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Management of spontaneous pneumothorax:

state of the art
J-M. Tschopp*, R. Rami-Porta#, M. Noppen" and P. Astoul+

ABSTRACT: Spontaneous pneumothorax remains a significant health problem. However, with

time, there have been improvements in pathogenesis, diagnostic procedures and both medical

and surgical approaches to treatment.

Owing to better imaging techniques, it is now clear that there is almost no normal visceral

pleura in the case of spontaneous pneumothorax, and that blebs and bullae are not always the

cause of pneumothorax. In first episodes of primary spontaneous pneumothorax, observation and

simple aspiration are established first-line therapies, as proven by randomised controlled trials.

Aspiration should be better promoted in daily medical practice. In the case of recurrent or

persistent pneumothorax, simple talc poudrage under thoracoscopy has been shown to be safe,

cost-effective and no more painful than a conservative treatment using a chest tube. There are

also new experimental data showing that talc poudrage, as used in Europe, does not lead to

serious side-effects and is currently the best available pleural sclerosing agent.

Alternatively, surgical techniques have considerably improved, and are now less invasive,

especially due to the development of video-assisted thoracoscopic surgery. Studies suggest that

video-assisted thoracoscopic surgery may be more cost-effective than chest tube drainage in

spontaneous pneumothorax requiring chest tube drainage, although it is more expensive than

simple thoracoscopy and requires general anaesthesia, double-lumen tube intubation and

ventilation.

Recommendations are made regarding the treatment of pneumothorax. In secondary or

complicated primary pneumothorax, i.e. recurrent or persistent pneumothorax, some diffuse

treatment of the visceral pleura should be offered, either by talc poudrage under thoracoscopy or

by video-assisted thoracoscopic surgery. Moreover, all of these new techniques should be better

standardised to permit comparison in randomised controlled studies.
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S
pontaneous pneumothorax (SP) is defined

as the presence of air in the pleural cavity.

It is divided into primary SP (PSP) and

secondary SP (SSP). SSP is associated with

underlying lung diseases such as cystic fibrosis,

chronic obstructive pulmonary disease (COPD),

AIDS, etc. There are, therefore, two distinct

epidemiological forms of SP, PSP, with a peak

incidence in young people, and SSP, with a peak

incidence in those aged .55 yrs [1].

Traumatic pneumothoraces (accidental or iatro-
genic) [2, 3] are not discussed here.

PSP remains a significant health problem, with an
annual incidence of 18–28 per 100,000 population
in males and 1.2–6.0 per 100,000 population in
females [4]. The annual incidence of SSP is 6.3 per
100,000 population in males and 2.0 per 100,000
population in females [5], with incidences vary-
ing over time, e.g. during the AIDS-related
Pneumocystis carinii pneumonia of the 1980s and
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1990s [6, 7]. The mortality of SP can be high, especially in older
subjects and those with SSP [6]. The course of SP remains
unpredictable, with a recurrence rate ranging 25–54% [5, 8].

This high recurrence rate stimulated the development of many
different therapeutic approaches (table 1), including medical
thoracoscopy, a simple and minimally invasive technique, and
thoracotomy and video-assisted thoracoscopic surgery (VATS),
requiring an operating theatre, three or four points of entry
and assisted ventilation with double-lumen tube intubation.
However, in order to prevent pneumothorax recurrences, all of
these techniques usually combine some kind of pleurodesis,
either chemical or mechanical, with pleural abrasion or
pleurectomy [9, 10].

CLINICAL MANIFESTATIONS AND PATHOPHYSIOLOGY

Primary spontaneous pneumothorax
Diagnosis of PSP is usually made by chest radiography in the
case of sudden chest pain and/or dyspnoea. Contrary to
common belief [4], physical activity does not play a role in PSP.
Diagnosis is not improved by expiratory chest radiography
[11]. Unlike in SSP, dyspnoea is a rare complaint unless there is
complete or tension pneumothorax. Smoking is an important
risk factor for PSP. The lifetime risk of developing pneumo-
thorax in smoking males is 12%, compared with 0.1% in
nonsmoking males [12, 13]. Recently the British Thoracic
Society (BTS) Pleural Disease Group strongly emphasised the
relationship between the recurrence of pneumothorax and
smoking in order to encourage young patients to stop
smoking [4].

The pathophysiology of pneumothorax remains unknown. The
general assumption that PSP is the result of rupture of bullae
has recently been debated [3]. In 1937, SATTLER [14] identified
bullae on the visceral pleura using thoracoscopy, and
concluded that air leakage leading to pneumothorax was
located in these bullae. Since then, surgical bullectomy has
been considered a necessary treatment of pneumothorax,
although histopathological analysis of surgically resected
subpleural blebs or bullae has not always demonstrated
defects responsible for the air leakage in the visceral pleura
or resected bullae [15, 16]. JANSSEN et al. [17] compared video
thoracoscopic findings in patients with a first episode with
those with recurrent PSP. They found no more blebs or bullae
in recurrent PSP, suggesting that blebs and bullae are not a
major risk factor for pneumothorax. As to the results of

bullectomy alone as a treatment of PSP, three studies, which
were not randomised, suggest that bullectomy without
additional pleurodesis or pleurectomy does not prevent
recurrence as effectively as combining the two techniques
[18–20]. The improvement in imaging using computed
tomography (CT) has shown diffuse and bilateral blebs in
patients cured of unilateral PSP [21, 22]. These changes are
generally called emphysema-like changes (ELCs). ELCs were
found on CTs in 81% of nonsmoking non-a1-antitrypsin-
deficient males with previous PSP, and in only 20% of age-
and smoking-matched control subjects without PSP [23]. These
smoking-related changes might be the site of lung tissue
destruction, and contribute to the occurrence of SP. However,
there is no proof that ELCs are the unique cause of
pneumothorax. Smoking provokes small airway disease, i.e.
bronchiolitis located in small airways. This may lead to a check
valve mechanism, with air trapped in small airways because of
the narrowed inflamed small airways. In the case of a higher
pressure difference, such as atmospheric pressure changes
[24], rupture leading to pneumothorax might occur in these
peripheral airways. More recently, NOPPEN et al. [25] described
a case of recurrent PSP in which no air leak or ELCs could be
demonstrated on the visceral pleura. Autofluorescence thor-
acoscopy allowed visualisation of extensive lung areas with
subpleural fluoresceine accumulation suggesting the presence
of substantial areas of lung parenchymal abnormality.

