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Background: The treatment of secondary pneumothorax in elderly patients is difficult 
because of underlying diffuse lung injury and complex medical comorbidities. Such patients 
still have high morbidity rates, resulting in longer periods of hospitalization. 
Methods: To examine the results of video-assisted thoracic surgery for elderly patients (aged 
70 years or over) with secondary pneumothorax and investigate the risk factors for hospital 
stay longer than 7 days, we retrospectively analyzed the results obtained in such patients at 
our institution. 
Results: From among 73 patients who entered this study, 7 patients (9.6%) had postoperative 
complications. Video-assisted thoracic surgery could treat pneumothorax in 71 patients, 
except for the 2 who died in hospital. The median postoperative drainage and hospital stay 
periods were 2 days (1–40 days) and 5 days (2–51 days). Patients with interstitial pneumonitis, 
pulmonary infection and low total protein or sodium levels were the risk factors for hospital 
stay longer than 7 days.
Conclusions: VATS is a safe and effective procedure for secondary pneumothorax in elderly 
patients. Patients with interstitial pneumonitis, pulmonary infection, and hyponutrition state 
were the risk factors for postoperative hospital stay prolongation.
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patients is difficult and their morbidity and mortality 
rates are still high,1–5) resulting in longer periods of hospi-
talization.6–9) In elderly patients, only a few days in bed 
can lead to a decrease in activities of daily living (ADL). 
We retrospectively analyzed the clinical data of patients, 
aged 70 years or over with secondary pneumothorax who 
underwent surgery at our institution, and investigated risk 
factors for longer hospitalization in these patients. Then, 
we demonstrated the usefulness of video-assisted thoracic 
surgery (VATS) for secondary pneumothorax in elderly 
patients.

Patients and Methods

We retrospectively examined the clinical data of 73 pa-
tients aged 70 years or over who underwent surgery for sec-
ondary pneumothorax at our institution between September 

Introduction

Pneumothorax in elderly patients is caused by diffuse 
lung diseases such as pulmonary emphysema, interstitial 
pneumonitis and tuberculosis. Such patients also usually 
have many comorbidities, such as malignant disease, dia-
betes mellitus, cardiac angina or cerebral infarction. Be-
cause of these complex comorbidities, treatment of these 
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2003 and July 2009. All surgical procedures were done 
using thoracoscopy under single lung ventilation. For the 
VATS procedure, a camera port was placed in the 7th in-
tercostal space on the mid-axillary line. Two other stab 
wounds, each approximately 2 cm long, were made in the 
4th intercostal space on the anterior axillary line and in 
the 6th or 7th intercostal space at the lower edge of the 
scapula. Mechanical wound retractor was not used , and 
all surgical procedures were done under complete VATS. 
The studied patients accounted for 16.3% of all surgical 
cases of pneumothorax at our institution within the same 
period and all surgical cases of pneumothorax underwent 
thoracoscopic surgery within this period. 

The average patient age was 76.1 (70–90) years, and 
67 were male, and 6 were female. There were 41 cases of 
right pneumothorax and 32 cases of left pneumothorax. 
All the patients showed an emphysematous change on 
chest roentgenograms or chest CT films before surgery. 
Seventy patients (95.9%) had preoperative comorbidities 
in addition to emphysema, the main ones being old tuber-
culosis in 11 cases, previous malignant disease in 10, dia-
betes mellitus in 9, interstitial pneumonitis, which showed 
an interstitial shadow on chest CT and were previously 
diagnosed by pulmonologist radiologically or histologi-
cally in 7, cerebral infarction in 7, angina in 7, and active 
pulmonary infection (atypical mycobacterium infection, 
pulmonary tuberculosis, pulmonary abscess and pulmo-
nary aspergillosis) in 7 (Table 1).

Surgery was indicated for these patients because of 
continuous air leakage that had been refractory to medi-
cal treatment and recurrent pneumothorax. A preopera-
tive blood sample was obtained on the day of surgery or 1 
day before surgery.

