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Introduction

Secondary spontaneous pneumothorax (SSP) usually 
develops in elderly patients with underlying lung disease. 
Owing to pulmonary and general comorbidities, the 
management of elderly patients with SSP has not yet been 
standardized, nor has it resulted in satisfactory outcomes. 
Gupta et al. reported a striking increase of mortality from 
pneumothorax among patients aged over 55 years (1).

Among various predisposing lung pathologies of 

SSP, pulmonary tuberculosis (TB) is known as a major 
contributing factor after chronic obstructive pulmonary 
disease (COPD). In addition, pulmonary TB remains a 
significant public health burden in developing countries. 
In 2014, 9.6 million (133/105) new patients were diagnosed 
with TB worldwide. Unfortunately, South Korea is still 
one of the high prevalence countries, with 86 per 100,000 
patients (2). According to a report, the presence of old 
pulmonary TB is considered the main obstacle to the 
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management of patients with SSP (3).
However, few reports have been published on the clinical 

impacts of SSP associated with old pulmonary TB in elderly 
patients. In this study, we aimed to investigate the outcomes 
of elderly patients (over 70 years) with SSP and evaluate the 
influence of old pulmonary TB on the management of those 
patients.

Methods

Study population and clinical data

We conducted a retrospective analysis of patients treated for 
SSP in our hospital between January 2002 and December 
2014. This study was approved by the regional Institutional 
Review Board. The exclusion criteria were as follows: (I) 
patients under the age of 70 years at the time of their first 
occurrence of pneumothorax; patients with (II) traumatic 
pneumothorax; (III) iatrogenic pneumothorax; (IV) 
pneumothorax with concurrent lung malignancies; or (V) 
pneumothorax accompanying acute pulmonary infections; 
and (VI) bedridden patients.

We collected clinical data regarding age, sex, body 
weight, height, body mass index (BMI), Eastern Cooperative 
Oncology Group (ECOG) performance status, smoking 
status, previous obtained value of pulmonary function test, 
laboratory test results (sodium, protein, and albumin), and 
underlying comorbidities including diabetes, hypertension, 
cerebral infarction, cardiovascular disease, and COPD. On 
the basis of smoking history, patients were categorized as 
current smokers and non-smokers (never or ex-smoker). 
Smoking amount was described as the number of cigarette 
pack-years. The pulmonary function test was not routinely 
performed because the obtained value did not reflect the 
patients’ pulmonary function precisely due to air leakage. 
History of pulmonary TB was completely based on the 
medical records and chest computed tomography (CT). We 
think this is reliable because our country still has a relatively 
high prevalence of TB, which mandates routine check-
up for its presence. The CT images were also evaluated 
for features of pulmonary lesions such as pleural adhesion, 
pleural thickening, scattered calcified nodules, parenchymal 
fibrotic bands, cavities, and scars that were regarded as old 
pulmonary TB (4,5).

The modified Goddard visual scoring system proposed 
by Hunsaker et al. in which the lung was divided into four 
zones—an upper and a lower zone on each side of the 
carina—was used in the present study (6,7). The scores 

represented the percentage of emphysematous destruction 
in each zone: 1 for 0–25%, 2 for 26–50%, 3 for 51–75%, 
and 4 for 76–100%. The final score was obtained by adding 
the individual scores of each of the four zones, with four 
being the minimum visual score and 16 being the maximum 
visual score. The CT images were reviewed and scored 
independently by two qualified thoracic surgeons who 
were blinded to any clinical data. After the independent 
evaluations, the two reviewers arrived at the final Goddard 
score that was agreed upon by discussion.