In summary, the location of the unique or diffuse sites of air
leakage leading to PSP is not known. Distal airway inflamma-
tion due to cigarette smoking seems to play a key role. ELCs
are diffuse, and bilateral subpleural changes are found in PSP.
Is the porosity of the visceral pleura increased in patients with
PSP compared to normal subjects, as suggested by OHATA and
SUZUKI [16]? Thus it is not surprising that the treatment of SP
remains the subject of ongoing debate. However, it seems
reasonable to assume that bullectomy of unruptured bullae has
not been proven to be necessary to prevent recurrence,
whereas pleurodesis, which produces a diffuse pleural
symphysis, might be effective against any of these potential
causes of pneumothorax.

Secondary spontaneous pneumothorax
Many diseases can provoke SSP (table 2). In COPD patients, its
incidence corresponds to the incidence of COPD in the general
population. SSP usually occurs with dyspnoea or respiratory
insufficiency, and can be life-threatening because of the poor
respiratory reserve of these patients [26, 27]. It often requires
immediate treatment. It is accompanied by ipsilateral chest
pain, hypoxaemia or hypotension, or even hypercapnia [28].
Pneumothorax should always be excluded in the case of
decompensated COPD or cystic fibrosis [29]. Diagnosis is by
postero–anterior chest radiography. In the case of doubt, the
diagnosis should always be confirmed by a CT scan [30] as it
might be harmful to delay treatment of SSP, at least with a
chest tube.

As with PSP, the pathophysiology of SSP is multifactorial and
remains poorly understood. As recently stated, air enters the
pleural space through ruptured alveoli as a result of peripheral
lung necrosis, as in P. carinii pneumonia [31]. However, not
only P. carinii pneumonia but also pulmonary tuberculosis
enhance the risk of pneumothorax in AIDS patients [32].

TABLE 1 Therapeutic options in cases of primary
spontaneous pneumothorax, from conservative
treatment to more invasive therapies

Conservative Intermediate Invasive

Observation Pleurodesis Pleurectomy

Conservative treatment Cauterisation Bullectomy

Aspiration Pleural abrasion VATS

Tube drainage Thoracotomy

Medical thoracoscopy

VATS: video-assisted thoracoscopic surgery.
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Catamenial pneumothorax is a special case of SSP occurring in
young females. Interestingly, a prospective study showed that
endometriosis could easily be found on the diaphragm but less
frequently on the visceral pleura [33].

With incomplete knowledge of the pathophysiolgy of pneumo-
thorax, there is considerable controversy concerning its best
treatment. However, all agree that there are two aims when
treating pneumothorax: 1) to remove air from the pleural space
if necessary (PSP is rarely a medical emergency), and 2) to
prevent recurrence of pneumothorax, whatever the method.
Not every patient with a first episode of pneumothorax should
be treated by air removal unless there is a large pneumothorax
with a symptomatic patient. If air removal is justified, three
randomised controlled trials have convincingly shown that
simple aspiration is equally as effective as traditional chest
tube drainage [34–36], with an immediate success rate of
,80%. It should, therefore, be proposed as a first-line therapy
in uncomplicated first episodes of pneumothorax (fig. 1). For
simple observation, the authors are not aware of any large
study that has attempted to measure its success rate.

TREATMENT BY PLEURODESIS WITH OR WITHOUT
THORACOSCOPY
There are broad variations in the management of recurrent SP,
depending on the specialty of the responsible physician and
the availability of therapeutic options, including VATS [37].
The SP management guidelines of the British Thoracic Society
[4, 38] and American College of Chest Physicians (ACCP) [39]
are poorly used in clinical practice [40, 41].

There is good consensus and clinical evidence that PSP
recurrence prevention should be proposed after a first

recurrence, especially in patients with professional risks [42].
Thus it is recommended by most physicians after the first
episode in the case of SSP [4, 39]. However, the optimal
procedure for preventing such recurrences remains controver-
sial mainly due to the lack of large randomised prospective
controlled studies comparing various recurrence prevention
methods, i.e. VATS bullectomy plus pleurodesis versus simple
talc poudrage under thoracoscopy. The role of simple
thoracoscopy in the treatment of SP is discussed here.

PRIMARY SPONTANEOUS PNEUMOTHORAX
The therapeutic challenge in the management of PSP is to
prevent recurrence, which occurs particularly frequently after
a second episode [3, 5, 8]. A randomised study comparing the
recurrence of pneumothorax after drainage alone with that
after drainage plus tetracycline or talc found recurrence rates
of 36, 13 and 8%, respectively [43]. More recently, in a
multicentric randomised study, the European Study on
Medical Video-Assisted Thoracoscopy compared recurrence
rates in patients with PSP treated by simple pleural drainage
versus thoracoscopic talc poudrage. They found recurrence
rates of 34 and 5%, respectively, after a thorough follow-up of
5 yrs in both groups [44]. Moreover, pain during and 1 month
after hospitalisation, as well as working incapacity, were not
higher in the thoracoscopic talc poudrage group (fig. 2). The
same was true for the total costs of this procedure compared to
chest tube drainage, even if the authors did not take into
account the higher cost of rehospitalisation in those patients
only conservatively treated by chest tube.

After a first recurrence, the likelihood of subsequent recur-
rences increases progressively, up to 62% for a second
recurrence and 83% for a third [45]. Such high recurrence
rates, especially after a second episode, have stimulated the
search for better techniques that achieve effective pleural
symphysis, taking into account the fact that CT or thoraco-
scopic evidence of bullae during evaluation of SP is not
predictive of recurrence, and do not provide the basis for
decisions regarding surgical resection of ELCs [17, 29, 46].

