumothorax that occurs in patients with existing 
lung disease, such as chronic obstructive lung disease 
(COPD) or pulmonary tuberculosis (1-4). The goals of 
treatment for spontaneous pneumothorax (SP) are to fully 
expand the lung by evacuating air in the pleural space 
and to prevent recurrence (5-7). Management for SP 
includes observation, oxygen inhalation, aspiration, closed 
thoracostomy with or without pleurodesis, and surgery, 
which are differently applied depending on characteristics 
of SP, patient condition, and doctors (physicians vs. 
surgeons) (1,8). According to the American College of 
Chest Physicians (ACCP) and the British Thoracic Society 
(BTS) guidelines, the surgical indications for SP include a 
persistent air leak, contralateral or bilateral pneumothorax, 
hemopneumothorax, patients at high risk for occupational 
reasons, and recurrent episodes (9-12). However, there 
are substantial discrepancies in management and clinical 
practice when treating SP (3,9-11). 

Recurrence is the most important issue for SP with a 
recurrence rate of up to 30% (1,9,10). Most recurrences 
occur during the first 6 months to 2 years after the first 
episode (1,4,13). Although recurrence is included in surgical 
indications, there is no definitive guideline for managing 
recurrent SP according to characteristics of recurrence such 
as the type [primary SP (PSP) or secondary SP (SSP)] and 
recurrence-free interval (RFI). In other words, it remains 
unclear whether treatment outcomes differ between early 
and late recurrence of SP (4,10,11,14). Patients with late 
recurrence or early cessation of air leak are often managed 
conservatively without surgical intervention. In addition, 
surgical interventions for elderly patients with SSP are 
usually avoided if at all clinically possible because of 
many medical issues (3,4,11). However, there is currently 
no definitive evidence to guide the optimal treatment 
modality (conservative and surgical treatment) according 
to characteristics of SP and recurrence interval, and the 
validity of this management is unclear (6). The aims of 

the present study are to analyze treatment outcomes for 
recurrent SP according to the type of SP and RFI, and to 
check the validity of conservative treatment for patients 
with a long RFI.

Methods 

All consecutive patients who met criteria were included 
from January 2012 to June 2018. The medical records of all 
patients were retrospectively reviewed. Exclusion criteria 
for the present study included traumatic or iatrogenic 
pneumothorax, treatment-related death, catamenial 
pneumothorax, and any other obvious underlying diseases, 
such as lung or other primary cancer. Conservative 
treatment included oxygen inhalation and chest tube or 
pleurocatheter drainage with or without pleurodesis (14). 
We performed pleurodesis with autologous blood in patients 
with a prolonged air leak lasting more than five to seven 
days, regardless of treatment modality (14,15). Negative 
suction was usually applied for a persistent air leak lasting 
more than two days or collapsed lung (14-16). All surgical 
interventions were performed through video-assisted 
thoracoscopic surgery with or without pleurodesis. Surgical 
indications for patients with PSP generally followed the 
ACCP and BTS guidelines, and also included a prominent 
bulla on image studies. In addition, surgical intervention 
for SSP was usually avoided if at all clinically possible, due 
to its benign disease, our hospital policy, and the higher 
threshold for receiving surgery in our country, especially in 
elderly patients with medical comorbidities. However, when 
a prolonged air leak in SSP lasted more than two weeks 
and pleurodesis was not effective, surgical intervention was 
considered. Recurrence was defined as a subsequent episode 
of an ipsilateral SP, while a contralateral SP was regarded as 
an independent case (2). Surgical indications for recurrence 
cases were like those for the first episode. The patients were 
followed until December 2018.

Statistical consideration and study approval

The Student’s t-test was used to compare the groups with 
continuous variables. The Chi-squared test or the Fisher’s 
exact test was used to evaluate the associations between 
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the groups with categorical variables as appropriate. 
To investigate the outcomes according to treatment 
modality in each condition, we estimated RFI during 
the observation period. RFI was measured from the 
completion of treatment to recurrence or last follow-up. 
RFI between subgroups was compared using the Kaplan-
Meier method with the log-rank test. In addition, we 
divided patients into two groups [the early (EG) and the 
late (LG) recurrence group] according to one-year RFI and 
analyzed treatment outcomes according to one-year RFI. 
All statistical analyses were performed using the Statistical 
Package of Social Sciences version 22.0 (Chicago, IL, 
USA). A P value less than 0.05 (two-sided) was regarded as 
statistically significant. The present study was approved by 
the Institutional Review Board of Uijeoungbu St. Mary’s 

Hospital (IRB Approval number: UC17RESI0112). 