Treatment strategies

In our institution, the management strategy for patients 
with SSP was based on the American College of Chest 
Physicians (ACCP) and British Thoracic Society guidelines 
(8-10). Every patient had a chest tube inserted using 7F-30F 
thoracic catheters at the time of diagnosis of pneumothorax. 
If the drainage system was inadequate, the chest tube 
revision, reposition, change to larger caliber catheter, or 
second tube insertion was carried out. Suction to a chest 
tube was not routinely employed, but sometimes applied 
at −10 to −20 cmH2O for the failure of re-expansion or 
persistent air leak. The chest tubes were removed if the lung 
was fully expanded and there was no air leakage for at least 
a day. In some cases in which the lung remained expanded 
but air leakage persisted, the patient was discharged with 
a Heimlich valve for chest drainage. Although the surgical 
timing and method were at the discretion of the attending 
surgeons, we considered the general surgical indications 
to be the following: ipsilateral or contralateral recurrent 
pneumothorax, persistent air leakage (>7 days), poor 
expansion of the ipsilateral lung with massive air leakage, 
and suitable performance status for surgery. During the 
surgery, the air leak sources were routinely detected by 
lung inflation followed by underwater submersion. The 
basic principle of the surgery was to excise the target bullae, 
which were thin walled, white, translucent, or responsible 
for air leakage. We did not perform any further resection 
or repair of thick-walled, unruptured bullae regardless of 
the severity and distribution of the bullous emphysema. 
Adhesiolysis was also minimized to reduce any unexpected 
air leakage resulting from a visceral pleural injury. 
Bullectomy was mostly performed using stapling devices. 
Manual bullectomy and suture closure were performed via 
minithoracotomy or thoracotomy when the stapling device 
was not available for multifocal or dense pleural adhesion. 
Endoloop ligation was sometimes applied when the 
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ruptured bulla was huge with a narrow stalk. The resection 
margin was covered with absorbable cellulose mesh and 
fibrin glue. Chemical or mechanical pleurodesis was not 
routinely conducted to reduce postoperative pain and 
complications in the elderly patients.

Follow-up

Patients were routinely followed-up for 1–2 weeks after 
discharge. The majority of patients were then referred back 
to other departments in our hospital for their underlying 
comorbidities. Long-term data were obtained from the 
latest available information via recent radiologic findings, 
medical records, or telephone interviews. Survival and 
the date of death were confirmed by using data from 
the National Health Insurance Service of our country. 
However, the cause of death could not be identified because 
almost all of the patients’ families were reluctant to disclose 
this information.

Statistical analyses

Statistical evaluation was performed using the Statistical 
Package for the Social Sciences program version 22.0 for 
Windows (SPSS, Chicago, IL, USA). Discrete variables 
were analyzed using Pearson’s chi-square test. Continuous 
variables were analyzed using Student’s t-test. Recurrence 
and survival analyses of the 133 patients—81 without 
old pulmonary TB and 52 with old pulmonary TB—was 
performed using the Kaplan-Meier method. Recurrence-
free survival rate was calculated from the date of first 
occurrence of SSP to the date of first recurrence or the 

date of last follow-up. Overall survival rate was calculated 
from the date of first occurrence of SSP to the date of any 
cause of death or the date of last follow-up. The differences 
in survival rates between subgroups were assessed using 
the log-rank test. A statistically significant difference was 
defined as a two-sided P value of less than 0.05.

Results

During the study period, a total of 216 consecutive SSP 
cases recruited under the inclusion and exclusion criteria 
for the present study. We classified the study population 
into two groups according to the presence of old pulmonary 
tuberculosis [non-tuberculosis (NTB) group vs. TB group]. 
Of these, 134 (62.0%) did not have old pulmonary TB 
and the other 82 (38.0%) had experienced pulmonary 
TB. Figure 1 shows treatment flow diagram of both groups 
in the study population. The mean follow-up period was 
42.8±36.1 months, and 205 cases (94.9%) were in male 
patients. The demographic and clinical characteristics of 
all 216 cases in the NTB and TB groups are listed and 
compared in Table 1. There was no female case in TB 
group. Compared to cases in NTB group, cases in TB 
group were in statistically significantly younger patients 
who had more height, lesser hypertension and higher 
Goddard score.