Mechanisms of pleurodesis
Pleurodesis for the management of SP is intended to achieve
symphysis between parietal and visceral pleura and to prevent

TABLE 2 Aetiology of secondary spontaneous
pneumothorax

Airway disease

Chronic obstructive pulmonary disease

Cystic fibrosis

Acute severe asthma

Infectious lung disease

Pneumocystis carinii peumonia

Tuberculosis

Necrotising pneumonia

Interstitial lung disease

Sarcoidosis

Idiopathic pulmonary fibrosis

Histiocytosis X

Lymphangioleiomyomatosis

Connective-tissue disease

Rheumatoid arthritis

Ankylosing spondylitis

Polymyositis/dermatomyositis

Scleroderma

Marfan’s syndrome

Ehlers-Danlos syndrome

Cancer

Lung cancer

Sarcoma

FIGURE 1. Simple aspiration as first-line effective therapy in uncomplicated

episodes of primary spontaneous pneumothorax.
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relapse of pneumothorax. Mechanical pleural abrasion or
pleurectomy can damage the mesothelial layer and achieve
symphysis. However, it is known from more recent studies
that the mesothelium itself can act as the initiator of the
biological cascade leading to fibrinogenesis [47]. The cellular
and molecular mechanisms involved in pleurodesis include:
activation of the coagulation cascade of the pleura; fibrin
deposition; fibroblast recruitment, activation and proliferation;
and collagen deposition [48]. These mechanisms leading to
pleurodesis may be specific to the agent used, but there is a
common final pathway in the mesothelial cells themselves,
activating the pleural coagulation cascade, resulting in fibrin
networks and proliferation of fibroblasts. The exact patho-
genetic mechanism and factors that influence the outcome of
pleurodesis are not well known. However, it is clear that the
sclerosing agent must reach the maximum possible surface
area of normal mesothelium in order to obtain the best pleural
symphysis. This is also the reason why much lower doses of
sclerosing agent are required to induce pleurodesis in
pneumothorax (in which the mesothelial surface is almost
completely preserved) than in malignant pleural mesothelioma
[48].

Pleural abrasion
There are few studies regarding pleurodesis, performed by
mechanical gauze abrasion, alone without treatment of ELCs.
A study carried out on mongrel dogs compared various
methods of pleurodesis, e.g. tetracycline, talc poudrage,
mechanical abrasion, neodymium/yttrium-aluminium-garnet
laser photocoagulation and argon beam electrocoagulation of
the parietal pleura. At the 1-month evaluation, mechanical
abrasion was the only method of pleural symphysis compar-
able with talc poudrage [49]. The anatomical and histopatho-
logical results of four different methods of pleurodesis (talc
poudrage, talc slurry, focal gauze abrasion by limited
thoracotomy and mechanical abrasion by thoracoscopy using
a commercially available pleural abrader) were measured in an
animal model (dogs). Pleurodesis scores (on a scale of 0–4)
were 3.0¡0.7 for talc poudrage (p,0.05 compared with talc

slurry), 2.2¡1.7 for thoracotomy and 1.6¡1.1 for talc slurry.
Adhesions produced by gauze abrasion during thoracotomy
were mostly peri-incisional, and abrasion using the pleural
abrader was unsatisfactory [50].

Intrapleural instillation of sclerosing agents
The ideal pleural sclerosing agent for management of recurrent
PSP should be effective, easily administered, safe, inexpensive
and widely available. The most commonly used have included
antibiotics (tetracyclines), silver nitrate (SN) and talc prepara-
tions. However, experimental studies on animals have shown
tetracyclines to be less efficient than talc preparations at
inducing pleurodesis [49], and are no longer available [51].
Erythromycin could be a potential candidate as a pleural
sclerosant but this requires further clinical trials [52].

SN has shown superiority as a sclerosing agent in experimental
studies, compared with tetracycline [53] and talc slurry [54, 55].
In a clinical study comparing SN and tetracycline pleurodesis,
there were no differences in recurrence frequency, but the SN
group exhibited prolonged hospitalisation and more side-
effects [56], probably due to the systemic inflammatory
response involving increased lactate dehydrogenase, interleu-
kin (IL)-8 and vascular endothelial growth factor production
[57]. Recently, intrapleural injection of SN into rabbits
produced a more intense acute pleural reaction than intra-
pleural talc slurry, with higher white blood cell and IL-8 levels
in pleural fluid, mainly within the first 6 h. Macroscopic and
microscopic pleurodesis scores were significantly greater in
rabbits that received SN. However, the distribution of thick
and thin collagen fibres did not differ between the two groups
[57]. Taking into account the fact that two rabbits developed
haemothorax and six developed atelectasis, further experi-
mental studies are required in order to better define the correct
SN dosage. Moreover, experimental and clinical studies are
required to compare intrapleural SN injection with talc
poudrage in the macroscopically and microscopically obtained
symphysis and also the cytokines involved and process of
fibrogenesis [58].

Pleurodesis via a chest tube
Administration of a sclerosing agent via a chest tube is an
acceptable approach for pneumothorax prevention in patients
wishing to avoid surgery, and for those patients with increased
surgical risk (e.g. severe comorbidity or uncontrollable bleed-
ing diathesis) [37, 39]. Success rates using tetracycline,
minocycline, doxycycline and talc slurry are intermediate
between those obtained with chest tube drainage alone and
thoracoscopic treatment [59, 60].

After dilution in isotonic saline, talc may be administered into
the pleural space via a chest tube (talc slurry) or by talc
poudrage via thoracoscopy. Although talc slurry is a com-
monly employed technique, there are several drawbacks,
including prolonged pleural drainage and inhomogeneity of
talc deposition in the pleural space following talc slurry
instillation [61, 62]. The distribution of talc slurry may lead to
loculation and incomplete symphysis. Its major advantage is
simplicity as it can be performed at the bedside. However,
other practical issues should be discussed when considering
talc slurry administration. Standardisation of talc administra-
tion via chest tube is problematic since physicians use varying
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FIGURE 2. Visual analogue scale (VAS) pain score for thoracoscopic talcage

(h) and pleural drainage (&) during and after each procedure. Data are presented

as mean¡SD. Pain was not significantly higher after thoracoscopic talcage than

pleural drainage provided use of opioids in both groups. Adapted from [44].
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doses of talc and isotonic solutions, with or without drain
clamping, and poor control over the amount of talc left in the
chest tube. When considering the distribution of talc, the
techniques utilised are also quite variable. Some physicians
believe that talc is automatically distributed uniformly within
the pleural space, whereas others suggest that patients should
be rotated in order to distribute the talc more evenly [63]. All of
these questions remain controversial.

