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ABSTRACT: The aim of the present study was to determine the impact of various pleurodesis

procedures on post-operative morbidity and late recurrence rate after surgical treatment of

Vanderschueren’s stage III primary spontaneous pneumothorax.

Between January 2001 and June 2004, 208 consecutive patients (169 male and 39 female; mean

(range) age 25 (12–39) yrs) were submitted to 220 video-assisted thoracoscopic surgical

procedures for primary spontaneous pneumothorax. All patients underwent apical lung resection;

112 were assigned at random to mechanical pleural abrasion (group A) and 108 to apical

pleurectomy (group B).

The two groups of patients showed similar characteristics. No intra- or post-operative deaths

occurred. Post-operative morbidity was 6.25% for group A and 12.9% for group B; the two groups

exhibited a similar persistent post-operative air leak rate (5.3% in group A and 5.5% in group B),

whereas haemothorax was significantly more frequent after apical pleurectomy (eight (7.4%)

cases) than after pleural abrasion (one (0.9%) case). The mean duration of follow-up was 46 (24–

66) months. Late recurrence occurred in five cases (4.6%) after apical pleurectomy, and in seven

(6.2%) after mechanical pleural abrasion.

Mechanical pleural abrasion by video-assisted thoracoscopic surgery is safer than apical

pleurectomy in the treatment of primary spontaneous pneumothorax. No differences in late

recurrence rate were observed between the two procedures.
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P
rimary spontaneous pneumothorax (PSP)
is a relatively common disease but its
pathophysiology remains unknown [1]. In

most cases, no treatment is required other than
thoracentesis or pleural drainage insertion. The
recurrence rate after these treatments is consider-
ably high; the international literature refers to a
mean rate of relapse of ,30% after the first
episode (range 16–52%) [2].

It is well accepted that, after the first episode,
relapsing PSP requires a more invasive approach.
Therapeutic options include chest drainage with
instillation of pleural irritants, such as talc or
tetracycline, medical thoracoscopy with talc
instillation, complete pleurodesis through an
open procedure and video-assisted thoracoscopic
surgery (VATS) pleurodesis (mechanical pleural
abrasion or apical pleurectomy; both of these
procedures may or may not be associated with
apical lung wedge resection). Tube thoracostomy
and instillation of pleural irritants showed a
relapse rate of 8–25% [3, 4]; medical thoracoscopy

with talc poudrage is reported to be associated
with a 5% failure rate after a thorough follow-up
over 5 yrs [5]. Recurrence rates after VATS or
open surgery range 1–14% [6–13].

Since the late 1990s, the surgical literature has
widely accepted the classification of PSP by R.G.
Vanderschueren [14] (table 1) as a basis of
decision-making in the choice of surgical
approach [12]. If operated upon, stage I and II
patients without bullae are frequently treated
simply by pleurodesis (pleurectomy, mechanical
pleural abrasion or talc poudrage), whereas stage
III and IV patients receive additional treatment of
their bullae in the pathogenesis of PSP by bullae
resection or electrocauterisation. Some authors
question the real role of peripheral blebs or bullae
in the pathogenesis of PSP [15–19]. Indeed,
histopathological analysis of resected subpleural
blebs or bullae has not always shown defects
responsible for the air leakage [19, 20]. Hence
bullectomy has not been proven necessarily
to prevent recurrence, whereas pleurodesis
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producing a diffuse pleural symphysis seems to be very
effective.

Although many pneumologists have still chosen to perform
pleurodesis through thoracoscopic talc instillation, VATS has
been accepted as the standard procedure for the management
of recurrent or persistent Vanderschueren’s stage III PSP since
the late 1990s. It remains controversial as to which procedure is
safest and most effective in performing pleurodesis. To date,
no randomised prospective study has been published compar-
ing pleural abrasion to parietal pleurectomy, whereas post-
operative morbidity and the long-term results of both
procedures have been investigated and compared.

