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Introduction

Primary spontaneous pneumothorax (PSP) is common 
medical condition that is encountered in general hospitals 
as well as specialized institutions for PSP. However, the 
postoperative recurrence rate of PSP after both conservative 
and surgical therapies is relatively high, and current 
treatment outcomes are generally unsatisfactory. Patients 
with PSP usually have particularly demanding lifestyles, 

including school attendance, employment, etc. Thus, the 
reduction of post-therapy recurrence rate is of particular 
importance. For surgical treatment of PSP, bullectomy, 
using autosutures under video-assisted thoracoscopic 
surgery (VATS), is the standard procedure at present (1-6).  
This procedure is particularly useful, as it is both simple 
and safe. However, postoperative bulla neogenesis 
(POBN) along the staple line is relatively common and is 
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considered a factor in promoting PSP recurrence (3,7). In 
a modification of the original surgical technique, the staple 
line is reinforced with an absorbable sheet and/or fibrin 
glue to prevent POBN. Several reports have demonstrated 
the utility of this reinforcement technique in reducing the 
postoperative PSP recurrence rate (4,5,7). However, the 
use of fibrin glue involves the risk of exposure to infectious 
agents (8). If the risk factor(s) for POBN could be predicted, 
then reinforcement with fibrin glue could be limited to 
those patients who have a high risk of developing POBN. 

The tension at the staple line is thought to result in 
POBN (9), and we believed that the resected lung weight 
(LW) affects this tension. Therefore, we hypothesized that 
the tension at the staple line would increase as the weight 
of resected lung tissue, performed by autosutures, increases. 
As a result, POBN may be more likely to develop in sites 
involving particularly large resection. We subsequently 
reported the relationship between POBN and LW (10). 

It has recently been reported that the postoperative 
recurrence rate is higher in young individuals with PSP than 
in the elderly (11,12). This suggests that the characteristics 
of POBN may also differ according to age. As our study 
is retrospective, patient backgrounds were heterogeneous. 
Therefore, we have used the inverse-probability of 
treatment weighted (IPTW) method in order to adjust 
for heterogeneous patient backgrounds and evaluated the 
association between POBN and LW in patients grouped 
according to age treated surgically for PSP. This study was 

approved by the Institutional Review Board of Takasago 
Municipal Hospital (No. 2016-1).

Methods

Between February 2011 and April 2016, we enrolled 178 
consecutive PSP patients with 238 resected lung sites, 
who underwent VATS at our hospital. Only cases meeting 
the following criteria were evaluated: (I) staple lines were 
covered with an oxidized cellulose sheet without fibrin 
glue; (II) POBN was evaluated with high resolution 
computed tomography. In total, 96 sites in 67 patients 
were evaluated (Figure 1). Patients were subdivided into 
two groups according to their age for subsequent analysis: 
The Y group, less than 25 years old (56 sites) and the O 
group, aged 25 years or older (40 sites). We used the Cox 
regression analysis with IPTW method. In order to adjust 
for the different patient backgrounds, the IPTW method 
included the following factors: gender, smoking habit, 
history of previous ipsilateral operations, body mass index 
and resected lung sites.

Patients underwent VATS according to the following 
indications: ipsilateral PSP recurrence, a persistent air 
leakage after chest tube drainage, contralateral PSP, patient 
request, and tension pneumothorax. All procedures were 
performed by a single surgical team. The surgical protocol 
required that the bullae be resected with a sufficient margin 
and that the team was certain that no residual bullae were 

Figure 1 Enrollment in the study. PSP, primary spontaneous pneumothorax; CT, computed tomography; IPTW, inverse-probability of 
treatment weighted.