Table 2 shows various treatment outcomes associated 
with no surgical treatment and surgical treatment in both 
groups. In no surgical cases, the larger caliber of chest tubes 
were more frequently inserted for resolving pneumothorax 
in the TB group than the NTB group (P=0.027). Revision 
or repositioning of the chest tube was more frequently 

Figure 1 Treatment flow diagram of 216 consecutive cases of SSP with or without old pulmonary TB. NTB, no pulmonary tuberculosis; 
TB, pulmonary tuberculosis; VATS, video-assisted thoracoscopic surgery; SSP, secondary spontaneous pneumothorax; TB, tuberculosis.

Total cases (n=216)

NTB group (n=134)

Surgery (n=31)

VATS (n=25) Non VATS (n=6) Non VATS (n=8)VATS (n=7)

No surgery (n=103) No surgery (n=67) Surgery (n=15)

TB group (n=82)
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Table 1 Demographic and clinical characteristics of 216 cases with or 
without old pulmonary TB

Variable
NTB group 
(n=134) (%)

TB group 
(n=82) (%)

P value

Age (years, mean ± SD) 77.2±5.5 75.7±4.0 0.022*

Sex (male/female) 123/11 
(91.8/8.2)

82/0 
(100.0/0.0)

0.008*

Height (mean ± SD, cm) 165.2±7.6 167.4±5.6 0.015*

Body weight (mean ± SD, kg) 56.4±9.7 56.1±9.7 0.849

BMI 20.7±3.2 20.0±3.2 0.150

ECOG 1–2 131 (97.8) 78 (95.1) 0.431

Current smoking 43 (32.1) 20 (24.4) 0.281

Smoking (mean ± SD, 
pack/year)

44.1±18.4 42.5±21.1 0.572

Diabetes 20 (14.9) 17 (20.7) 0.272

Hypertension 70 (52.2) 22 (26.8) <0.001*

Cerebral infarction 12 (9.0) 2 (2.4) 0.086

Cardiovascular disease 21 (15.7) 8 (9.8) 0.304

COPD 69 (51.5) 36 (43.9) 0.327

Predicted FEV1  
(mean ± SD)

72.5±25.8 76.7±28.7 0.559

Predicted DLCO  
(mean ± SD)

84.6±22.5 74.7±24.2 0.144

Na (mean ± SD, mmol/L) 138.0±3.8 137.6±4.1 0.592

Protein (mean ± SD, g/dL) 6.8±0.9 7.0±0.7 0.180

Albumin (mean ± SD, g/dL) 3.8±0.5 3.8±0.5 0.499

Goddard score (mean ± SD) 7.0±3.1 8.2±3.3 0.010*

Surgery for SSP 31 (23.1) 15 (18.3) 0.494

*, P value ≤0.05. BMI, body mass index; COPD, chronic 
obstructive pulmonary disease; DLCO, diffusing capacity for 
carbon monoxide; ECOG, Eastern Cooperative Oncology Group 
Performance Status; FEV1, forced expiratory volume 1 second; 
NTB, non-tuberculosis; SD, standard deviation; TB, tuberculosis; 
SSP, secondary spontaneous pneumothorax.

Table 2 Treatment outcomes according to no surgical treatment 
and surgical treatment in NTB group and TB group

Variable NTB group TB group P value

No surgery

N (N=103) (N=67)

Total CTD  
(mean ± SD, days)

11.6±15.7 21.4±29.9 0.015*

Caliber of tube  
(mean ± SD, F)

20.2±9.0 22.6±8.0 0.073

Caliber of tube (yes, %) 0.027*

≥28 F 37 (35.9) 36 (53.7)

<28 F 66 (64.1) 31 (46.3)

Revision or reposition  
(yes, %)

17 (16.5) 18 (26.9) 0.076

Surgery

N (N=31) (N=15)

Type of surgery (%) 0.038*

VATS 25 (80.6) 7 (46.7)

Non-VATS 6 (19.4) 8 (53.3)

