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Background: The surgical treatment of secondary spontaneous pneumothorax (SSP) can be complicated by 

fragile lung parenchyma. The preoperative prediction of air leakage could help prevent intraoperative lung in-

jury during manipulation of the lung. Common sites of bulla development and ruptured bullae were inves-

tigated based on computed tomography (CT) and intraoperative findings. Methods: The study enrolled 208 

patients with SSP who underwent air leak control through video-assisted thoracoscopic surgery (VATS). We 

retrospectively reviewed the sites of bulla development on preoperative CT and the rupture sites during 

VATS. Results: Of the 135 cases of right-sided SSP, the most common rupture site was the apical segment 

(31.9%), followed by the azygoesophageal recess (27.4%). Of the 75 cases on the left side, the most com-

mon rupture site was the apical segment (24.0%), followed by the anterior basal segment (17.3%). 

Conclusion: The azygoesophageal recess and parenchyma along the cardiac border were common sites of bul-

la development and rupture. Studies of respiratory lung motion to measure the pleural pressure at the lung 

surface could help to determine the relationship between cardiogenic and diaphragmatic movement and bulla 

formation or rupture.
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Introduction

In cases of secondary spontaneous pneumothorax 

(SSP) requiring surgical intervention, it can be diffi-

cult to locate air leaks because of diffuse adhesions 

and fragile lung parenchyma. To prevent unnecessary 

manipulation and intraoperative injury of the lung, 

rupture sites should be predicted preoperatively. 

Herein, we investigated the common sites of bulla 

development and rupture.

Methods

The study enrolled 208 patients with SSP who un-

derwent air leak control through video-assisted thor-

acoscopic surgery (VATS) from 2006 to 2014. In this 

study, only patients with SSP induced by chronic ob-

structive pulmonary disease were included; patients 

Korean J Thorac Cardiovasc Surg 2017;50:424-429 □ CLINICAL RESEARCH □

https://doi.org/10.5090/kjtcs.2017.50.6.424



Ruptured Bullae in Secondary Spontaneous Pneumothorax

− 425 −

Table 1. Perioperative characteristics

Characteristic General anesthesia (n=175) Epidural anesthesia (n=33) p-value

Age (yr) 63.8±12.8 62.03±15.34 0.4

Gender (male:female) 148:27 24:9

Preoperative chest tube drainage (day) 11.84±15.71 11.23±8.17 0.40

Pulmonary lung function

Forced expiratory volume in 1 second/forced vital capacity 61.93±9.02 18.40±2.55 0.00
a)

Chronic obstructive pulmonary disease grade 66.84±5.75 22.57±6.22 0.24

Stage I 105 0

Stage II 52 0

Stage III 18 0

Stage IV 0 33

Preoperative dyspnea score based on American Thoracic Society 1.73±0.49 3.07±0.25 0.00
a)

Values are presented as mean±standard deviation or number (%).
a)
Statistically significant difference.

with SSP caused by connective tissue disease, malig-

nancy, or infectious lung disease were excluded.

Although conservative management (e.g., intercostal 

tube drainage over 2 weeks or pleurodesis with a 

50% glucose solution administered through a chest 

tube) was usually performed in patients with SSP, 

under the following conditions surgical intervention 

was considered: a persistent air leak for more than 7 

days, incomplete lung expansion due to a persistent 

air leak, and more than 2 recurrences of pneu-

mothorax. Surgical intervention was performed under 

epidural anesthesia in patients with 2 recurrences of 

pneumothorax and poor results on pulmonary func-

tion tests (PFTs), such as forced expiratory volume 

in 1 second (FEV1) ＜1.2 L, FEV1/forced vital capacity 

＜40%, diffusing capacity of the lungs for carbon 

monoxide ＜60%, dyspnea ＞grade 3 (based on the 

American Thoracic Society score), or arterial blood 

gas analysis on room air showing PaCO2 ＞50 mm 

Hg and PaO2 ＜60 mm Hg (Table 1).

Because bullae can develop in multiple lesions, all 

sites of bulla development were investigated using 

preoperative computed tomography (CT), and the 

bulla rupture sites were explored during VATS (with 

a single rupture in each case). Complete adhesiolysis 

was performed in most cases, although in patients 

with poor PFTs who were vulnerable to a long oper-

ating time with 1-lung ventilation, the bulla rupture 

site was predicted from the preoperative CT, and 

minimal adhesiolysis was performed to find the rup-

tured bulla under epidural anesthesia.