Patients with PSP underwent VATS bullectomy
186 cases 251 sites

Exclusion

97 sites

Y group (n=57)

Under 25 years old

Yes
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25 years old and more

O group (n=40)

COX regression analysis using IPTW

•	The evaluation of high-resolution CT at postoperative one year or recurrence
•	The use of pleural reinforced material at staple line during surgery
•	Non use of fibrin glue at staple line during surgery
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present around the staple line. LW was measured with a 
gravimeter in the operating room immediately after surgery. 
Chest radiography was performed in each patient every  
3 months postoperatively, and the presence of POBN was 
investigated using 1.00–1.25 mm thickness high-resolution 
computed tomography 1 year postoperatively, if there was 
no evidence of recurrence, or sooner if dyspnea, chest 

pain, and others symptoms occurred. None of the patients 
underwent perioperative chemical pleurodesis.

Statistical analyses were performed using Student 
t-test, the χ2 test, Fisher’s exact test and Cox regression 
analysis using the IPTW method. A P value of <0.05 
indicated statistical significance. The hazard ratio and 95% 
confidence interval were calculated for each variable.

Results

POBN was detected at 22 of 56 (39.3%) and 6 of 40 (15.0%)  
sites on high-resolution CT in the Y and O groups, 
respectively, with this difference being statistically significant 
(P=0.0080, Table 1). The mean age of individuals in the Y and 
O groups was 18.6±2.6 and 36.2±9.7 years old, respectively 
and this difference was statistically significant (P<0.0001, 
Table 1). A smoking habit was present in 6 of 56 (10.7%)  
and 23 of 40 (57.5%) sites, in the Y and O groups, 
respectively and this difference was statistically significant 
(P<0.0001, Table 1). Mean body mass index was 18.5±1.6 and  
20.6±2.1, in the Y and O groups respectively and this 
difference was statistically significant (P<0.0001, Table 1). 
Resected sites including apical, segment six and others were 
44/8/4 and 23/7/10, in the Y and O groups, respectively 
with this difference reaching statistical significance 
(P<0.0344, Table 1). The results showed that there were 
different backgrounds between both groups. Neither 
the median LW, 3.9 and 2.7 g, in the Y and O groups, 
respectively; nor the mean follow-up period, 422.7±329.6 
and 425.2±258.8 days in the Y and O groups, respectively 
differed significantly between the two groups (Table 1).

When LW cut off was set at 4.0 g, which is close to the 
median LW value, for patient backgrounds in the Y group, 
no statistically significant differences were identified by 
univariate analysis, except for resected sites (Table 2). 

Similarly for the O group, males represented 9 of  
21 (42.9%) and 17 of 19 (89.5%) sites and apical resected 
sites represented 5 of 21 (23.8%) and 18 of 19 (94.7%) sites 
for LW <3.0 g and LW ≥3.0 g, respectively and reached 
statistical significance (P=0.0028 and <0.0001, respectively, 
Table 3).

We used Cox regression analysis combined with the 
IPTW method to take into account various aspects of 
patient backgrounds including gender, smoking habit, 
history of operation, BMI and resected lung sites.

For the Y group, no LW, whose cut-off values ranged 
from 1.0 to 6.0 g was associated with POBN (Table 4). 
For the O group, LW ≥2.0 g and LW ≥3.0 g were both 

Table 1 Clinical characteristics of lung sites treated for primary 
spontaneous pneumothorax

Characteristic Y group (n=56) O group (n=40) P value

Age (years) 18.6±2.6 36.2±9.7 <0.0001

Gender (male:female) 50:6 26:14 0.0039

Smoking habit (yes:no) 6:50 23:17 <0.0001

History of surgery for 
PSP (yes:no)

6:50 8:32 0.2072

BMI 18.5±1.6 20.6±2.1 <0.0001

POBN (yes:no) 22:34 6:34 0.0080

Resected lung site 
(apical/S6/other)

44/8/4 23/7/10 0.0344

LW (g) 3.9 (0.15–15.14) 2.7 (0.13–23.33) 0.6417

Follow-up period (days) 422.7±329.6 425.2±258.8 0.9679

BMI, body mass index; LW, resected lung weight; POBN, 
postoperative bulla neogenesis; PSP, primary spontaneous 
pneumothorax.