Talc pleurodesis via thoracoscopy
Talc remains the most inexpensive and efficient agent for
pleurodesis [44, 49, 50, 61]. Except in the USA, sterile asbestos-
free talc is widely used to prevent SP recurrences [44, 64–68].
As with the other agents, chest pain and fever are the most
common minor adverse effects. Among acute side-effects,
respiratory failure and death have been described following
talc poudrage or slurry [69–72].

In a comprehensive review of the literature, SAHN [73] found
acute respiratory failure in 0.15% (one out of 659) of patients
treated with talc poudrage for pneumothorax [74]. Although
there are multiple possible causes, related or unrelated to talc
particles, of the development of such respiratory failure
following pleurodesis, it has been postulated that intrapleural
talc moves into the parietal pleural lymphatics and is
transported to the mediastinal lymph nodes and thoracic duct,
where it enters the systemic circulation, resulting in a systemic
inflammatory process leading to acute respiratory distress
syndrome [57].

In an experimental animal study, WEREBE et al. [75] showed
that systemic absorption of talc occurs. However, the elemen-
tary composition and size distribution of talc particles differs
from one mine to another, and this could result in differences
in pleural permeability and systemic dispersion of particles
after intrapleural injection [76]. More recently, another experi-
mental animal study using calibrated talc for pleurodesis and
repeating the same protocol did not show any systemic
dissemination of talc particles (fig. 3) [75, 77].

Another explanation for such a systemic inflammatory reaction
could be the transpleural transfer of talc inducing lung
inflammation, as shown with talc slurry in animal models
[78]. However, as these experimental results were obtained in
small animals, and may be due to different variations in the
visceral pleura, it would be premature to extrapolate them to
humans. Moreover, the technique of intrapleural instillation of
talc seems to be questionable: talc slurry is a blind method for
pleural symphysis, delivering a sclerosing agent under high
pressure, which can damage pleura and regional organs (lung,
pericardium, diaphragm, mediastinum, etc.) and allows sys-
temic dissemination of talc.

Another possible mechanism could be a systemic inflamma-
tory response induced by intrapleural production of cytokines
absorbed by the systemic circulation [57].

However, a recent study in humans compared mixed talc
(most particles ,15 mm, corresponding to the talc commonly
used in the USA and UK) first with tetracycline and then with
graded talc (most particles .25 mm, corresponding to the
European standard) and clearly showed that mixed talc
produced more systemic inflammation, as measured by

hypoxaemia, contralateral lung inflammation and C-reactive
protein, than tetracycline. When comparing mixed talc with
graded talc, they found the same results, showing that graded
talc induces significantly less systemic effects. This strongly
suggests that the graded talc currently in use in Europe
induces less morbidity, and explains why side-effects have
almost never been described by European physicians who
have been performing talc poudrage by thoracoscopy for
.70 yrs [79].

Although talc remains in the pleural space for a long time after
administration, there appear to be relatively few long-term
effects, in particular impairment of lung function [65, 80].

SECONDARY SPONTANEOUS PNEUMOTHORAX
The occurrence of SSP in patients with underlying disease,
such as COPD, may be life-threatening. Hospitalisation is often
necessary. Some treatment, such as chest tube insertion and
pleurodesis, is mandatory, especially after a first episode [39,

a)

b)

FIGURE 3. Photomicrographs showing talc pleurodesis in goats: a) trichrome

staining; and b) polarised light. Calibrated talc, as currently used in Europe,

produces tight pleurodesis without systemic dissemination of talc (courtesy of P.

Astoul). The left- and right-hand horizontal arrows indicate the thickness of the

parietal and visceral pleura, respectively, and the other arrows talc particles inside

the pleural symphysis.
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81]. As much as 40–50% of these patients will undergo a
second and dangerous episode of pneumothorax if pleurodesis
is not performed [46]. A thoracoscopic approach (medical or
surgical) with pleurodesis (pleural abrasion, partial pleurect-
omy or talc poudrage) is generally preferred over instillation of
a sclerosing agent through a chest tube [82]. Recently, LEE et al.
[83] showed that talc poudrage under thoracoscopy is safe,
even in patients with advanced COPD, confirming previous
studies [84, 85].

However, there are no randomised controlled trials addressing
management of SSP. Considering the importance of SP in
patients with underlying diseases, in particular COPD, multi-
centric trials are needed to perform formal decision analyses,
and assess the value of different management approaches [86].

SURGICAL TREATMENT OF SPONTANEOUS
PNEUMOTHORAX
Surgical treatment by thoracotomy used to be the last
therapeutic resort for SP that could not be treated by lesser
procedures, such as observation, manual aspiration, drainage
or thoracoscopy. It was the treatment of choice for recurrent
ipsilateral or contralateral pneumothorax, or pneumothorax
with persistent air leak, bilateral synchronous pneumothorax
or pneumothorax occurring in persons whose professions
resulted in exposure to atmospheric pressure changes, pilots
and scuba-divers, for example. The surgical approach was
through either standard posterolateral thoracotomy, or, more
frequently, smaller incisions. The therapeutic procedure con-
sisted of resection of lung lesions, blebs and bullae, and some
sort of pleural procedure: partial or complete pleurectomy,
pleural abrasion, or chemical pleurodesis. Recurrence rates
with these procedures in large series of patients after a follow-
up of f20 yrs used to be 3–4% [87, 88].

In the early 1990s, the adaptation of most surgical instruments
for endoscopic use, and the improvement and miniaturisation
of video cameras, introduced radical changes in surgical
practice. A new technique, called VATS, retained all the
diagnostic and therapeutic potential of traditional thoraco-
scopy, but allowed the surgeon to perform the same

intrathoracic procedures that would be performed through
thoracotomy, thus widening enormously the range of
therapeutic indications for the endoscopic approach. The
endoscopic staplers proved very useful in the treatment of
SP, as resection of apical lesions could be carried out easily
(fig. 4). This led to a shift towards VATS treatment of SP. Open
procedures have been progressively abandoned and reserved
for exceptional cases. This is evident when searching for
indexed references; most reports on surgical treatment of SP
since the mid-1990s deal with VATS. Thoracotomy is seldom
reported. A survey among members of the ACCP showed that,
in all situations that required surgical treatment for both PSP
and SSP, practicing American pulmonologists and thoracic
surgeons preferred the video thoracoscopic approach [89]. In
2001, a Delphi study among members of the ACCP again
showed a preference for VATS procedures over thoracotomy
with very good consensus [39]. However, the latest BTS
guidelines consider thoracotomy and pleurectomy the proce-
dures of choice, as they show the lowest recurrence rate, and
consider VATS procedures an alternative strategy due to the
lack of large controlled clinical trials [4].

