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Abstract: Introduction: Video-assisted thoracic surgery (VATS) is considered to be the standard approach in the
treatment of pneumothorax and bulluous disease, even if its impact on intraoperative and postoperative morbidity and
long-term complications has not been totally evaluated yet. Analysing the author’s experience and the literature about this
topic, this report aims to ascertain rational criteria to improve the outcomes through the knowledge of all the
complications.
Materials and Methodology: At Thoracic Surgery Unit of S. Maria delle Croci Hospital of Ravenna (Italy) were
performed 300 VATS procedures for pneumothorax or bulluous disease on 282 patients. All the patients were proposed
for the resection of blebs or bullae. At the beginning pleurodesis was achieved by apical pleurectomy and then by talc
poudrage.
Results: A pulmonary resection was performed on 289 cases. Apical pleurectomy was carried out in 97 cases, subtotal
pleurectomy in 15 cases and talc poudrage in the remaining 198. 33 intraoperative complications occurred with a
conversion rate of 2.0 %. Postoperative morbidity was 7.0 % including four cases in which re-operation was carried out.
Long-term complications included one Horner’s Syndrome and four severe intercostal neuritis. 178 patients were
followed up for a mean period of 84 months and the recurrence was observed in six patients.
Conclusions: VATS is a very reliable approach in the treatment of pneumothorax and bulluos disease. To further reduce
intraoperative and postoperative morbidity it is necessary to perform the procedure with meticulous caution and to give
special attention to secondary pneumothorax and to all cases of adhesions.

Keywords: Video-assisted thoracic surgery, pneumothorax, bulluos disease, intraoperative complications, postoperative
complications, long-term results, bullectomy, blebectomy, pleurodesis, talc poudrage, pleurectomy.
INTRODUCTION
The use of thoracoscopy or VATS (Video-Assisted
Thoracic Surgery) in the surgical approach of pneumothorax
and bullous disease began in the early nineties [1-4] and
nowadays is considered to be the standard treatment [5-8].
The procedure consists in resecting the emphysematous
parenchyma and in achieving the adhesions between the lung
and the chest wall. In order to resect bullae and blebs and to
perform pleurodesis different techniques have been
proposed, but none of them could be defined as being free of
morbidity. The aim of this paper, based on our 16 years
experience and on literature review, is to assess
intraoperative complications and outcomes in the early
postoperative course and in the long term follow up.
MATERIALS AND METHODOLOGY
From December 1991 to May 2008 at Thoracic Surgery
Unit of S. Maria delle Croci Hospital of Ravenna (Italy) 300
VATS procedures for pneumothorax or bullous disease on
282 patients (198 males and 84 females), with mean age of 41
years (range: 14 to 83 years), were performed. The indications

for surgery were: primary spontaneous pneumothorax 255,
secondary pneumothorax 38, large bullae 7. 18 patients needed
a second procedure: in 13 cases due to contralateral
pneumothorax and in 5 because of a recurrence on the same
side.
The thoracoscopic approach used, as it has been reported
elsewhere [3, 9, 10], was based on three ports accesses. If blebs
or bullae were found, they were removed by firing with the 30
mm stapling device. In case of undetectable bullous disease, the
apex of the lung was resected. Large bullae were deflated,
twisted and resected.
Up until April 1996 pleurodesis was achieved with apical
pleurectomy and afterwards this procedure has been replaced by
talc
poudrage.
In
secondary
pneumothorax
with
emphysematous lung and in recurrent pneumothorax, parietal
pleurectomy was preferred and parenchymal resections were
limited. At the end of the procedure one chest tube was
positioned and maintained in aspiration (-20 mm H2O) until the
second postoperative day. It was removed when no air leak was
observed and the patient was discharged the following day after
a chest x-ray. Patients were clinically followed up once a year.
RESULTS
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VATS was the starting approach in all cases. The site of
air leak was detected only in 12 patients. A resection of the
2009 Bentham Open