MATERIAL AND METHODS
Between January 1, 2001 and June 31, 2004, 489 patients aged
,40 yrs affected by recurrent or persistent PSP (air leak from
the pleural drainage at first episode persisting for .5 days)
were referred to the thoracic surgery units of ‘‘A. Avogadro’’
University (Novara, Italy) and E. Morelli Regional Hospital
(Sondalo, Italy) for surgical management. All patients were
submitted to three-portal VATS. General anaesthesia was
administered with double-lumen intubation. The patient was
placed on the operating table as for muscle-sparing lateral
thoracotomy. Single-lung ventilation was begun before a 1.5-
cm skin incision was made in the sixth intercostal space in the
midaxillary line, and a 0u 10-mm video-thoracoscope (Karl
Storz, Tuttlingen, Germany) was introduced through a 10.5-
mm thoracoport. Two further trocars were introduced, under
endoscopic guidance, through the fourth intercostal space in
the anterior axillary line and through the fifth intercostal space
in the auscultatory triangle, respectively. The lung was
inspected during gentle ventilation with saline solution in
the pleural cavity to detect air leak or small blebs and bullae.
Pathological lesions diagnosed during endoscopic examination
were classified according to Vanderschueren’s classification
[14], as follows. Stage I: no endoscopic abnormalities (n547;
9.6%); stage II: pleuropulmonary adhesions (n599; 20.2%);
stage III: blebs/bullae of ,2 cm (n5208; 42.5%); and stage IV:
bullae of .2 cm (n5135; 27.6%).

The present article focuses on 208 patients affected by stage III
Vanderschueren’s PSP. All patients were submitted to minimal
wedge resection of their blebs or bullae with an endoscopic
stapler (SCB 45; Ethicon Endosurgery, Inc., Cincinnati, OH,
USA). Surgical pleurodesis was carried out by endoscopic
mechanical abrasion or parietal pleurectomy. Patients were
assigned at random to undergo one of the two procedures after
the initial endoscopic evaluation. Group A patients were
submitted to mechanical pleural abrasion using a MarlexTM

mesh (Bard1Mesh; C.R. Bard, Inc., Murray Hill, NJ, USA)
attached to the tip of a standard endoscopic grasper; abrasion

was stopped when a uniform aspect of bloody pleura was
obtained. Group B patients were submitted to endoscopic
parietal pleurectomy. The portion of pleural surface submitted
to surgical pleurodesis was the same for the two groups, in order
to permit successive comparison. Parietal pleurectomy or
mechanical abrasion were carried out from the fifth rib, either
on the left side up to the level of the subclavian artery or on the
right side up to the brachiocephalic trunk; the front and rear
limits were 1 cm laterally from the sympathetic nerve chain and
1 cm laterally from the internal mammalian artery, respectively.
Mediastinal pleura was not involved by the surgical procedure.
Surgeons of both institutions were familiar with both techniques,
which were carried out in the same way in both centres (any one
of the present authors participated in all of the procedures); 114
patients were randomised at the ‘‘A. Avogadro’’ University
(group A: n558; group B: n556) and 106 at the E. Morelli
Regional Hospital (group A: n554; group B: n552).

A 28F chest tube was placed through the inferior incision and
adequate lung re-expansion was monitored. The tube was
connected to underwater seal suction with a negative pressure
of 10 cmH2O during the first 6 h after surgery, to permit easy
and immediate detection of pleural haemorrhage. Surgical
specimens were systematically sent to the pathology depart-
ment of the relevant hospital for pathological examination and
to confirm bleb and bullae dimensions, and were subsequently
revised by one pathologist from the ‘‘A. Avogadro’’ University.

Patients were extubated in the operating theatre and carried to
the ward after 4–6 h of observation in the intermediate care
unit. Daily chest radiography was carried out on each patient.
The chest tube was usually removed when air leak had
resolved, the lung had fully expanded and pleural drainage
was ,100 mL?24 h-1. Nonsteroidal anti-inflammatory drugs
were not administered during the entire post-operative period
in order to avoid post-operative bleeding and interference
during the process of pleural adhesion formation. Daily post-
operative pain was measured using a visual analogue scale
(graded 0–10) and recorded. Post-operative analgesia was
secured with continuous intravenous 0.15 mg?kg body
weight-1?h-1 tramadol plus 1.2 mg?kg body weight-1?h-1 para-
cetamol until the chest tube was removed. Patients were
discharged the day after chest tube removal. After discharge,
each patient was followed-up for a mean (range) period of 46
(24–66) months; chest radiography and clinical observation
were carried out at 1, 3, 6, 12, 18 and 24 months, and annually
after the first 24 months, until June 2006. During the periodical
visits of the first 6 months, patients were asked about their
residual wound pain and paraesthesia (a disordered sensation
causing chest wall discomfort that can be easily distinguished
from wound pain) and were requested to express it using the
same visual analogue scale as they had used while in hospital.
Pneumothorax recurrence was defined as a pneumothorax of
.10% of the size of the hemithorax, diagnosed through chest
radiography and confirmed by chest computed tomography.