Statistical analysis using the chi-squared test was per-
formed to determine the significance of associations be-
tween postsurgical complications and each of the inde-

pendent variables. The Mann-Whitney U test was used 
to assess associations between quantitative variables. 
The Spearman’s rank correlation coefficient was used to 
examine the correlation between two continuous vari-
ables. For all analyses, statistical significance was set at 
p <0.05. StatView software (version 5.5, Chicago, IL, 
USA) was used for all calculations.

The Institutional Review Board approved this retro-
spective study. The need for subsequent individual con-
sent from patients whose records were evaluated was 
waived because the individuals were not identified in this 
study.

Results

Among the 73 patients, 51 (69.9%) received preopera-
tive chest tube drainage. The other 22 did not, and under-
went surgery on the day of admission or the following 
day without preoperative chest tube drainage. The aver-
age period of preoperative drainage in patients who re-
ceived it was 7.7 days (1–25 days), and 3 cases of these 
patients received pleurodesis using chemicals such as 
picibanil (OK-432) or minocycline preoperatively, which 
are chemicals usually used for pleurodesis in Japan.

The air leakage point was found in 67 patients, among 
whom 59 underwent bullectomy and 8, whose leakage 
points were difficult to resect using an endostapler, un-
derwent fistula closure by manual suturing. After bullec-
tomy and fistula closure, 10 patients underwent absorb-
able knitted membrane (Vicryl (polyglactin 910) woven 
mesh, Ethicon Inc, Japan) or thrombin-fibrinogen sheet 
(TachoComb, CSL Behring Inc. Japan) coverage and 9 
underwent parietal pleurectomy in the upper half of the 
pleural cavity to prevent recurrence. The remaining 6 pa-
tients whose air leakage points could not be found under-
went only parietal pleurectomy. The average operation 

Table 1　Characteristics of elderly patients with secondary punemothorax

Gender : male / female 67 / 6
Age (years) 76.1 ± 4.8 (70–90)
Laterality : right / left 41 / 32
Body mass index (kg/m2) 20.3 ± 3.5 (14.1–28.7)
Main medical comorbidity in addition to emphysema
　old tuberculosis 11
　previous malignant disease 10
　diabetes mellitus   9
　interstitial pneumonitis   7
　cerebral infarction   7
　angina and myocardial infarction   7
　pulmonary infection   7
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time was 68 minutes (range 17–250 minutes).
Seven patients (9.6%) had postoperative complications, 

the main ones being air leakage in 2 (persistent air leak-
age for more than 14 days), delirium in 2, empyema in 2, 
and respiratory failure requiring mechanical ventilation 
and postsurgical bleeding in 1 case each.

There were 2 cases of in-hospital death. One of the pa-
tients was an 82-year-old male with a body mass index of 
only 14.3, who was in a state of severe hyponutrition. He 
also had diabetes mellitus, hypertension, and old tubercu-
losis and had undergone surgery for cholangiocarcinoma. 
Although his general condition was too poor to ensure safe 
general anesthesia, air leakage continued even after pleur-
odesis, and the effects of medical treatment were limited. 
After surgery, he developed respiratory failure and died 10 
days after surgery. The other patient was a 72-year-old 
male who had diabetes mellitus, cerebral infarction, type C 
hepatitis, interstitial pneumonitis, and Aspergillus infec-
tion. After surgery, he developed Aspergillus empyema, 
and died in hospital 51 days after surgery.

One of the two patients who had postoperative air 
leakage for more than 14 days was the case with Asper-
gillus empyema described above, who underwent rib re-
section and open window surgery because of postopera-
tive Aspergillus empyema. He died in the hospital 51 days 
after surgery. Other 1 patient underwent pleurodesis using 
immunoreactive chemicals such as picibanil (OK432) or 
minocycline for 2 times. After pleurodesis, air leakage 
was disappeared at 18 days after surgery and discharged 
from hospital at 19 days after surgery. Overall, these 
VATS procedures could treat pneumothorax in 71 pa-
tients, except for the 2 who died in hospital.

The median postoperative drainage period was 2 days 
(1–40 days), and the median postoperative hospital stay 
was 5 days (2–51 days). Forty six patients (63.0%) were 
discharged from hospital within 6 days and 27 patients 
(37.0%) needed 7 days or over in hospital until discharge. 

