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ABSTRACT: The aim of this study was to analyse differences in efficacy and costs
in treating first time or recurrent spontaneous pneumothorax by conservative therapy (pleural drainage or observation) and video-assisted thoracoscopic surgery
(VATS).
Retrospectively, 112 patients treated by conservative therapy during 1985–1989
(Period 1) were compared with 97 patients treated by VATS during 1991–1994
(Period 2). Mean follow-up time in each period was more than 2 yrs.
Patients in both periods had comparable clinical characteristics. Irrespective of
first time or recurrent spontaneous pneumothorax at presentation, drainage and hospitalization times were longer, and complication and recurrence rates were higher
in Period 1. When costs due to the waiting time before VATS were excluded, the
total costs in Period 1 were higher than in Period 2.
Video-assisted thoracoscopic surgery is more effective in treating patients with
first time or recurrent spontaneous pneumothorax, with less morbidity and total
costs compared to conservative therapy. In view of cost-effectiveness, we feel that
a different management of first time or recurrent spontaneous pneumothorax is not
justified.
Eur Respir J., 1996, 9, 1821–1825.

Treatment of spontaneous pneumothorax is primarily
aimed to remove air from the pleural cavity and to reduce
the risk of possible recurrence [1]. To achieve these goals,
numerous therapeutic options are available, ranging from
simple observation to posterolateral thoracotomy with
bullectomy and pleurectomy. Invasive procedures are recommended if the size of the pneumothorax exceeds 15%
of the volume of the hemithorax, since the mean rate of
spontaneous re-expansion of collapsed lung is only 1.8%
per day, thus resulting in complete re-expansion without
invasive treatments only after several weeks [2].
Thoracotomy with bullectomy and pleurectomy provides the lowest recurrence rates, varying from 0–3.6%
[3–5]. However, treatment morbidity is high, in contrast
to pleural drainage which carries a recurrence rate up to
40% [1, 6, 7]. A relatively new approach is video-assisted
thoracoscopic surgery (VATS). All surgical procedures
which can be performed during thoracotomy are applicable during video-assisted thoracoscopy (VAT). VATS
has proven its efficacy, with low recurrence rates ranging 0–13% and low morbidity compared to thoracotomy
[8–14].
Usually, the choice of treatment depends on the patient's presentation with either a first time or recurrent spontaneous pneumothorax, the size of the pneumothorax,
and the presence and extent of blebs and bullae [1, 5,
15].
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There are no studies available comparing the outcomes,
complications, and costs between conservative therapy by
pleural drainage or observation, and surgical management
by VATS in patients with first time or recurrent spontaneous pneumothorax. Several previous studies have
reported different results concerning the advantages in
reducing health care costs by using video-assisted techniques in various lung diseases [16, 17].
The aim of this retrospective study was to analyse differences in efficacy and costs in treating first time or recurrent spontaneous pneumothorax by conservative therapy
(pleural drainage or observation) or by VATS.
Material and methods
Until 1991, it was common practice at our department
to treat patients with first time or recurrent spontaneous
pneumothorax by pleural drainage or observation. No
invasive procedures were performed if the size of the
pneumothorax did not exceed 15% of the volume of the
hemithorax and did not progress during observation. If
the size of the pneumothorax progressed during observation or exceeded 15% of the volume of the hemithorax
at presentation, pleural drainage was performed. Pleural
drains were removed when the lung had been completely
re-expanded and air leakage had ceased. Surgical treatment was performed if: air leakage persisted for more
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than 1 week; complications occurred requiring surgical
intervention; or the pneumothorax relapsed. Surgical therapy consisted of axillary thoracotomy with bullectomy
and pleural abrasion.
From 1991, all patients with first time or recurrent spontaneous pneumothorax were treated by VATS. VATS was
performed in the operating room by a surgeon during
general anaesthesia with double lumen intubation, multiple ports of entry and disposable instruments. If no blebs
or bullae were present, pleurodesis was performed by
talc poudrage. If blebs were present and bullae were
smaller than 2 cm, blebectomy and bullectomy were performed by electrocautery and pleurodesis by talc poudrage. These blebs and bullae were considered small. If
bullae were larger than 2 cm, bullectomy was performed
with a stapling device (Autosuture Multifire EndoGIA®
3.5) and pleurodesis by pleural scarification. These bullae were considered large. Results of this approach have
been published previously [10, 18, 19].