Surgical management by thoracotomy
Although standard posterolateral thoracotomy is still used to
treat SP [90], recent reports show that there is a preference for
smaller incisions: axillary thoracotomy [91, 92], anterior
thoracotomy [93], muscle-sparing lateral thoracotomy [94],
and a variety of posterior, lateral and axillary mini-thoracot-
omy procedures [95]. Midsternotomy for simultaneous treat-
ment of both lungs is performed in ,1% of cases [95].

The operation is performed under general anaesthesia. The
intrathoracic procedure consists of excision of blebs and bullae,
usually by stapling, and the treatment of smaller bullous
lesions with electrocoagulation or a laser. Treatment of lung
lesions is almost invariably associated with some pleural
procedure, thought to be important in avoiding recurrences
should new parenchymal lesions arise. Mechanical abrasion of
the parietal pleura with dry gauze or electrosurgical tip cleaner
is the most common procedure. Sometimes, the visceral pleura
is also gently rubbed [92, 94]. Less common is the addition of
chemical pleurodesis with tetracycline, which is applied to the
surface of the visceral pleura [94]. Alternatively, some
surgeons prefer parietal pleurectomy, usually limited to the
upper third or half of the pleural cavity [90]. Finally,
some prefer to avoid any type of pleurodesis or pleurectomy
and rely exclusively on the treatment of parenchymal lesions
[93].

Complication rates range from 0% in short series of patients
[91] to 16% in larger series [93]. Common complications
include persistent air leaks, usually defined as leaks persisting
for .5 days, and occur in 5–7% of patients [94, 95], wound
infection (1.4–6.7%) [94], pneumonia (2.4–8%) [93, 94], fever
(1.9–10%) [94, 95], re-operation due to bleeding (1–2%) [90, 93]
and shoulder arthritis (1.9%) [95]. Other complications, such as
residual pneumothorax, urinary tract infection, acute urinary
retention, haematoma or neurological deficit, are rare [90].
Mortality occurs in ,1% of patients with chronic obstructive
lung disease and SSP, and is related to medical complications
or worsening of their underlying lung disease [93].

FIGURE 4. Wedge resection of apical bullous lesions of the lung with

mechanical stapler, in a case of pneumothorax.
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Recurrence rates can be as low as 0 [91] or 1% [95] or rise to
5.3% [93]. Some authors [94] differentiate between early
recurrences (pneumothorax occurring immediately after
removal of chest tubes) and late recurrences. In 250 patients
treated with ligation or stapling of bullae and different types of
abrasion and pleurectomy [90], there were three (1.2%)
recurrences, two (3.3%) in 60 patients in whom apical parietal
pleurectomy had been performed via a transaxillary approach,
and one (1%) in 93 patients in whom mechanical abrasion had
been carried out. There were no recurrences in the group of 74
patients who had undergone parietal pleurectomy from the
hilum to the apex, or among the 23 patients on whom apical
pleurectomy had been performed through posterolateral or
submammary thoracotomy procedures. In the series of 120
patients who underwent 132 thoracotomy procedures for
wedge resection of the parenchymal lesions without pleurod-
esis or pleurectomy, recurrence occurred in seven (5.3%) cases
[93], which compares unfavourably with the series of 95
patients treated with stapling resection of blebs and pleural
abrasion, in whom recurrence occurred in only one (1%)
patient [95], and with the larger series of 250 patients, in whom

some sort of pleural treatment was added to the excision of
lung lesions, in whom recurrence occurred in one patient [90].

Surgical management by VATS
VATS is usually performed under general anaesthesia and
single-lung ventilation. The patient is in the lateral decubitus
position and prepared as for standard posterolateral thoracot-
omy. Three ports are generally necessary, one for the
thoracoscope and two for the lung graspers and stapling
devices [96]. High-risk patients, usually elderly patients with
severe underlying lung disease, can undergo VATS under local
and epidural anaesthesia [97] or even under local anaesthesia
and sedation [98]. Application of sealants over air leaks and
stapled resection of bullae and talc poudrage can be performed
safely.

VATS allows performance of the same intrathoracic proce-
dures as performed through thoracotomy [99]. It has the
advantage that pleural and lung inspection is more complete
than when carried out through limited thoracotomy. A survey
among thoracic surgeons of the General Thoracic Surgical Club
revealed that VATS was the preferred approach for treatment
of recurrent pneumothorax [100].

For the management of blebs and bullae, stapled resection is
the most common procedure [18, 19, 101–116]. Other proce-
dures include clipping of pedicled bullae [117, 118], ligation or
looping of bullous lesions [101, 103, 104, 118], and electro-
cautery or laser ablation of blebs and small bullae [104, 112,
118]. These procedures on the lung parenchyma are usually
associated with a variety of manoeuvres to create pleurodesis
and prevent recurrences. These include parietal pleural
abrasion with dry gauze or any other rubbing material
(fig. 5) [102–105, 107, 109–111, 113, 114, 116], apical pleur-
ectomy [67, 101–111, 113–116], and chemical, laser or electro-
cautery pleurodesis [18, 19, 67, 104, 106, 114, 116].

Post-operative complications are similar to those found after
thoracotomy and occur in 1 [106] to 27.4% [113] of patients. The
latter represents a meticulous collection of post-operative
events, some of which regressed spontaneously, such as
pleural effusion or brachial cutaneous nerve palsy, which
may be unreported by other groups. In general, the complica-
tion rate is ,10% [18, 101, 102, 104, 105, 107, 108, 110, 115], and,
in some series, there is no morbidity at all [112, 114, 119]. Most
series consist of a mixture of patients with PSP and SSP. Those
reporting separate complication rates for each group of
patients have found higher complication rates for patients
with SSP than with PSP: 27.7 versus 6.6% [106], 25 versus 1.7%
[107], 16 versus 0% [108], and 33 versus 12% [109], respectively.
Air leak is a frequent complication, especially in SSP, that may
require reintervention, either thoracotomy or a second VATS
procedure [102, 120]. As with open procedures, mortality is
rare and limited to patients with SSP. Although most of them
can be extubated at the end of the operation, some require
mechanical ventilation, with possible death due to myocardial
infarction, heart failure or respiratory failure [108, 120].