We investigated the risk factors for prolonged hospital-
ization. Univariate analysis showed that preoperative 
complications such as diabetes mellitus, cerebral infarc-
tion did not significantly affect the postoperative period 
of hospitalization. However, patients with interstitial 
pneumonitis and pulmonary infection stayed in hospital 
longer significantly (Table 2).

We also investigated the relationship between preoper-
ative laboratory and clinical data and postoperative pro-
longation of hospitalization. Patients who stayed longer in 
hospital after surgery had significantly lower preoperative 
total protein and sodium levels, and a longer preoperative 
drainage period. In terms of body mass index (BMI), 
BMI was not a significant risk factor for long hospital 
stay. However, because measurement of weight and height 
was not possible for some patients due to their poor gen-
eral condition and these patients tended to have low body 
weight and longer postoperative hospital stay, low BMI 
may be a risk factor for hospital stay longer (Table 3).

Furthermore, we investigated the relationship between 
the preoperative serum total protein and sodium levels, and 
the preoperative drainage period. The correlation between 
preoperative drainage periods and preoperative serum so-
dium and total protein levels were weak but significant. 
Patients who had longer preoperative drainage periods had 
significantly lower preoperative serum total protein and 
sodium levels. The preoperative drainage period affected 
the serum total protein and sodium levels in elderly patients 
with pneumothorax (Fig. 1). Preoperative drainage periods 
are getting longer, serum total protein and sodium levels 
getting decreased. Preoperative long drainage periods may 
make patients’ nutrition states worse. 

Discussion 

Secondary pneumothorax in elderly patients is difficult 
to treat due to their poor general condition and the presence 

Table 2　Univariate analysis of preoperative comorbidities for prolonged hospitalization 

  postoperative  postoperative  
total p

  hospitalization <7days hospitalization ≥7days

Diabetes mellitus + 4 5 9 0.2178
 − 42 22 64 
Cerebral infarction + 4 3 7 0.7351
 − 42 24 66 
Interstitial pneumonitis + 2 5 7 0.0471
 − 44 22 66 
Pulmonary infection + 2 5 7 0.0471
 − 44 22 66
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of physical and mental comorbidities. Elderly patients 
with pneumothorax are reported to have high morbidity 
and mortality,1–5) and their postoperative hospital stay 
tends to be longer than that of younger patients.6–9) Post-
surgical complications, especially respiratory complica-
tions, prolong hospitalization and lead to a worse out-
come. In elderly patients, long hospital stay decrease their 
ADL even after they recovered from postoperative com-
plications. We examined the results of VATS for second-
ary pneumothorax in elderly patients and investigated the 
risk factors for prolonged hospitalization after surgery.

In this study, perioperative morbidity and mortality 
rate were 9.6 % and 2.7 %. Previous reports demonstrated 
that perioperative morbidity and mortality rate for sec-

ondary pneumothorax were 19.2%–30.1% and 2.1%–
5.5%.1–5) Although this study included only elderly pa-
tients, this result was satisfactory. The median hospital 
stay of elderly patients with pneumothorax after surgery 
was only 5 days. Forty six patients (62.2%) were dis-
charged from hospital within 6 days. In elderly patients, 
only a few days in bed can lead to a decrease in ADL. 
Therefore, for such patients, early ambulation around the 
bedside and prompt removal of the chest tube is impor-
tant for preventing any decrease in their ADL. At our in-
stitution, all patients with pneumothorax underwent tho-
racoscopic surgery, which is less invasive and thus allows 
prompter resolution of surgical stress. VATS is also re-
ported to allow good respiratory function to be main-

Table 3　Univariate analysis of preoperative laboratory and clinical data for prolonged hospitalization

 
standard value

 postoperative  postoperative  
p

  hospitalization <7days hospitalization ≥7days

Total protein (g/dl) (6.7–8.3) 7.3 ± 0.8 6.7 ± 0.8 0.0038
Sodium (mEq/l) (138–146) 140.1 ± 3.7 138.0 ± 2.7 0.0055
APTT (sec) (20–35) 28.6 ± 4.0 30.5 ± 4.8 0.0881
BMI (kg/m2) n = 57  20.8 ± 3.4 19.2 ± 3.4 0.1235
Preoperative drainage periods (days)  3.5 ± 4.5 8.6 ± 7.4 0.0035