Data collection
The medical records of all patients with first time or recurrent spontaneous pneumothorax admitted to our department during the periods 1985–1989 (Period 1) and
1991–1994 (Period 2) were retrospectively reviewed.
The following variables were recorded during both periods: primary treatment (observation or pleural drainage
in Period 1, VATS in Period 2); complications; treatment
of complications requiring intervention, such as drain dysfunction; persistent air-leakage; drainage time; and hospitalization time. Drainage time was the total time during
which a pleural drain was present in order to re-expand
the lung after primary treatment and, if necessary, after
treating complications. Hospitalization time consisted of
the time before primary treatment ("waiting time") and
time after the primary treatment.
Follow-up was obtained by review of clinic records
and telephone contact with the general practitioner or the
Table 1. – Tariffs (expressed in Dutch Florins) of the
COTG (Government Health Insurance Tariff, April 1, 1995)
used for the declaration of the therapeutic approaches
by the hospital and the physician at the social health
insurance fund and the private health insurance funds
during both periods
Tariffs (Dutch Florins)
SHIF
PHIF
Hospitalization per day
Pleural drainage
VAT with talc poudrage*
VATS with talc poudrage
with or without coagulation**
VATS with bullectomy**
Thoracotomy with bullectomy
pleural abrasion**

763.00
623.16
863.56
903.37

709.00
648.00
998.00
1103.00

2498.82
2459.01

2725.00
2620.00

*: local anaesthesia; **: general anaesthesia; tariffs declared
by the anaesthesiologists are included. SHIF: social health insurance fund; PHIF: private health insurance fund; VAT: videoassisted thoracoscopy; VATS: video-assisted thoracoscopic
surgery.

patient. Costs were based on tariffs (expressed in Dutch
florins) of the COTG (Government Health Insurance Tariff, April 1, 1995). Table 1 shows the tariffs of the COTG
used for the declaration of the therapeutic approaches.
The compound tariff was used to calculate the total costs
during each period. The compound tariff is expressed as
the sum of the weighed mean of the tariff declared by
the physician at the social health insurance fund (70%)
and private health insurance funds (30%), and the tariff
declared by the hospital to cover expenses [20]. The total
costs were expressed as the sum of costs of hospitalization time, of primary treatment and of treatment of complications. Hospitalization time during the period of
treating recurrences had to be excluded because several
patients were treated at other clinics.

Statistics
Differences of patient characteristics, complication rates,
recurrence rates, drainage time, waiting time, hospitalization time and costs, between both periods and between
patients with first time or recurrent spontaneous pneumothorax in each period were analysed by unpaired ttests and Chi-squared tests. A p-value of less than 0.05
was considered to be statistically significant.

Results
Patients and treatments
During periods 1 and 2, 112 patients and 97 patients,
respectively, were admitted for first time or recurrent
spontaneous pneumothorax. Patients with known underlying pulmonary disease were excluded. Table 2 shows
the patient characteristics, which were similar in both
groups.
During Period 1, 103 patients were treated with pleural
drainage and 10 patients with observation. One patient
was treated twice with pleural drainage because of contralateral pneumothorax.
During Period 2, all patients underwent VATS. Four patients were treated twice because of contralateral pneumothorax. Fifty patients were treated with talc poudrage,
combined in 25 patients with electrocautery of small
blebs and bullae. Fifty one patients were treated with
bullectomy and pleural scarification.
Table 2. – Patient characteristics
Period 1
Patients n
Age yrs
Sex M/F
Smokers n
Recurrent SP n

112
35±14
88/24
69
33

Period 2
97
33±14
74/23
67
27

p-value
NS*
NS**
NS**
NS**

*: significance of unpaired t-tests; **: significance of Chisquared tests. NS: not significant; SP: spontaneous pneumothorax; M: male; F: female.
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Table 3. – Complications of all patients in both periods
Period 1
(n=112)

Period 2
(n=97)

p-value*

Recurrent SP
Drain dysfunction
Atelectasis
Pneumonia
Empyema
Re-expansion oedema
Other

21
9
0
2
1
0
0

4
5
2
2
0
2
3

0.002

Total

33

18

0.05
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Table 5. – Costs (expressed in Dutch Florins) per patient
based on the compound tariff of treatments of patients
with SP during Periods 1 and 2
Costs (Dutch Florins)
Period 1
Period 2

p-value*

NS
NS
NS
NS
NS
NS

Primary treatment
586±182
Hospitalization time +9629±7849
Complications
+872±1165

2403±805
+7926±3006
+91±395

<0.0001
0.03
<0.0001

Subtotal
Waiting time

11087±7275
-588±2239

10420±3452
-4558±3013

<0.0001

Total costs

10499±7723

5862±3013

<0.0001

NS

*: significance of Chi-squared tests. SP: spontaneous pneumothorax; NS: not significant.