Global recurrence rates range from 0 [103, 114] to 10% [112].
Many of these recurrences are due to failures of the method of
treatment. Clipping, ligation and looping of blebs were used
early in the experience of different groups and were associated
with recurrence rates as high as 11.5 [101] and 22.2% [118].


�
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FIGURE 5. Metallic scrubber before mechanical pleural abrasion. Before

abrasion, the parietal pleura looks normal (a); as abrasion is in progress, the

parietal pleura is reddened and bleeds slightly (b).
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These methods have not been used in the most recent series.
Recurrence rates also seem to be inversely related to the
intensity of the treatment; the more procedures performed,
especially when lung and pleural procedures are combined,
the fewer the recurrences. In an uncontrolled series of 74
patients treated with four different methods, the recurrence
rates for each procedure were: ligation of air leak, 11.5%;
wedge resection of blebs or bullae, 7.1%; pleurectomy, 6.35%;
and pleurectomy plus ligation of air leaks or wedge resection
of lesions, 5.6% [101]. In 113 patients, the only independent
predictive factor of recurrence of SP was the failure to identify
and resect a bleb at operation [104]. In recent series, the
procedure of choice is stapled resection of blebs and bullae, or
wedge resection of the tip of the lung when lesions are not
identified, and some sort of pleurodesis: mechanical abrasion,
apical pleurectomy or patchy electrocoagulation of the parietal
pleura. These procedures result in a recurrence rate of 0–5%
[18, 102, 105–108, 110, 113–115, 121]. Pleural procedures alone
are associated with higher recurrence rates, 6.3% for apical
pleurectomy [101] and 9.9% for mechanical pleurodesis [102].
Complete pleurodesis prevents recurrences better than partial
pleurodesis. In 339 Vanderschueren stage III and IV patients,
PSP was treated with either ligation or stapling of lesions and
subtotal pleurectomy or talc poudrage; those treated with talc
poudrage showed the lowest recurrence rates: 0 versus 4.5% for
stapling and poudrage, and ligation and poudrage in stage III
pneumothorax; and 0.84% for stapling and poudrage for stage
IV pneumothorax. However, the recurrence rates for the same
pneumothorax stages when subtotal pleurectomy was per-
formed instead of poudrage were 4.70, 12.19 and 5.26%,
respectively. The same was observed in 93 patients with stage I
and II PSP treated with either subtotal pleurectomy or talc
poudrage alone, in whom recurrence rates were 6.45 and 4.8%,
respectively [67].

Long-term complications include moderate chronic pain,
usually located in the area of the trocar incisions, in about a
third of patients, especially in those who have undergone
pleurectomy as compared with mechanical pleurodesis.
However, ,4% require daily medication [107]. Additionally,
,50% of patients may experience chest wall paraesthesiae,
distinct from wound pain [122]. These chronic complications
seem to be due to compression of intercostal nerves during
operation. Some authors use trocars for the thoracoscope only,
and insert the other instruments through the intercostal
incisions in the other ports in order to minimise nerve
compression. The use of needlescopic instruments (2 mm in
diameter) has been found to reduce post-operative wound
pain [123] and residual neuralgia [124]. The presence of dense
pleural adhesions is an indication for conversion to standard
VATS [125]. Although published experience is scarce, needle
thoracoscopy seems to be as effective as conventional VATS
when there are bullae of ,2 cm and few pleural adhesions.

Treatment of recurrences varies according to the size of
pneumothorax and the presence of air leaks after insertion of
chest tubes. For limited pneumothorax in stable patients, rest
and observation are recommended. When reoperation is
necessary, both repeat VATS and thoracotomy have been
performed. In ,50% of cases, residual bullae or air leaks are
found; these are usually stapled or ligated, and pleurodesis by
pleurectomy, abrasion or talc poudrage is added. When no

lesions are identified, some sort of pleurodesis is performed
[102, 104, 105, 108–110, 126, 127].

Surgical approaches to both lungs
Simultaneous bilateral pneumothorax and contralateral recur-
rence are quite often indications for surgical treatment of both
sides. This has been carried out using bilateral thoracotomy
procedures or VATS, and midsternotomy. A recent report
describes the bilateral apical stapling of bullae and apical
pleurectomy through an axillary mini-thoracotomy. Once the
ipsilateral side is completed, access to the contralateral side is
gained across the mediastinum between the first thoracic
vertebral bodies and the oesophagus. The contralateral lung
apex is grasped and pulled into the opened pleural cavity and
apical lesions are resected. The contralateral chest cavity is
drained from the opened chest with a tube passing across the
mediastinal opening. There were no complications in a series
of 13 patients. This procedure would be indicated in patients
with lesions limited to the apex of both lungs as a treatment
alternative for recurrences after VATS, and when there are
known lesions in the contralateral lung, in order to reduce
further relapses [128]. A similar approach has been described
via VATS. In this case, the passage to the contralateral pleural
space is created between the sternum and the pericardium. The
procedure was attempted in six patients and was successful
and uneventful in four. The other two underwent bilateral
VATS due to pleural adhesions [129]. However, a study of six
patients represents too small a sample to draw any conclu-
sions. The most common practice is to perform two VATS
procedures, in either the lateral decubitus position, with side-
changing after completing one side [130], or the supine
position, modifying the sites of the trocars, two on the anterior
axillary line and one in the midclavicular line through the
second intercostal space [96]. This simultaneous approach is
not associated with increased morbidity or prolonged hospital
stay compared to staged bilateral VATS [131].