VATS Treatment of Pneumothorax and Bullous Disease

lung was performed in 289 cases. Apical pleurectomy was
carried out in 97 patients, subtotal pleurectomy in 15 and talc
poudrage in the remaining 198.
In 267 cases (89%) no complications were reported
during the procedure, while in 33 cases intraoperative
complications occurred. The greatest difficulty observed was
the mobilisation of the lung when the emphysematous tissue
or the bullae were adherent to the parietal pleura. In one of
these cases the left subclavian artery was accidentally injured
leading to sudden bleeding: an emergency thoracotomy with
blood transfusion was performed. In 15 cases the particular
location of bullae or small parenchymal lacerations required
unplanned additional resections and in three patients a
conversion to open surgery was needed in order to achieve a
satisfactory suture.
In two patients a conversion to thoracotomy was
performed to resect sessile giant bullae, because endostaplers
were unable to remove them safely. Moreover in 15 patients
a fourth port was added in order to accomplish a satisfying
control of the operating field or to obtain the right direction
of the endostapler for the resection. The majority of these
intraoperative complications occurred at the beginning of our
centre's VATS experience.
The postoperative course was uneventful in 279 cases
(93.0%) including patients who underwent thoracotomy.
Mean hospital stay was 4.5 +/- 5.3 days. In 21 cases
complications occurred. Two patients were re-operated on by
VATS due to bleeding: the first was a consequence of a
parietal pleurectomy and the second one due to a damaged
muscular vessel in a port site. Two patients with secondary
pneumothorax needed prolonged endotracheal intubation for
respiratory assistance for 5-8 days after surgery. Three
patients had pneumonia, which was successfully treated with
antibiotics and physiotherapy. In 12 patients prolonged air
leak for more than 5 days was detected. Two of them
underwent re-operation, because the lung was not completely
re-expanded after 12-14 days. These two cases were
surgically treated with further parenchymal sutures one by
VATS and the second one by thoracotomy. One of these
twelve patients was discharged on the 10th postoperative day
with a Heimlich valve, which was removed 15 days later.
One patient developed chest wall hematoma, where a port
had been inserted. One patient developed intermittent
unknown fever, observed for 7 days.
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out, residual blebs were not found: one patient underwent
talc poudrage and two of them underwent apical pleurectomy
during the first procedure. These techniques were not
effective for pleurodesis: in two cases the lung was adherent
to the pleura only in the apex and in one patient a completely
collapsed lung was observed.
DISCUSSION
VATS is the gold standard surgical approach for
pneumothorax and bullous disease. To resect blebs or bullae
and to achieve pleurodesis several techniques have been
described. The majority of the surgeons prefers endoscopic
staplers to remove bullous parenchyma, but also endoscopic
suturing [11, 12], endoloop ligation [2, 11-14] and cautery
[15-18] have been employed. Talc poudrage [19-21], pleural
abrasion [15, 22-25], pleural argon beam coagulation [26]
and partial pleurectomy [18, 27-31] are commonly
performed to achieve pleurodesis. In order to achieve an
efficient adhesion between the pleuras, Chen et al. [32]
suggest a mechanical pleurodesis by scrubbing the parietal
pleura followed by the instillation of minocycline through
the chest tube; Marcheix et al. [33] report a remarkable result
with silver nitrate.
The conversion rate to open surgery and postoperative
complication rate of the main experiences in literature are
showed in Table 1. Margolis et al. [19] report 0% of
intraoperative and postoperative complications: these are the
best results reported in literature but in this study the authors
enrolled only young adults (median age 19 years old) with
spontaneous pneumothorax. Higher complication rates are
reported in the other cited papers and they could be
explained by the fact that in their studies authors include
cases of secondary pneumothorax, which are known as very
difficult to manage [30, 34]. In our experience a conversion
rate to thoracotomy of 2.0%, mainly due to the treatment of
secondary pneumothorax, has been observed. Passlick et al.
[16], considering only patients with secondary
pneumothorax, report a conversion rate to lateral
thorachotomy of 29.4%. Moreover, several authors note that
conversion rate dramatically decreases with the improvement
of the experience in VATS procedures [18, 30].

Delayed postoperative complications involved the
peripheral nervous system: one case of Horner’s syndrome
which spontaneously disappeared one month after surgery
and four cases of severe intercostal neuritis which had been
treated for three to five months with non-steroidal antiinflammatory drugs.