Evaluation of the results of both techniques was carried out,
measuring the following factors: operative time, early and
long-term post-operative pain and chest discomfort, amount of
pleural drainage (post-operative blood loss), duration of chest
drainage, post-operative complications, post-operative dura-
tion of hospital stay, and incidence of late recurrence.

TABLE 1 Vanderschueren’s classification of primary
spontaneous pneumothorax

Stage I No endoscopic abnormalities

Stage II Pleuropulmonary adhesion

Stage III Blebs/bullae of ,2 cm in greatest diameter

Stage IV Bullae of .2 cm in greatest diameter
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All data are presented as mean¡SD. An unpaired t-test was
used for the statistical analysis. Pearson’s Chi-squared test was
used to ascertain significance between categorical variables. A
p-value of ,0.05 was taken as significant.

The present study was authorised by the internal ethics
committee of both institutions, and all patients expressed
and signed their pre-operative consent.

RESULTS
During the period of the study, 220 consecutive procedures
were carried out on 208 patients for either first recurrent or
persistent spontaneous pneumothorax in Vanderschueren’s
stage III patients. The patients’ characteristics are illustrated in
table 2. There were no differences in age, sex, weight, height or
smoking status, and clinical appearance was similar.

Of the 208 patients, 12 were submitted to VATS for contralateral
PSP during the follow-up period. Mechanical abrasion was
carried out in 112 procedures (group A), whereas apical parietal
pleurectomy was performed in 108 (group B). The mean
operating time was higher for group B than for group A
(55¡18 versus 38¡16 min, respectively), a significant difference
(p50.0001). Post-operative acute bleeding (.200 mL?h-1 for 3 h
consecutively after the operation) was observed in eight out of
108 (7.4%) procedures in group B and in one out of 112 (0.9%)
procedures in group A; this difference was significant
(p50.036). The above-mentioned nine patients were submitted
to immediate re-intervention, with removal of the blood clot and
haemostasis; the remainder of the post-operative period was
uneventful.

The mean chest drain duration was 2.53¡1.55 days for group
A patients and 2.92¡1.71 days for group B patients; no
significant differences were detected (p50.065). The persistent
air leak rate was similar for the two groups; in six out of 112
(5.3%) procedures in group A and in six out of 108 (5.5%)
procedures in group B, air leakage lasted .5 days (p50.978).
The mean post-operative chest drain duration for these cases
was 8.17¡1.72 days in group A and 8.67¡2.34 days in group
B. Thanks to minimal air loss, most patients were observed
until the complication resolved spontaneously. One patient
from each group had large air leak on post-operative day 5 and
was resubmitted to VATS; in both cases, an imperfect stapler

line suture was detected and the endoscopic stapler was
re-applied with complete control of the air leakage. Chest tubes
were removed on days 2 and 3 after the second operation.

Post-operative pain levels are illustrated in table 3. Early post-
operative pain was not dependent upon the pleurodesis
technique adopted. Considering the overall post-operative
period, group B patients demonstrated significantly greater
residual chest pain and discomfort than group A patients
(p50.001).

The mean duration of hospital stay depended upon chest
drain duration, and was 3.52¡1.55 days in group A and
3.89¡1.71 days in group B; no difference was recorded (p50.08).

After the first 24 months of the follow-up period, 25 (18.8%)
patients from group A and 18 (16.7%) from group B could not
be tracked down. Recurrence occurred in five (4.6%) cases after
parietal pleurectomy and seven (6.2%) after mechanical pleural
abrasion (p50.821). The mean (range) recurrence time was
11.57¡12.57 (1–32) months in group A and 11.4¡15.34 (1–
38) months in group B, a nonsignificant difference (p50.984).
One out of five (20%) recurrences in group B and two out of
seven (28.5%) in group A occurred .24 months after the
surgical treatment. Two out of seven recurrences in group A
were limited and treated by observation alone; the other five
required resubmission to VATS and pleural abrasion. One out
of five recurrences in group B was treated by observation alone
due to it being limited, whereas the other four required
resubmission to VATS and pleural abrasion. As far as the
requirement for repeat surgery for the treatment of the late
recurrences is concerned, there was no difference between the
two groups.