Results

Study subjects

We included 1,250 consecutive cases (624 right sided and 
626 left side cases for the first episode) hospitalized and 
treated conservatively or via surgical interventions January 
2012 to June 2018. There were 1,145 male and 105 female 
cases with a mean age of 36.7 (±21.8) years in the first 
episode group. There were cases 775 of PSP and 475 cases 
of SSP. Conservative management and surgical intervention 
for the first episode of SP were performed in 665 and 585 
cases, respectively. Recurrence occurred in 312 out of 1,250 
cases. For the second episode of SP, there was 284 male 
and 28 female cases with a mean age was 38.0 (±23.0) years. 
Conservative management and surgical intervention for 
the recurrent cases were performed in 130 and 182 cases, 
respectively. There was no mortality related to surgical 
intervention for SP in the first or the second episode. The 
mean observation period was 25.6 (±28.8) months. The 
overall clinical characteristics and classifications of the study 
subjects are summarized in Table 1 and Figure 1.

Recurrence (the second episode) after the first episode 
according to treatment modality and the type of SP

For the first episode of SP, conservative management and 
surgical intervention were performed in 665 and 585 cases, 
respectively. The surgical group (SG) had a significantly 
longer RFI than the conservative group (CG), regardless of 
the types of SP (both, P<0.001) (Figure 2).

Recurrence (the third episode) after the second episode 
according to treatment modality, the type of SP, and RFI

Recurrence occurred in 47 cases after surgical intervention 
for the first episode (585cases). Recurrence occurred in 265 
cases (166 PSP and 99 SSP) after conservative treatment 
for the first episode of SP (665 cases). For management for 
these 265 recurrent cases, conservative management and 
surgical intervention were performed in 98and 167 cases, 
respectively. We analyzed recurrence after management for 
the second episode after conservative treatment for the first 
episode of SP, according to treatment modality and the type 

Table 1 Overall clinical characteristics of the study subjects

Variables
The first episode  
[n or mean (±SD)]

The second episode  
[n or mean (±SD)]

PSP

Total 775 199

Age (year) 21.3±6.5 22.0±7.0

Sex (male) 730 187

Smoker 144 43

Surgical intervention 409 146

RFI

EG – 109

LG – 90

SSP

Total 475 113

Age (year) 61.8±12.9 66.3±11.1

Sex (male) 415 97

Smoker 252 60

Surgical intervention 176 36

RFI

EG – 73

LG – 40

PSP, primary spontaneous pneumothorax; SSP, secondary 
spontaneous pneumothorax; RFI, recurrence-free interval; EG, 
the early recurrent group; LG, the late recurrent group.
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of SP. SG had a significantly longer RFI than CG, regardless 
of the types (PSP P<0.001, SSP P=0.031) (Figure 3). In 
addition, to check the validity of conservative treatment 
for patients with a long RFI, we analyzed recurrence by 
dividing patients into two groups according to one-year 
RFI. For PSP, the early recurrence group (EG, RFI ≤1 year) 
had 99 cases and the late recurrent group (LG, RFI >1 year) 
had 67 cases. SG had a significantly longer RFI than CG in 
both EG and LG (EG, P<0.001 and LG, P=0.001) (Figure 4). 
In addition, for SSP, there were 67 cases of EG and 32 cases 

of LG., SG had significantly longer RFIs than CG in EG 
(P=0.007). However, there was no significant difference in 
RFI between SG and CG in LG (P=0.748) (Figure 5). 

Discussion

Recurrence is the most important issue for SP, with a 
recurrence rate up to about 30% (9,10). Most recurrences 
occur during the first six months to two years after the 
first episode (13). After the second episode of SP, the risk 

Figure 1 Flow diagram of the selection procedure of the subjects. SG, surgical group; CG, conservative group; NR, no recurrence; R, 
recurrence.

Figure 2 Recurrence (the second episode) after the first episode according to treatment modality and the type of SP. There was a significant 
difference in recurrence-free interval according to treatment modality for the first episode of spontaneous pneumothorax, regardless of the 
types. (A) Primary spontaneous pneumothorax; (B) secondary spontaneous pneumothorax. SP, spontaneous pneumothorax.
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of a subsequent episode increases up to 60% (10). Despite 
the ACCP and BTS guidelines for surgical intervention 
in SP, there are substantial discrepancies in management 
and in clinical practice for SP (3,9,10,12). Because clinical 
situations of SP, especially of SSP, are highly various and 
there have been few studies regarding the management of 
recurrent SP according to characteristics of recurrence, 
such as RFI, the optimal treatment approach for recurrent 
SP according to RFI remains unknown (9). Although the 

ACCP and the BTS guidelines for surgical intervention 
for SP include recurrence, we often treat patients with 
recurrent SP without surgical intervention, especially 
when PSP with a long RFI and no definitive visible bullae, 
early cessation of air leak via chest tubes, or SSP in elderly 
patients with medical comorbidities (3,10). However, 
we do not know whether conservative management for 
these situations promotes recurrence (17). In addition, 
characteristics of recurrence according to RFI remain 

Figure 3 Recurrence after management for the second episode when conservative treatment for the first episode of spontaneous 
pneumothorax. The surgical group had a significantly longer recurrence-free interval than the conservative group, regardless of the types. (A) 
Primary spontaneous pneumothorax; (B) secondary spontaneous pneumothorax. 