Time of surgery  
(mean ± SD, min) †

74.4±32.8 97.8±50.8 0.120

VATS 64.8±21.7 56.9±6.1 0.352

Non-VATS 114.5 ± 42.4 133. 6±44.6 0.433

Complication (%)† 5/31 (16.1) 7/15 (46.7) 0.038*

VATS 3/25 (12.0) 2/7 (28.6) 0.296

Non-VATS 2/6 (33.3) 5/8 (62.5) 0.592

Preoperative CTD  
(mean ± SD, days) †

8.0±6.9 13.5±8.7 0.024*

VATS 7.2±6.4 8.0±4.1 0.759

Non-VATS 11.5±8.3 18.4±8.8 0.165

Postoperative CTD  
(mean ± SD, days)†

3.5±5.2 7.1±4.7 0.030*

VATS 2.6±3.4 5.9±5.6 0.059

Non-VATS 7.3±9.4 8.1±3.8 0.831

*, P value ≤0.05; †, result of patients including VATS and Non-
VATS in each group. CTD, chest tube duration; F, French; NTB, 
non-tuberculosis; SD, standard deviation; TB, tuberculosis; 
VATS, video-assisted thoracoscopic surgery.
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performed in the TB group, but there was no statistical 
significance. Among 46 cases that required surgery, 14 
were non-video-assisted thoracoscopic surgery (VATS) 
cases including VATS with thoracotomy conversion, 
minithoracotomy, and conventional thoracotomy (Figure 1). 
Non-VATS was performed in 19.4% of cases in the NTB 
group and 53.3% of cases in the TB group (P=0.038). 
Preoperative and postoperative chest tube durations (CTD) 
were significantly longer in the TB group (P=0.024 and 
P=0.030, respectively) than in the NTB group. Mean time 
of surgery was also longer in the TB group than in the NTB 
group, but the difference was not statistically significant. 
Postoperative complications developed in 7 cases (46.7%) 
in the TB group, including four cases of postoperative 
prolonged air leak (>7 days), one of pneumonia, one of 
mechanical ventilator support for respiratory failure, and 
one of acute kidney injury. In the case of acute kidney 
injury, the patient died on postoperative day 6. In the 
NTB group, 5 (16.1%) cases developed postoperative 
complications, including three cases of postoperative 
prolonged air leak (>7 days), one of respiratory failure, 
and one of delirium. In seven patients with a postoperative 
prolonged air leak, chest tubes could be removed after few 
days without any further complications; three patients were 
discharged with Heimlich valve tubes. We could remove 

the three Heimlich tubes in an outpatient clinic in 1 or 
2 weeks after the discharge. During the follow-up period, 
one patient in the TB group had an ipsilateral recurrence 
7 years after the surgery; the recurrent pneumothorax was 
treated using closed tube thoracostomy.

In our study, 133 patients (52 with old pulmonary TB 
and 81 without old pulmonary TB) had experienced 216 
episodes of pneumothorax. Seventy-seven (57.9%) patients 
had a single episode of SSP, and 56 patients (42.1%) had 
recurrence of SSP during the follow-up period—37 patients 
with two episodes, 14 with three, 2 with four, and 3 with five. 
Seventeen patients (32.7%) with old pulmonary TB and 39 
patients (48.1%) without old pulmonary TB experienced 
recurrences (P=0.105). One-year recurrence free survival 
rates were 72.5% and 60.8% for patients with and without 
old pulmonary TB, respectively (log rank, P=0.087) (Figure 2).  
Fifty-eight patients (26 with old pulmonary TB and 32 
without old pulmonary TB) died during the follow-up 
period. In the total study population, overall 5-year survival 
rates were 59.7% and 61.8% for patients with and without 
old pulmonary TB, respectively (log rank, P=0.517) (Figure 3).

Discussion

Life expectancy of the elderly has been gradually improving 
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Figure 2 Kaplan-Meier recurrence free survival curve of 133 patients 
with and without old pulmonary TB. One-year recurrence free 
survival rates were 72.5% and 60.8% for patients with and without 
pulmonary TB, respectively (log rank, P=0.087). TB, tuberculosis.