*: significance of unpaired t-tests.
taneous pneumothorax.

Complications

Hospitalization time was significantly longer in Period
1 compared to Period 2 (p=0.03). Taking into account
the waiting time in Period 2 (4.4±2.5 days), this difference became even larger (p<0.0001).
Patients with first time or recurrent spontaneous pneumothorax showed similar hospitalization time in each
period.

Table 3 shows the complications of all patients in both
periods. The complication rate in Period 1 (29%) was
significantly higher than in Period 2 (18%) (p=0.05). There
were no differences in complication rates between patients with first time and recurrent spontaneous pneumothorax in each period.
Follow-up could be obtained in 78 patients of Period
1 and of all patients in Period 2. The follow-up time of
patients in Period 1 (96±18 months) was significantly longer than that of patients in Period 2 (29±10 months) (p<
0.0001). Therefore, three kinds of recurrence rates in both
periods were calculated: 1) overall recurrence rate after
the total follow-up time; 2) one year recurrence rate after
follow-up of 1 yr; 3) two year recurrence rate after follow-up of 2 yrs. In Period 1 and Period 2, the overall
recurrence rate was 27 and 4%, respectively, the one year
recurrence rate was 19 and 3%, respectively, and the
two year recurrence rate was 22 and 4%, respectively,
(p=0.001). Four of the 10 patients who were treated with
observation in Period 1 had adequate follow-up. Two of
these patients experienced recurrences.
In each period, the recurrences were proportionally
divided amongst the patients with first time or recurrent
spontaneous pneumothorax at presentation.
Drainage time, waiting time and hospitalization time
Table 4 shows the waiting time, drainage time and
hospitalization time during each period. Drainage time
of patients in Period 1 was significantly longer compared to patients in Period 2 (p<0.0001).
There were no differences of drainage time between patients with first time and recurrent spontaneous pneumothorax in each period.
Table 4. – Waiting time before primary treatment, drainage
time and total hospitalization time during Periods 1 and 2

Waiting time days
Drainage time days
Hospitalization time days

Period 1
(n=112)

Period 2
(n=97)

p-value*

0.8±3.0
9.4±6.9
13±10

4.4±2.5
4.4±2.6
11±4

<0.0001
<0.0001
0.03

*: significance of unpaired t-tests.

NS:

not significant; SP: spon-

Treatments of complications
Thirty two thoracotomies were performed during Period
1 for treating complications; 12 times for recurrent pneumothoraces and 20 times for persistent air-leakage. All
other recurrences were treated by pleural drainage. None
of the patients treated with thoracotomy experienced a
recurrence.
Only one thoracotomy was performed during Period 2
for the treatment of a recurrent pneumothorax. One recurrence was treated with observation, one with drainage
and one with repeated VATS. None of these patients had
recurrence of the pneumothorax.
Costs
Table 5 shows the costs per patient, based on the compound tariff. If the costs for the waiting time in Period 2
were subtracted, the total costs in Period 1 were significantly higher than in Period 2, irrespective of the presentation
with first time or recurrent spontaneous pneumothorax
(p<0.0001). Treatment of patients in Period 2 was 44%
cheaper than treatment of patients in Period 1, when the
costs for the waiting time were not considered.
Costs (Dutch Florins) of treating recurrences in Period
1 (1,882±1,103) and Period 2 (1,497±1,345) were not
significantly different.
Discussion
Today, the choice of treatment of patients with spontaneous pneumothorax depends on the patient's presentation with a first time or recurrent pneumothorax, the size
of the pneumothorax, and the presence and extent of blebs
and bullae [1, 5]. However, debate continues concerning
which treatment modality is most appropriate in any of
these patients [2, 8, 21, 22]. The British Thoracic Society
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has published guidelines for the immediate and subsequent management of patients with spontaneous pneumothorax presenting to casualty departments [22]. Although
pleural drainage had been standard treatment of pneumothorax, the guidelines were partly devised to avoid
the insertion of poorly functioning intercostal tubes by
inexperienced junior doctors. No distinction was made
between patients with first time and recurrent spontaneous pneumothoraces and between patients without and
with blebs and bullae.
Adequate removal of air from the pleural cavity and
prevention of possible future recurrences are the main goals
of any treatment in patients with spontaneous pneumothorax [1]. Conflicting opinions exist concerning what recurrence rate is acceptable after treating a spontaneous
pneumothorax [15]. Which treatment is ultimately chosen
depends on several factors, such as efficacy, morbidity,
availability and costs of therapeutic modalities present in
the clinic. Currently, cost-effectiveness is becoming more
and more important for the choice of treatment in many
situations.
In our retrospective study, it was possible to analyse
the cost-effectiveness of two different treatment strategies
in the management of first time and recurrent spontaneous pneumothorax. During the first period, conservative treatment, consisting of pleural drainage or observation
and during the second period VATS was performed in
all patients with spontaneous pneumothorax, irrespective
of first time or recurrent spontaneous pneumothorax at
presentation. Patients in both treatment periods were comparable regarding age, presentation with first time or
recurrent spontaneous pneumothorax, and other risk factors for contracting a pneumothorax such as sex of the
patient and smoking behaviour [1, 23, 24].
In the past, pleural drainage, simple aspiration and the
use of a flutter valve proved to be safe, with minor sideeffects [6–8, 25–27]. However, recurrence rates were
rather high, varying from 11% after aspiration up to 36%
after pleural drainage. In our study, we confirmed this
finding, demonstrating a recurrence rate of 27% after
pleural drainage or observation. Even after a follow-up
time of 1 and 2 yrs, the recurrence rates after conservative treatment were significantly higher than after VATS.
As stated in the literature [8–10], our study showed that
VATS is more effective with a recurrence rate of 4%,
less complications, shorter drainage and hospitalization
time than pleural drainage or observation.
In view of the high recurrence and complication rate
after pleural drainage or observation, one may doubt the
efficacy of this strategy, because all patients with recurrences of spontaneous pneumothorax had to be admitted
once again to the hospital for subsequent treatment, consisting of renewed drainage and even thoracotomy in 43%
of the cases. On the other hand, one might argue that
VATS is overtreatment in all patients that would not have
experienced a recurrence after conservative treatment.
Based on the tariffs used in The Netherlands, costs of
treatment per patient were not significantly different during both periods. However, in our hospital, the waiting
time before VATS was responsible for a considerable
part of the total cost of the surgical management. The
waiting time, which is an important problem in many
Dutch hospitals, is caused by a shortage of available
operating time and financial budget. If waiting time could

have been reduced, VATS might have been 44% cheaper than the conservative approach. The longer hospitalization time and higher complication rate were mostly
responsible for the total costs of the conservatively treated patients.
Another factor influencing the total costs of VATS is
the use of expensive disposable stapler devices necessary
for bullectomy. However, the need for bullectomy in patients with spontaneous pneumothorax is questionable. Recently, we found that recurrences were not related to the
presence and extent of blebs and bullae [18]. Therefore,
effective pleurodesis plays a more prominent role in treating patients with spontaneous pneumothorax than bullectomy. Since talc poudrage can be performed during
VAT under local anaesthesia in the endoscopy suite, this
would result in further reduction of total costs [15]. If
all patients with spontaneous pneumothorax had been
treated with talc poudrage during VAT, this would have
resulted in an additional 62% reduction of the treatment costs actually calculated for patients treated with
VATS.
One of the indications to perform invasive procedures
in spontaneous pneumothorax, such as pleural drainage
with pleurodesis, VATS or even thoracotomy, is believed
to be recurrent spontaneous pneumothorax at presentation
[1, 5, 15]. However, in our study we could not find significant differences in recurrence rate, complication rate,
drainage time, hospitalization time and total costs between
patients with first time and recurrent spontaneous pneumothorax in each period. Therefore, in view of costeffectiveness; we feel it is not justified to treat patients
with first time spontaneous pneumothorax in a different
and less effective way than patients with recurrent spontaneous pneumothorax.
In conclusion, video-assisted thoracoscopic surgery is
more effective in treating patients with first time or recurrent spontaneous pneumothorax, with less morbidity and
total costs compared to conservative treatment by pleural drainage or observation.
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