Comparison between thoracotomy and VATS
There have been two prospective clinical trials comparing
thoracotomy and VATS. The first properly randomised trial
compared VATS for PSP and SSP with limited partial muscle-
sparing lateral thoracotomy [132]. In the VATS group for PSP,
the 72-h decreases in forced expiratory volume in one second
and forced vital capacity were significantly lower. This group
of patients had a longer operating time, required less
analgesics in the first 12 h post-operatively and had a shorter
post-operative hospital stay, but none of these differences were
significant. In the group of patients with SSP, none of the
differences were significant, except for operating time, which
was longer for the VATS group. The authors concluded that
VATS was superior to thoracotomy for PSP, but cast doubts on
its use in SSP. The second trial was not properly randomised
since the patients chose the procedure after the doctor had
explained their details [133]. The cost of VATS was higher than
the cost of transaxillary mini-thoracotomy, and only partially
covered by medical insurance; this may have introduced bias
into the selection of the procedure. In this trial, the differences
in operating time, amount of analgesia on the first post-
operative day, and duration of chest tube placement were not
significant, although the operating time and the duration
of chest tube placement were shorter for the transaxillary
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mini-thoracotomy group. It was concluded that VATS showed
no advantage over mini-thoracotomy.

In uncontrolled trials, some authors have compared their
initial experience with VATS treatment of SP with historical
series of patients who had undergone thoracotomy, either
axillary, limited lateral or posterolateral. In these comparisons,
the duration of drainage was generally shorter in the VATS
group [107, 121, 134, 135] or the same [136]; the length of
hospital or post-operative stay was also shorter [107, 121, 134,
135, 137, 138] or the same [136, 139]; the operating time was
shorter for VATS [121, 135], the same for both procedures [136,
137], or longer for VATS than for thoracotomy [138]; patients
who underwent VATS required less narcotic analgesics than
those who underwent thoracotomy [107, 134, 137]; post-
operative complication rates were lower [134] or higher [137]
in the VATS group, or the same in both groups [121]; the
recurrence rate was about the same, but there seemed to be
more patients with recurrences among those who underwent
VATS [121, 134, 135, 138]; the amount of operative bleeding
was smaller in the VATS group [121]; patients in the VATS
group returned to work earlier [107, 137]; and, finally, VATS
was cheaper than thoracotomy [135]. It has been reported that
some of these advantages of VATS, such as the shorter
duration of drainage and hospitalisation, and earlier return
to work, are only valid for patients with PSP [107].

COST-EFFECTIVENESS
The cost-effectiveness of VATS procedures has mainly been
analysed in retrospective studies [140]. In general, VATS is
initially more expensive, but a shorter hospital stay may
compensate for this. The few cost analyses regarding SP show
that VATS seems to be economically justified as an initial
procedure instead of insertion of a chest tube, although its
initial cost is higher [141, 142]. This also seems to be true for
VATS treatment of second episodes of SP [42]. These
conclusions are not based on randomised studies and, there-
fore, need to be confirmed in properly conducted clinical trials.
Furthermore, SCHRAMEL et al. [143] undertook a cost–benefit
analysis in patients with SP requiring chest tube drainage,
comparing such a conservative approach to VATS in two
historical series, and found less complications and a cost 42%
lower in the VATS group, casting doubts on the efficacy of a
conservative strategy. They also concluded that, if patients
with SP had been treated with simple talc poudrage under
thoracoscopy, this would have resulted in an additional 62%
reduction in the costs calculated for patients with VATS.

CONCLUSION
There are many options in the management of SP. Its
pathophysiology remains poorly understood. However, it is
very well known that PSP is strongly related to smoking in
both sexes. No clinician should miss the opportunity of
pneumothorax, especially in young people, to encourage
smoking cessation. Most young patients continue to smoke
after their first episode of PSP, showing that clinical strategies
need to be improved in order to better address the needs of this
particular age group [144].

There are two aims when treating pneumothorax: 1) to
evacuate air, and 2) to prevent recurrence. In first episodes of
PSP, there is no doubt that observation and simple aspiration

are established first-line therapies, as proven by randomised
controlled trials [34, 36]. However, although aspiration has
been recommended since the mid-1980s [145, 146], it remains
poorly applied and ought to be better promoted in daily
medical practice. In the case of failure of aspiration, a chest
tube should be inserted and patients referred to special lung
units with specialist medical and nursing experience, since
intercostal tube placement can lead to serious complications,
even death [147–150]. Patients requiring insertion of a chest
tube should be informed that simple talc poudrage under
thoracoscopy prevents recurrences of pneumothorax without
prolongation of hospitalisation or complications, and is more
cost-effective than conservative treatment with an intercostal
tube, as shown in a randomised controlled trial [44].

In clinical situations such as SSP with potential respiratory
insufficiency, recurrent PSP or persistent pneumothorax,
treatment to prevent recurrence of pneumothorax is manda-
tory. There are two main choices, either medical talc pleurod-
esis by simple thoracoscopy or a surgical approach.
Thoracoscopic talc poudrage is a safe procedure, even in
complicated SSP [83–85], and would be no more painful than
chest tube drainage if thoracoscopists were to improve their
skill in treating pain [151]. Recently, a surgical team [64]
published the most extensive study on pneumothorax manage-
ment to date, with .1,000 cases, and showed that thoracoscopy
under talc poudrage was very successful, with a relapse rate of
5%.