The air leaks were controlled by bulla ligation us-

ing a loop, adhesiolysis, chemical pleurodesis, or by 

covering the leak with visceral pleura. Prior to 2012, 

chemical pleurodesis using talc was usually per-

formed at Pusan National University Hospital; how-

ever, since then, leaks have been covered with vis-

ceral pleura after a fatal complication that may have 

resulted from the use of talc.

All medical records were reviewed retrospectively. 

This study was approved by the institutional review 

board of Pusan National University Hospital (NO. 

H1705-007-055). Informed consent was not required 

for this retrospective study.

Statistical analyses were performed in R 3.3.2 us-

ing SAS ver. 9.3 (SAS Institute, Cary, NC, USA). The 

Pearson chi-square goodness-of-fit test was used to 

compare proportions. A type I error rate of 5% was 

used for hypothesis testing.

Results

Of 208 patients with SSP, 135 were affected on the 

right side and had a total of 358 bullae. The most 

common site of bullae on the right side was the up-

per lobe (197 of 358, 55.0%), followed by the azy-

goesophageal recess in S6 and S7 (83 of 358, 23.1%) 

(Fig. 1). In the right upper lobe, the apical (107 of 

358, 29.9%) and posterior (60 of 358, 16.8%) seg-

ments were the most common sites of bullae, and 

this distribution was statistically significant in com-

parison to a null hypothesis of uniform distribution 

(Table 2). The superior (46 of 358, 12.8%) and me-

diobasal (37 of 358, 10.3%) segments of the right 
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Fig. 1. (A−D) A ruptured bulla (arrow)

in the azygoesophageal recess.

lower lobe located in the azygoesophageal recess (83 

of 358, 23.2%) were the second most common sites 

of bullae; however, the distribution of bullae across 

these sites was not significantly different from the 

null hypothesis of uniform distribution (Table 2, Fig. 2).

Intraoperatively, we found that the most common 

site of bulla rupture was the lung apex, especially for 

bullae originating from the apical segment (43 of 

135, 31.9%), and this trend was statistically sig-

nificant in comparison to the null hypothesis of uni-

form distribution (Table 3). The second most com-

mon site was the azygoesophageal recess (35 of 135, 

25.9%), with bullae originating from the superior 

segment of the right lower lobe (21 of 135, 15.6%) 

and the mediobasal segment of the right lower lobe 

(14 of 135, 10.4%), and this distribution was sig-

nificantly different from the null hypothesis (Table 

3). The third most common site was the parenchyma 

along the cardiac border, such as the medial segment 

of the right middle lobe (17 of 135, 12.6%); how-

ever, this trend was not significantly different from 

the null hypothesis of uniform distribution (Table 3, 

Fig. 2).

In the 73 cases on the left side, there were 277 

bullae. The most common site of bullae was the ap-

ical (67 of 277, 24.2%) and posterior (64 of 277, 

23.1%) segments of the left upper lobe, which showed 

a significantly non-uniform distribution (Table 2). 

The anterior segment (37 of 277, 13.4%) and in-

ferior lingular (22 of 277, 7.9%) and anterobasal (21 

of 277, 7.6%) segments of the left lower lobe were 

the second and third most common sites of bullae, 

although the distribution of bullae across these sites 

was not significantly different from the null hypoth-

esis of uniform distribution (Table 2, Fig. 2). The 

most common site of bulla rupture was the apical 

segment (17 of 73, 23.3%) of the left upper lobe fol-

lowed by the anterior basal segment (13 of 73, 

17.8%) of the left lower lobe; both of these dis-

tributions were significantly non-uniform (Table 3). 

The third most common site of bulla rupture was the 

superior segment (12 of 73, 16.4%) of the left lower 

lobe located along the cardiac border, although this 

trend was not significant (Table 3).

Discussion

Bullectomy under VATS is used to control air leaks 

in patients with SSP. However, it can be technically 

difficult depending on the grade of diffuse adhesions, 
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Table 2. Common intraoperative sites of bullae

Site Pulmonary segment Incidence Residuals
a)

Right

Upper lobe S1, apical 107 (29.9) 11.9

S2, posterior 60 (16.8) 4.0

S3, anterior 30 (8.4) −1.0

Middle lobe S4, lateral 14 (3.9) −3.6

S5, medial 27 (7.5) −1.5

Lower lobe S6, superior 46 (12.8) 1.7

S7, mediobasal 37 (10.3) 0.2

S8, anterobasal 13 (3.6) −3.8

S9, laterobasal 9 (2.5) −4.5

S10, posterobasal 15 (4.2) −3.5

Total 358 (100.0)