DISCUSSION
So-called PSP primarily affects young healthy people and
remains a global 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 [21]. Smoking is a relevant risk factor
for PSP; recently the British Thoracic Society (BTS) Pleural
Disease Group emphasised the relationship between smoking
and the recurrence of pneumothorax [22]. The pathophysiology

TABLE 2 Pneumothorax patient characteristics

Group A Group B p-value

Age yrs 24.5¡6.89 25¡6.51 0.580

Male sex 84/106 (79.3) 85/102 (83.3) 0.575

Right side 62/112 (55.3) 63/108 (58.3) 0.753

Smoker 46/106 (43.3) 52/102 (49.5) 0.458

Weight kg 65¡10.8 63¡9.5 0.145

Height cm 174¡9.7 176¡8.2 0.121

Clinical appearance n (%)

Recurrent 91 (81.25) 86 (80) 0.986

Persistent 21 (18.75) 22 (20) 0.949

Data are presented as mean¡SD or n/N (%), unless otherwise indicated. N

represents the total number of procedures performed.

TABLE 3 Early and long-term post-operative (PO) pain
and analgesic drug requirement

PO day VAS grading p-value

Group A Group B

0 3.04¡0.96 3.23¡0.94 NS

1 2.41¡0.99 2.48¡0.99 NS

2 1.95¡0.93 1.98¡0.87 NS

3 1.68¡0.84 1.71¡0.75 NS

7 1.38¡0.96 1.41¡0.84 NS

30 0.68¡0.80 0.91¡0.96 0.04

90 0.48¡0.38 0.61¡0.63 0.04

180 0.31¡0.64 0.58¡0.61 0.001

Data are presented as mean¡SD. VAS: visual analogue scale (0–10); NS:

nonsignificant.
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of pneumothorax remains unclear. Although rupture of blebs
and bullae has been considered to be the main cause of
spontaneous pneumothorax, there is a paucity of evidence for
this theory in the literature and it is now considered
controversial [2].

In the past, some authors have indicated that histopathological
analysis of surgically resected subpleural blebs or bullae has
not always revealed holes responsible for air leakage on the
resected material [19, 20]. Comparing video thoracoscopic
findings in patients with a first episode to those in patients
with recurrent pneumothorax, JANSEN et al. [15] did not find
any more blebs or bullae in recurrent PSP. This would suggest
that blebs or bullae are not a major risk factor for PSP. Three
recent nonrandomised reports on the results of treatment of
PSP by bullectomy alone have suggested that bullectomy
without pleurodesis does not prevent recurrence of PSP [15, 19,
20]. Improvements in imaging using computed tomography
showed diffuse and bilateral blebs in patients treated for
unilateral PSP; these changes (the so-called emphysema-like
changes that seem to be related to smoking) might be grounds
for lung tissue destruction, and might contribute to the
occurrence of PSP and relevant recurrences. However, there
is no evidence that these parenchymal changes are the unique
cause of pneumothorax. Distal airway inflammation due to
cigarette smoking probably play a fundamental role [23].
According to these reports, bullectomy alone does not appear
to be enough to prevent recurrence, whereas pleurodesis, by
producing a diffuse pleural symphysis, might be effective
against any of the causes of pneumothorax that have not yet
been clearly demonstrated.

Physicians and surgeons worldwide broadly agree that, at its
first occurrence, PSP should be managed conservatively
(ranging from observation to chest drain insertion), given that
only 20–25% of patients experiences a recurrence [2, 22–24].
PSPs should be surgically treated only in the case of persistent
air leakage after chest drainage during the first episode, or in
the case of ipsilateral or contralateral recurrence [2, 22–24].
Although blebs or bullae are not always proved to be the real
causes of first-episode PSP and its recurrences, nowadays,
when apical blebs or bullae are identified in the surgical world,
blebectomy or bullectomy is considered to be a rational part of
the treatment of complicated PSP [25]. Minimally invasive
surgical approaches to blebectomy or bullectomy are desirable.
In 1998, MASSARD et al. [25] published a review about
minimally invasive management of first and recurrent pneu-
mothorax, and analysed the immediate and long-term results
of axillary minithoracotomy and video-assisted surgery. They
concluded that video-assisted thoracoscopy is not superior to
axillary minithoracotomy when post-operative duration of
hospital stay, the related morbidity and long-term outcome are
compared.