Table 2 Clinical characteristics of lung sites treated for Y group

Characteristic
LW ≥4.0 g 

(n=30)
LW <4.0 g 

(n=26)
P value

Gender (male:female) 27:3 23:3 1.0000

Smoking habit (yes:no) 2:28 4:22 0.4006

History of surgery for 
PSP (yes:no)

4:26 2:24 0.6749

BMI 18.4±1.3 18.6±1.9 0.6790

Resected lung site 
(apical/S6/other)

19/8/3 25/0/1 0.0018

POBN (yes:no) 13:17 9:17 0.5045

Follow-up period (days) 475.8±405.8 361.4±201.8 0.1801

BMI, body mass index; LW, resected lung weight; POBN, 
postoperative bulla neogenesis; PSP, primary spontaneous 
pneumothorax.
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significantly associated with POBN (P=0.045 and 0.049, 
respectively, Table 5) although other LW cut-offs, ranging 
from 1.0 to 6.0 g, were not associated with POBN (Table 5). 

Discussion 

Bullectomy for PSP is routinely performed with autosutures 
(1-6). This procedure is performed using VATS, and its 
simplicity and safety make it particularly useful. However, it 
always results in a staple line on the visceral pleura. POBN 
is relatively common occurrence, and is considered a risk 
factor for PSP recurrence (3,7). Fibrin glue and absorbable 
sheet, both of which have been evaluated for use in 
reinforcement of the staple line, are thought to be effective 
in preventing POBN (7). In a study by Lee et al., it was 
shown that the use of fibrin glue and absorbable cellulose 
mesh for re-enforcement of the staple line after VATS 
bullectomy was comparable to mechanical pleurodesis in 
terms of prevention of postoperative PSP recurrence (4). 
Another study by Nakanishi revealed that the combined 
use of fibrin glue and an absorbable sheet in stapled 
VATS bullectomy reduced the 5-year recurrence rate of 
postoperative PSP (5). However, the intraoperative use of 
fibrin glue has the potential risk of exposure to infectious 
agents (8). Sakamoto et al. reported that the use of an 
absorbable sheet alone for re-enforcement of the staple line, 
without fibrin glue, was effective in preventing postoperative 
air leakage and in decreasing the recurrence of postoperative 
PSP (6). We now reinforce the staple line with absorbable 
sheet alone at our institution, based on their findings. 
However, a study by Muramatsu et al. revealed a significant 
reduction in the rate of postoperative PSP recurrence by 
reinforcement of the staple line with fleece-coated fibrin 
glue (3), and thus, the utility of fibrin glue cannot be 
ignored. If POBN could be reliably predicted, then thoracic 
surgeons could be able to limit fibrin glue reinforcement 
to resection sites that have a high risk of POBN. With 
this in my mind we assessed, and subsequently published, 
data on the relationship between POBN and LW (10).  
Cox regression analysis showed that LW is the only 
significant factor affecting POBN occurrence. It is thought 
that the presence of tension at the staple line is linked to 
the mechanism of POBN (9). In general, the residual lung 
gradually approaches its original size, as seen on radiograph 
or CT. When LW is increased, the residual lung is prone to 
over-expansion. We hypothesized that tension on the staple 
line occurs in the process. However, it has been reported 
that young patients with PSP have a higher postoperative 

Table 3 Clinical characteristics of lung sites treated in the O group

Characteristic
LW ≥3.0 g 

(n=21)
LW <3.0 g 

(n=19)
P value

Gender (male:female) 9:12 17:2 0.0028

Smoking habit (yes:no) 12:9 11:8 0.9617

History of surgery for 
PSP (yes:no)

6:15 2:17 0.2409

BMI 20.9±2.0 20.0±2.1 0.2927

Resected lung site 
(apical/S6/other)

5/7/9 18/0/1 <0.0001

POBN (yes:no) 3:18 3:16 1.0000

Follow-up period (days) 515.4±284.5 325.5±187.5 0.0183

BMI, body mass index; LW, resected lung weight; POBN, 
postoperative bulla neogenesis; PSP, primary spontaneous 
pneumothorax.