Left

Upper lobe S1, apical 67 (24.2) 7.5

S2, posterior 64 (23.1) 6.9

S3, anterior 37 (13.4) 1.8

S4, superior lingular 16 (5.8) −2.2

S5, inferior lingular 22 (7.9) −1.1

Lower lobe S6, superior 19 (6.9) −1.7

S7, mediobasal 16 (5.8) −2.2

S8, anterobasal 21 (7.6) −1.3

S9, laterobasal 8 (2.9) −3.7

S10, posterobasal 7 (2.5) −3.9

Total 277 (100.0)

Values are presented as number (%).
a)
Residuals=(observed-expected)/square root of the expected, with null hypothesis of uniform distribution (p=0.1); right: goodness-of-fit 

test χ
2
=223.96, df=9, p≤0.0001; left: goodness-of-fit test χ

2
=151.34, df=9, p≤0.0001.

Fig. 2. Locations of bullae formation and rupture by pulmonary segment. (A) Locations of bullae by pulmonary segment. (B) Locations of 

ruptured bullae by pulmonary segment. S1, apical; S2, posterior; S3, anterior; S4, lateral (right) or superior lingular (left); S5, medial 

(right) or inferior lingular (left); S6, superior; S7, mediobasal; S8, anterobasal; S9, laterobasal; and S10, posterobasal segments.

underlying emphysema, and location of the ruptured 

bullae [1,2]. In addition, when there is air leak is 

near an area with a high density of adhesions that 

need to be dissected fully around the bulla, it is not 

clear how many adhesions will have to be released 

in order to find the air leak.
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Table 3. Common bulla rupture sites found intraoperatively

Site Pulmonary segment Incidence Residuals
a)

Right

Upper lobe S1, apical 43 (31.9) 8.0

S2, posterior 16 (11.9) 0.7

S3, anterior 12 (8.9) −0.4

Middle lobe S4, lateral 3 (2.2) −2.9

S5, medial 17 (5.2) 1.0

Lower lobe S6, superior 21 (15.6) 2.0

S7, mediobasal 14 (10.4) 0.1

S8, anterobasal 6 (4.4) −2.0

S9, laterobasal 2 (1.5) −3.1

S10, posterobasal 1 (0.7) −3.4

Total 135 (100.0)

Left

Upper lobe S1, apical 17 (23.3) 3.6

S2, posterior 8 (11.0) 0.3

S3, anterior 6 (8.2) −0.5

S4, superior lingular 8 (11.0) 0.3

S5, inferior lingular 3 (4.1) −1.6

Lower lobe S6, superior 12 (16.4) 1.7

S7, mediobasal 1 (1.4) −2.3

S8, anterobasal 13 (17.8) 2.1

S9, laterobasal 3 (4.1) −1.6

S10, posterobasal 2 (2.7) −2.0

Total 73 (100.0)

Values are presented as number (%).
a)
Residuals=(observed-expected)/square root of the expected with null hypothesis of uniform distribution (p=0.1); right: goodness-of-fit 

test χ
2
=103.89, df=9, p≤0.0001; left: goodness-of-fit test χ

2
=35.08, df=9, p≤0.0001.

The results of our study show that bullous lesions 

readily develop at the lung apex, which is also the 

most common site of bulla rupture (Fig. 2, Table 2), 

as has been the case in other case series.

Since there are strong correlations among trans-

pulmonary pressure, lung compliance, and the den-

sity of alveoli caused by gravity [3-5], the apex was 

the most common site of bulla development and rup-

ture in our study (Fig. 2, Tables 2, 3). However, 

some studies have reported that bullae in the recess 

between the descending aorta and thoracic vertebrae 

or the azygoesophageal recess are another common 

point of rupture and have recommended checking for 

air leaks in those areas [6,7]. In our series, the azy-

goesophageal recess (Fig. 1) was the second common 

site of bulla development and rupture on the right 

side. On the left side, the anterobasal segment of the 

left lower lobe located along the cardiac border was 

one of the significant common sites of bulla rupture 

(Fig. 2, Table 3).

Considering the common sites of bulla develop-

ment and rupture, pleural surface pressure appears 

to be not only affected by gravity but by cardiogenic 

motion [4,5] and diaphragmatic movement. This may 

result from the thin layer of pleural liquid that main-

tains the lung expansion driven by cardiogenic and 

diaphragmatic movement, which could, in turn, affect 

pleural surface pressure [5].

Therefore, in patients with no evidence of an air 

leak in the upper lobe, it is necessary to check for 

ruptured bullae in the azygoesophageal recess or 

along the cardiac border. Future development of 

techniques for measuring the pleural pressure at the 

lung surface with respiratory lung motion in cases of 

SSP could help to determine the relationship be-

tween cardiogenic and diaphragmatic movement and 

bulla formation or rupture.
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