Figure 3 Kaplan-Meier overall survival curve of 133 patients with 
and without old pulmonary TB. The 5-year survival rates were 
59.7% and 61.8% in patients with and without old pulmonary TB, 
respectively (log rank, P=0.517). TB, tuberculosis.
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for many decades (11), and in recent years, the elderly have 
been more commonly defined as individuals aged “70 years 
or more (12)”. Arias et al. reported that since 2009, the 
overall life expectancy at birth has been 78.5 years in the 
United States (13). As the elderly population keeps growing, 
the prevalence of COPD is also increasing worldwide. 
COPD has also been projected to increase in incidence to 
become the third leading cause of death by 2020 (14,15). 
Although tobacco smoking is widely accepted as a central 
factor in the development of COPD, treated pulmonary TB 
is also considered one of the most important predisposing 
factors in developing COPD (16).

TB remains a significant global health problem in spite 
of advancements in modern medical practices. In 2014,  
9.6 million (133/105) new patients were diagnosed with TB 
and 1.5 million deaths occurred worldwide. The incidence 
of TB is reported to be 28/105 and 37/105 in the Americas 
and Europe region, respectively. However, unfortunately, 
Africa region and East-Asia region are still high prevalence 
areas with 281/105 and 211/105 patients, respectively (2).

SSP is associated with underlying pulmonary diseases, 
and is most frequently a consequence of COPD, especially 
the emphysema-dominant type of COPD. Most patients 
with SSP and concomitant COPD are older than 50 years, and 
patients who have more severe COPD tend to develop SSP 
more frequently (17). SSP is a potentially life-threatening 
disease because of the patient’s poor cardiopulmonary 
function and its association with various comorbidities.

Our study population did not include patients with SSP 
under the age of 70 years (based on the current definition 
of the elderly) (12), and about 40% of the study population 
had an experience of old pulmonary TB. In this study, mean 
Goddard score was statistically higher in the TB group than 
in the NTB group, although cases of the TB group were 
in more young patients. This result might support that the 
treated pulmonary TB is one of the important predisposing 
factors in developing COPD.

Another important purpose of this study was to 
investigate the influence of old pulmonary TB on the 
treatment of SSP. In patients without surgical treatment, 
the mean total CTD in the TB group was about two 
times longer than that in the NTB group. In patients with 
surgical treatment, non-VATSs were performed more 
frequently, and the total time of surgery and postoperative 
CTD were longer in the TB group. These results could 
be attributed to the fact that old pulmonary TB sequelae, 
such as pleural adhesion, pulmonary calcified nodules, 
or pulmonary fibrosis, sudden bronchopleural fistula and 

empyema, might be critical factors that make the treatment 
difficult and prolong the healing of lung parenchyma in 
both non-surgical and surgical treatment in the TB group. 
Interestingly, preoperative CTD was also more prolonged 
in the TB group than in the NTB group. We presume 
that the reasons were as follows: (I) surgeons took a long 
time to determine surgery for SSP in patients with old 
pulmonary TB sequelae that might result in unsatisfactory 
postoperative courses; and (II) patients and their families 
hesitated and needed more time to agree to surgery because 
of fear of poor surgical results caused by old pulmonary TB.

The morbidity and mortality rates were reported to 
be 19–38% and 0–9%, respectively, in some reports on 
patients with SSP who underwent surgical treatment. The 
postoperative recurrence rates were reported to range 
from 0% to 16% (18-22). In this study, we performed 
surgeries in carefully selected 46 (21.3%) out of the total 
216 consecutive cases. The presence of old pulmonary TB 
was not a significant factor in determining the necessity 
for surgery. The incidence of postoperative morbidity 
was 16.1% (5/31 patients) in the NTB group and 46.7% 
(7/15 patients) in the TB group. The total incidence of 
postoperative mortality was 2.2% (1 patient in the TB 
group) and the postoperative recurrence rate was 2.2% 
(1 patient in the TB group). No patients underwent 
repeat surgeries for any complications or SSP recurrence. 
Recurrence-free survival rate and overall survival rate did 
not differ between the TB and NTB groups. We may 
consider our postoperative results to be favorable and 
comparable to those from previous reports, but the results 
were generally worse in patients from the TB group.