Conversely, it is also true that VATS has been shown to be
more cost-effective than chest tube drainage for a similar
indication [143], although it is a more expensive procedure
than thoracoscopy, requiring general anaesthesia, double
lumen tube intubation and ventilation. There is no evidence
for routine resection of blebs and bullae, making this
procedure very controversial except for very large bullae [3]
or when there is some evidence of bullae leakage, such as in
persistent pneumothorax. Surgical techniques have improved
considerably and are now less invasive. Since the early 1990s,
there has been a preference for VATS over thoracotomy,
although the number of recurrences after VATS is generally a
little higher than after thoracotomy. VATS allows the perfor-
mance of a wide variety of procedures on lung parenchyma
and pleural surfaces. The combination of stapled resection of
blebs or bullae and some sort of pleurodesis, especially
abrasion or pleurectomy, seems to yield the lowest recurrence
rates. VATS for SP has not been adequately compared with
thoracotomy in large randomised clinical trials, for either
clinical effectiveness or cost. After many years, during which it
has proved to be technically feasible to treat SP with reasonable
morbidity, the time has come to standardise the surgical
technique used and begin large randomised clinical trials to
answer three basic questions: 1) whether VATS is definitively
superior to thoracotomy; 2) whether it is cost-effective; and 3)
the correct time to initiate it. There are also many other
potential areas of further research in randomised controlled
trials, such as comparing any surgical technique like VATS to
thoracoscopy with simple talc poudrage, comparing clamping
and nonclamping strategies after air leak cessation, and
outpatient use of small catheters connected to Heimlich valves
compared with intercostal chest tube drainage following failed
aspiration, etc.
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As shown in the present article, thoracic surgeons and pulmo-
nologists must develop more synergies and use randomised
controlled trials in order to improve on the knowledge
accumulated by both disciplines for the management of
pneumothorax, since most studies to date have been non-
randomised controlled studies. This is the only way to answer
the rather provocative question asked by surgeons as to
whether the tendency to replace simple thoracocoscopy with
video-assisted thoracoscopic surgery might not be due to the
glory of newer and expensive techniques [64]. In 1997 [152], an
editorial welcoming the fifth anniversary of video-assisted
thoracoscopic surgery reported, at that time, .500 publications
on video-assisted thoracoscopic surgery and concluded that
most of theses publications represented very little careful
scientific evaluation of this new technology. It is now time to
evaluate more scientifically an old technique, thoracoscopy,
discovered by Jacobeus in 1910 [10], and also video-assisted
thoracoscopic surgery, which has been available since 1992.
This is the only way to diminish the present confusion
regarding the best treatment for pneumothorax [153].
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Urg 1987; 3: 215–217.

85 Tschopp JM, Brutsche M, Frey JG. Treatment of compli-
cated spontaneous pneumothorax by simple talc pleur-
odesis under thoracoscopy and local anaesthesia. Thorax
1997; 52: 329–332.

86 Massard G, Thomas P, Wihlm JM. Minimally invasive
management for first and recurrent pneumothorax. Ann
Thorac Surg 1998; 66: 592–599.

87 Olsen PS, Andersen HO. Long-term results after tetra-
cycline pleurodesis in spontaneous pneumothorax. Ann
Thorac Surg 1992; 53: 1015–1017.

88 van de Brekel JA, Dourkens VAM, Vanderschueren
RGJRA. Pneumothorax. Results of thoracotomy and
pleurodesis with talc poudrage and thoracotomy. Chest
1993; 103: 345–347.

89 Baumann MH, Strange C. The clinician’s perspective on
pneumothorax management. Chest 1997; 112: 822–828.

90 Nkere UU, Kumar RR, Fountain SW, Townsend ER.
Surgical management of spontaneous pneumothorax.
Thorac Cardiovasc Surg 1994; 42: 45–50.

91 Murray KD, Matheny RG, Howanitz EP, Myerowitz PD.
A limited axillary thoracotomy as primary treatment for
recurrent spontaneous pneumothorax. Chest 1993; 103:
137–142.

92 Simansky DA, Yellin A. Pleural abrasion via axillary
thoracotomy in the era of video assisted thoracic surgery.
Thorax 1994; 49: 922–923.

93 Körner H, Anderson KS, Stangeland L, Ellingsen I,
Engedal H. Surgical treatment of spontaneous pneu-
mothorax by wedge resection without pleurodesis or
pleurectomy. Eur J Cardiothorac Surg 1996; 10: 656–659.

94 Donahue DM, Wright CD, Viale G, Mathisen DJ.
Resection of pulmonary blebs and pleurodesis for
spontaneous pneumothorax. Chest 1993; 104: 1767–1769.

95 Athanassiadi K, Kalavrouziotis G, Loutsidis A,
Hatzimichalis A, Bellenis I, Exarchos N. Surgical treat-
ment of spontaneous pneumothorax: ten-year experience.
World J Surg 1998; 22: 803–806.

96 Cannon WB, Vierra MA, Cannon A. Thoracoscopy for
spontaneous pneumothorax. Ann Thorac Surg 1993; 56:
686–687.

97 Mukaida T, Andou A, Date H, Motoi A, Shimizu N.
Thoracoscopic operation for secondary pneumothorax
under local and epidural anesthesia in high-risk patients.
Ann Thorac Surg 1998; 65: 924–926.

98 de la Torre Bravos M, Rivas de Andrés JJ. Treatment of
pneumothorax with VATS and bullectomy under local
anesthesia. Ann Thorac Surg 1999; 68: 2383.

99 Kaiser D, Ennker IC, Hartz C. Video-assisted thoraco-
scopic surgery – indications, results, complications, and
contraindications. Thorac Cardiovasc Surg 1993; 41:
330–334.

100 Mack MJ, Scruggs GR, Kelly KM, Shennib H,
Landreneau RJ. Video-assisted thoracic surgery: has
technology found its place? Ann Thorac Surg 1997; 64:
211–215.

101 Inderbitzi RGC, Leiser A, Furrer M, Althaus U. Three
years experience in video-assisted thoracic surgery
(VATS) for spontaneous pneumothorax. J Thorac
Cardiovasc Surg 1994; 107: 1410–1415.

SPONTANEOUS PNEUMOTHORAX MANAGEMENT J-M. TSCHOPP ET AL.

648 VOLUME 28 NUMBER 3 EUROPEAN RESPIRATORY JOURNAL



102 Gossot D, Galetta D, Stern JB, et al. Results of thoraco-
scopic pleural abrasion for primary spontaneous pneumo-
thorax. Surg Endosc 2004; 18: 466–471.

103 Liu HP, Lin PJ, Hsieh MJ, Chang JP, Chang CH.
Thoracoscopic surgery as a routine procedure for
spontaneous pneumothorax. Results from 82 patients.
Chest 1995; 107: 559–562.

104 Naunheim KS, Mack MJ, Hazelrigg SR, et al. Safety and
efficacy of video-assisted thoracic surgical techniques for
the treatment of spontaneous pneumothorax. J Thorac
Cardiovasc Surg 1995; 109: 1198–1204.

105 Bertrand PC, Regnard JF, Spaggiari L, et al. Immediate
and long-term results after surgical treatment of primary
spontaneous pneumothorax by VATS. Ann Thorac Surg
1996; 61: 1641–1645.

106 Mouroux J, Elkaı̈m D, Padovani B, et al. Video-assisted
thoracoscopic treatment of spontaneous pneumothorax:
technique and results of one hundred cases. J Thorac
Cardiovasc Surg 1996; 112: 385–391.
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