Table 5 Cox regression using IPTW analysis to assess the 
relationship between LW and POBN at lung sites treated for 
primary spontaneous pneumothorax in the O group

LW (g) HR 95% CI P value

≥1.0 1.566 0.342–7.179 0.564

≥2.0 6.470 1.047–39.980 0.045

≥3.0 7.864 1.010–61.230 0.049

≥4.0 5.684 0.796–40.600 0.082

≥5.0 1.363 0.069–7.754 0.797

≥6.0 1.744 0.045–7.236 0.667

CI, confidence interval; HR, hazard ratio; IPTW, inverse-probability 
of treatment weighted; LW, resected lung weight; POBN, 
postoperative bulla neogenesis.

Table 4 Cox regression, using IPTW analysis, to assess the 
relationship between LW and POBN at lung sites treated for 
primary spontaneous pneumothorax in the Y group

LW (g) HR 95% CI P value

≥1.0 1.748 0.572–5.341 0.327

≥2.0 0.992 0.446–2.207 0.992

≥3.0 1.417 0.583–3.442 0.442

≥4.0 1.117 0.461–2.710 0.806

≥5.0 1.174 0.478–2.885 0.727

≥6.0 1.705 0.802–4.158 0.699

CI, confidence interval; HR, hazard ratio; IPTW, inverse-
probability of treatment weighted; LW, resected lung weight; 
POBN, postoperative bulla neogenesis.
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recurrence rate than elderly individuals (11,12). Therefore, 
the characteristics of POBN may differ according to the 
patient’s age.

With the exception of our previous study, POBN risk 
factors have not been reported to differ from those for 
postoperative PSP recurrence associated with patient 
backgrounds (10-12). Therefore, we selected LW as 
the only factor to be evaluated. Because our study was 
retrospective, patient backgrounds were heterogeneous. We 
used the IPTW method, as this has previously been used to 
adjust for these factors in retrospective studies (13-15). 

Since the median LW was approximately 4.0 and 3.0 g 
for the Y and O groups, respectively, we investigated its 
relationship with POBN by varying the LW cut-off value 
from 1.0 to 6.0 g. For the Y group, no LW value was a 
significant risk factor for POBN. On the other hand, in 
the O group, LW ≥2.0 and ≥3.0 g were significant POBN 
risk factors (P=0.045 and 0.049, respectively). Although 
significant differences were observed with both cut-off 
values, we thought a cut-off value of LW ≥3.0 g was more 
clinically relevant. The reason why POBN was more 
frequent in Y group than in O group is unclear. PSP is a 
single disease that occurs independent of age or smoking 
habits. However, we believe that PSP includes cases of  
so-called young, secondary spontaneous pneumothorax (SSP) 
which develops in association with external factors such as 
smoking. If this is true, POBN might occur regardless of 
these external factors following PSP, while young SSP might 
demonstrate different features that are easily affected by LW.

In the present study, the resected sites were only 
reinforced with absorbable sheet. Therefore, active 
reinforcement of the staple line with both fibrin glue and 
absorbable sheet may in fact be necessary. Although we 
measured the LW postoperatively in our study, it can also 
be measured intraoperatively to determine whether the 
use of fibrin glue is indicated. It is unclear to what extent 
reinforcement of the staple line with fibrin glue is able to 
prevent POBN and this warrants further investigation. 
Furthermore, additional studies are required as the present 
study was not able to investigate thoroughly the relationship 
between POBN and PSP recurrence. 

Our study has some limitations. The patient population 
was relatively small, and the study was retrospective. It 
is very difficult for thoracic surgeons to control LW in a 
prospective study, as the conditions of bullae are highly 
variable. Therefore, we think that it is necessary for any 
future study to analyze retrospectively a larger patient 
population, sampled from multiple institutions.

Conclusions

This study shows that a LW of ≥3.0 g is a significant risk 
factor for POBN development in individuals aged 25 years 
and above. In these sites, intraoperative measurement of 
LW could be used to indicate when it may be necessary 
to reinforce the staple line with both fibrin glue and 
absorbable sheet in order to prevent POBN.
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