Although surgery is widely accepted as the most effective 
treatment for SSP, many thoracic surgeons refrain from 
performing surgery on elderly patients because of their 
short natural life expectancy and potential postoperative 
morbidity and mortality. However, the health status and 
general performance of the elderly population is now 
extremely varied—there are marathon runners older than 
80 years as well as bed-ridden patients. Therefore, in recent 
years, age alone has not been used as a criterion for any type 
of surgery for SSP. Several studies have shown favorable 
outcomes by applying the surgical principle of minimal 
repair in elderly patients with SSP (20,21,23,24). Surgeries 
following this principle aim to excise only the targeted, 
active leakage point, and avoid performing a bullectomy of 
thick-walled bullae or a lung-volume-reduction surgery. 
The minimal repair principle can be well applied when 
there is no pleural adhesion at the active air leakage point. 
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However, it might be hard for surgeons to resect target 
lesions with diffuse or dense pleural adhesion around the 
active air leakage point during surgery, especially in patients 
with pulmonary or pleural sequelae. Therefore, surgery 
should be given additional meticulous attention to have 
favorable postoperative courses in elderly SSP patients with 
old pulmonary TB.

Surgery is an effective treatment option in elderly 
patients with SSP, but unfortunately, the majority of elderly 
patients with SSP were considered inoperable. Therefore, 
conservative treatments have to be regarded as an important 
topic in elderly patients with SSP. Sahn et al. reported 
that the recurrence rate for SSP was between 39% and 
47% in their review article (25). Several risk factors for 
recurrence of SSP have been reported including pulmonary 
fibrosis, age greater than 60 years, and patients without 
pleurodesis (10,25,26). Pleurodesis or a Heimlich valve may 
be appropriate for inoperable SSP (10). Our study showed a 
somewhat high percentage (about 40%) of recurrence rate 
in patients without surgery. All patients were over 70 years 
old in this study population. Pleurodesis was not performed 
in most patients with or without surgery, while Heimlich 
valve tube was mostly applied for patients with persistent air 
leakage because of concern for complications of pleurodesis, 
such as pain, fever, and respiratory failure, in very elderly 
patients. It might be a major weak point of this study that 
the analysis of treatment efficacy of pleurodesis could not 
be conducted in elderly patients with SSP. There is still a 
lack of definitive recommendation regarding pleurodesis 
in very elderly patients with SSP, although pleurodesis has 
been widely recommended to prevent recurrence of SSP 
and reduce the duration of air leakage (8,10,27). Therefore, 
a larger number of cases of elderly patients with well-
designed prospective, randomized, controlled trials should 
be investigated in the future.

Study limitations

This study has several limitations. First, this study was a 
retrospective analysis. Second, the statistical power may 
be weak because the number of subgroups was small. 
Third, the presence of old pulmonary TB was dependent 
on the history description obtained from patients or 
family members in our medical records. It was impossible 
to identify the results of serologic or bacteriologic tests 
conducted and subscription data obtained decades ago. 
However, we believe that the public awareness of TB is 
high enough so that the patients know their own medical 

history about TB, especially because the nationwide TB 
survey has been conducted every 5 years since the 1960s in 
South Korea. Fourth, in addition to COPD and TB, many 
diffuse lung diseases, such as interstitial pneumonia, can be 
involved in SSP. Unfortunately, further analyses were not 
performed, related to the different pulmonary diseases in 
this study.

Conclusions

Among elderly patients with SSP, those in the TB group 
had a significantly longer CTD and significantly more 
postoperative complications than did patients in the 
NTB group. Moreover, thoracoscopic surgery could be 
performed more commonly in the NTB group than in 
the TB group. However, recurrence-free survival rate and 
overall survival rate after the first occurrence of SSP did 
not differ between the TB and NTB groups. We consider 
surgery could be conducted with acceptable morbidity 
and mortality in highly selected patients regardless of the 
presence of old pulmonary TB, even though such patients 
might have a more complicated clinical course.
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