Fig. 1 Correlation between preoperative serum total protein and sodium levels and preoperative drain-
age period. The correlation between preoperative drainage periods and preoperative serum 
sodium and total protein levels were weak but significant. (vs serum sodium level; correlation 
coefficient = −0.303, p = 0.0044, vs serum total protein level; correlation coefficient = −0.368,  
p = 0.0129)
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tained in the acute phase after thoracic surgery.10) Thora-
coscopic surgery may thus minimize any decrease of 
ADL after surgery and reported to shorten the duration 
of tube drainage and length of post-operative hospital 
stay after surgery for spontaneous pneumothorax.10–16) 
From our and these results, VATS was safe and effective 
for the treatment of secondary pneumothorax even in el-
derly patients.

In the present series of 73 patients, fistulas or bullas 
causing pneumothorax were not found in 6 patients. Tho-
racoscopic surgery is disadvantageous for detection of a 
fistula in a fully inflated lung because the working space 
in the thoracic cavity is limited, and this creates blind 
areas. Moreover, patients with pneumothorax usually 
have emphysematous lungs and the lung volume is exces-
sive, making it difficult to create a sufficient working 
space to search for a fistula during thoracoscopic surgery. 
Horio and colleagues also demonstrated that VATS pro-
cedures allow a less extensive exposure of the chest cavity 
for the detection and resection of bullae compared to 
open thoracotomy procedures.12) The average length of 
postoperative hospitalization for these 6 patients was 9.3 
days, which was longer than for the other patients, but not 
significantly (9.3 +/−6.6 days vs 7.4 +/−9.3 days, p = 
0.1149). Certain closure of the fistula at surgery may be 
advantageous for early discharge from hospital. Advances 
in surgical techniques for creating an effective working 
space in the thoracic cavity may lead to a better surgical 
outcome. 

In this series, preoperative low serum levels of total 
protein and sodium were correlated with longer hospital-
ization after surgery. Also, a longer preoperative drainage 
period was correlated with longer hospitalization. The 
preoperative drainage period showed a reverse correlation 
with the preoperative total protein and sodium levels, the 
former becoming longer as the latter became lower. Low 
serum total protein and sodium levels indicate a state of 
hyponutrition and a poor general condition. Thus, any 
delay in performing surgery may worsen a patient’s con-
dition and prolong the hospital stay after surgery. An 
early decision to perform surgery may prevent a long pe-
riod of hospitalization after surgery. In the guidelines for 
the treatment for secondary pneumothorax, consultation 
to a surgical department should be considered if medical 
treatment has failed after 3–5 days of chest drainage.17,18) 
From the present results, we suggest that if patients have 
sufficient cardiopulmonary function for general anesthe-
sia, then an early decision to perform surgical treatment 
will lead to a better outcome. 

In this study, 2 patients died after surgery and before 
discharge. One was a severely underweight 82-year-old 
male with diabetes mellitus and old tuberculosis, and the 
other was a patient with interstitial pneumonitis and 
Aspergillus infection. Both patients had low total protein 
and sodium levels preoperatively, and their preoperative 
drainage periods both exceeded 7 days. Although these 2 
patients were considered to have a high risk for general 
anesthesia, medical treatment failed and surgery was per-
formed because no other alternative treatment was avail-
able. Because endobronchial Watanabe spigot emboliza-
tion, thoracographic fibrin glue sealing method and tho-
racoscopic operation under epidural anesthesia have been 
reported to be effective for the treatment of complicated 
pneumothorax,19,20) these approaches might have been 
feasible for these 2 patients. 

Conclusion

Patients with interstitial pneumonitis and pulmonary 
infection, and preoperative low serum levels of total pro-
tein and sodium were the risk factors for longer hospital-
ization after VATS surgery of secondary pneumothorax 
in elderly patients. Also, a longer preoperative drainage 
period was correlated with longer hospitalization. Al-
though VATS was safe and effective for elderly patients 
with secondary pneumothorax, surgical indications for 
patients with severe hyponutrition, interstitial pneumoni-
tis or pulmonary infection, especially Aspergillus infec-
tion should be considered carefully.
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