The role of pleurodesis has been clearly established [26] but the
choice of method for the prevention of pneumothorax
recurrence remains controversial. Methods of promoting
adequate pleural symphysis include instillation of talc,
mechanical abrasion, apical pleurectomy and extended pleur-
ectomy [8, 10, 12, 27]. Although, in an experimental study, talc
insufflation produced the most widespread firm fibrotic
adhesions, the American College of Chest Physicians and

BTS do not consider talc pleurodesis an appropriate initial
treatment for complicated PSP [23, 24, 28]. Mechanical pleural
abrasion and apical pleurectomy are considered acceptable
VATS pleurodesis techniques [23, 24]. Some authors avoid
pleurectomy and prefer mechanical abrasion, not only due to
the increased morbidity associated with the former but also the
possibility that it could impair later operations. CHAN et al. [29]
reported a high risk of bleeding and post-operative neuralgia
in apical pleurectomy. However, in the retrospective study of
AYED and AL-DIN [12], apical pleurectomy was found to be
more effective at producing pleural symphysis than pleural
abrasion. To date, there are no randomised trials comparing
different pleurodesis techniques.

In the present study, mechanical pleural abrasion and apical
pleurectomy were randomly assigned to patients affected by
Vanderschueren’s stage III PSP submitted to endoscopic
stapling of the lung.

The operative results showed that mechanical pleural abrasion
is significantly safer (lesser rate of post-operative bleeding
requiring re-intervention) and involves a shorter operating
time than apical pleurectomy. Conversely, prolonged post-
operative air leak appeared to be similar for both surgical
procedures, indicating that continued air leak should not be
attributed to surgical pleurodesis failure. In only one case from
each group was the cause of the persistent air leakage detected,
with, on submission to repeat VATS, the leakage being found
to be due to a faulty stapler line. In the other cases, the post-
operative air leaks decreased and resolved spontaneously and
their causes were never detected. Crossing of staplers, traction
tearing of the lung and missed blebs or bullar lesions have
been recognised to be important reasons for a prolonged post-
operative course [7, 12, 29].

Mechanical pleural abrasion and apical pleurectomy appeared
to be equivalent as far as immediate post-operative chest pain
was concerned. The relatively high proportion of patients with
moderate post-operative pain was probably due to the present
decision not to use anti-inflammatory drugs as analgesics, both
to reduce the risk of post-operative bleeding and so as not to
influence the process of pleural adhesion after abrasion or
pleurectomy. Patients submitted to apical pleurectomy experi-
enced mild chest pain and discomfort of longer duration than
in those submitted to apical pleural abrasion, as previously
described in the literature [29]. This is probably related to
intercostal nerve damage, which is more extensive during
pleurectomy than during pleural abrasion.

Duration of hospital stay is directly related to the occurrence of
post-operative complications, particularly persistent air leak.
The same incidence of this post-operative morbid condition
among patients submitted to either pleurectomy or pleural
abrasion led to a nonsignificant difference in the duration of
the stay in hospital for the two procedures.

Even though some reports have suggested that apical
pleurectomy is more efficient than pleural abrasion in
preventing recurrent pneumothorax, the present study did
not demonstrate any difference in recurrence rate when the
two procedures were compared [12, 29]. The overall recurrence
rate at a mean follow-up time of 46 months was 5.4%, ranging
from 4.6% for apical pleurectomy to 6.2% for pleural abrasion.
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This recurrence rate was comparable to those reported in the
literature, ranging 3–5.7% [6–13, 29].

In summary, its shorter operating time and lower procedure-
related morbidity (immediate post-operative bleeding and post-
operative chest pain duration) proved that pleural abrasion is
safer than apical pleurectomy for the treatment of complicated
primary spontaneous pneumothorax, whereas their long-term
efficacy in preventing recurrent pneumothorax seems to be the
same. Therefore, the present authors recommend pleural
abrasion as pleurodesis procedure in young healthy people
when video-assisted thoracoscopic surgical blebectomy or
bullectomy is considered necessary for Vanderschueren’s stage
III primary spontaneous pneumothorax.
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