Figure 4 Recurrence after management for the second episode of primary spontaneous pneumothorax according to recurrence-free interval. 
The surgical group had a significantly longer RFI than the conservative group in both early recurrence group (EG, RFI ≤1 year) and the late 
recurrent group (LG, RFI >1 year) (EG, P<0.001 and LG, P=0.001). (A) EG; (B) LG. LG, late recurrent group; EG, early recurrence group; 
RFI, recurrence-free interval.
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Figure 5 Recurrence after management for the second episode of secondary spontaneous pneumothorax according to recurrence-free 
interval. The surgical group had significantly longer RFIs than the conservative group in the early group (EG, RFI ≤1 year) (P=0.007). 
However, there was no significant difference in RFI between the surgical and the conservative group in the late recurrent group (LG, RFI 
>1 year) (P=0.748). (A) EG; (B) LG. LG, late recurrent group; EG, early recurrence group; RFI, recurrence-free interval.

unclear, so it remains unclear whether managements should 
differ for the early vs. the late recurrence. Therefore, we 
investigated the outcomes of management for recurrent SP 
according to RFI when no surgical intervention for the first 
episode and examined the validity of conservative treatment 
for SP according to RFI.

As in many previous studies, surgical intervention for the 
first episode of SP showed better outcomes regardless of the 
types of SP (9,13). Surgical intervention for recurrent SP 
also led to better outcomes in both PSP and SSP. Although 
the overall RFI after surgical intervention for recurrent SP 
was longer than that of conservative treatment, management 
outcomes were different according to the types and the 
one-year RFI groups. Unlike PSP, surgical intervention 
for recurrent SSP showed a longer RFI only in the early 
recurrence cases, but did not show better results in the 
late recurrence cases compared to conservative treatment. 
The discrepancies in outcomes according to RFI can be 
attributed to wide heterogeneous clinical characteristics of 
SSP (2,13). The important point here is the characteristics 
of cases that received conservative treatment for recurrent 
SP. They were cases which had early cessation of air leak via 
chest tubes, PSP with no visible bullae and a long RFI, or 
SSP in elderly patients with medical comorbidities (7). Of 
course, surgical intervention was considered when a highly 
prolonged air leak and ineffective pleurodesis. Therefore, 
we attributed these findings to the assumption that 
conservative treatment for recurrent SSP with long RFIs 

can be clinically valid in terms of recurrence.
The present study has several limitations, including its 

retrospective single-center design, lack of ethnic diversity, 
nonrandomized, heterogeneous data, selection bias, and 
a small sample size. Because of conservative treatment for 
SSP per our hospital policy, non-standardized surgical 
intervention for SSP, the small number of cases, and data 
heterogeneity, the value of the present study findings might 
have been limited. Findings from the present study should 
be verified with large scaled, prospective, randomized 
studies to validate conservative treatment for recurrent 
SSP, especially with a long RFI. In addition, the present 
study showed that recurrence rate of surgical intervention 
for the first episode of SP was 8.03% which was relatively 
higher than standard recurrence rate after surgery for SP 
because a contralateral SP was regarded as an independent 
case, rate of smoking history was very high (27.7%), 
surgical indication included prominent bullae on image 
study, and many SSP cases were included. Of course, other 
parameters, such as morbidity and mortality, hospital days, 
duration of chest tube drainage, and economical cost should 
be considered to validate the treatment modality (9,18,19). 
However, the present study was performed with regard to 
SP recurrence. Health service accessibility is also important 
for the decision making. If patients do not have a good 
access to medical care, surgical approach may be preferred 
and the value of the present study findings might have 
been also limited. However, the health service accessibility 
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in Republic of Korea is at the highest level in the world. 
Despite these limitations, the present study provides 
some evidences of the validity of conservative treatment 
in recurrent SSP with a long RFI. To the best of our 
knowledge, this is the first study to investigate the validity 
of conservative treatment in recurrent SSP according to 
RFI. Although surgical intervention for SP is very safe and 
effective, we attributed these findings to the assumption that 
surgical intervention for recurrent SSP can be selectively 
avoided and conservative treatment for recurrent SSP with 
long RFIs can be clinically valid with regard to recurrence 
(1-3,20).

Conclusions

The present study revealed diversity of management 
outcomes according to characteristics of recurrence and 
provides some evidences of the validity of conservative 
treatment for recurrent SSP with a long RFI. Further 
prospective and randomized large-scale trials are required 
to validate these findings.
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