The most serious intraoperative complication described
in the present series and confirmed by data in literature [18,
21, 24] is bleeding. In several cases it requires immediate
thoracotomy. Bleedings usually are due to injuries of
systemic vessels during the lysis of the pleural adhesions and
therefore it is necessary to proceed carefully during this step.
When a major vascular injury occurs, the surgeon must
quickly compress the vessel and perform a thoracotomy. If
the laceration is small or the bleeding is limited, it could be
thoracoscopically managed by applying clips.

Only 178 (60.3%) patients underwent long-term follow
up. With a mean period of follow up of 84 months (range 3180 months), recurrence of pneumothorax was observed in 6
cases (3.4%) and 3 of them (1.7%) required re-operation..
The recurrence occurred in 5 cases between 12 to 60 months;
only one patient had a complete collapse of the lung 15 years
after the first treatment. Three patients were simply observed
because the pneumothorax was minimal; one of these cases
had a second recurrence, but an invasive treatment was not
required. In three cases in which re-operation was carried

As it is reported in our series, a difficult adhesiolysis is
the main cause of conversion to thorachotomy [16, 25].
When the adhesions are extensive or very thick, proceeding
by VATS is very tough and therefore open surgery is more
expedient. Few authors [14, 35] report an initial thoracosopic
approach to treat sessile large bullae, but they are usually
obliged to convert it for a complete resection. There are no
significant correlations between the type of pleurodesis
performed and the conversion rate to thoracotomy: talc
poudrage, abrasion or partial pleurectomy do not affect a
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Table 1.
Authors

n. Cases

Conversion %

Postoperative Complication %

Mean Hospital Stay Days

Naunheim et al. [15], 1995

113

0

2.7

4.3

Yim & Liu [11], 1997

483

0

6.9

3

Liu et al. [12], 1999

757

0

6.5

4.5

Margolis et al. [19], 2003

166

0

0

2.4

Lang-Lazdunski et al. [22], 2003

167

0.6

27.4

7.7

Czerny et al. [28], 2004

113

0

2.7

2.4

Gossot et al. [24], 2004

185

1.6

3.4

5.1

Cardillo et al. [20], 2006

861

0.5

3.4

5.6

Ingolfsson et al. [30], 2006

238

2.3

16.0

4.0

Marcheix et al. [33], 2007

603

2.5

20.2

8.0

Present series

300

2.0

7.0

4.5

potential intraoperative change of approach. In the end, as it
has been recently reported [10], the introduction of
thoracoports and technical problems of the video-systems
could be also relevant causes of the conversion to open
surgery.
During the procedure some adverse events could be
managed without opening the chest: 1) lacerations of the
parenchyma can be repaired by the endostapler, 2) the
excision of large bullae can be performed using the
endostapler from different added port sites, 3) in large
pulmonary resections, where the residual parenchyma cannot
replace completely the chest cavity, the division of the
pulmonary ligament is recommended.
In the postoperative course there are some sporadic cases
of death [14, 17, 34]: they were not consequences of VATS
technique, but they were directly correlated to the poor
preoperative conditions of the patients. The mean hospital
stay ranges between 2.4-7.7 days and the morbidity rate
ranges from 0 to 27.4% (Table 1). Bleeding requiring reoperation have been reported by some authors [11, 12, 24,
28, 35], but the source of blood loss was undetectable in
several cases. In our experience bleeding was due to the
parietal pleurectomy and to the injury of muscular vessels
caused by the introduction of thoracoports.
Re-operation has also been reported in cases of persistent
air leak or early pneumothorax recurrence [14, 15, 17, 24,
26, 28, 30, 34, 36]. In secondary pneumothorax the failure of
VATS is due to an incomplete suture of the endostapler or a
poor pleurodesis. In order to reduce the complication rate we
recommend to check the air leak at the end of the procedure
and to stop it just before the insertion of the chest tube. It
must be underlined that, besides cases of re-operation, all
authors report prolonged air leak, which is the most common
postoperative complication. Other causes of morbidity,
reported in literature and described in the present series, are:
pneumonia [13], atelectasis [24], needing of mechanical
ventilation [17, 34], wound infections [11-13, 24], empyema
[12, 13, 30], pleural effusion [24], ARDS [30] and Horner’s
syndrome [20].

Long-term results of VATS treatment of pneumothorax
and bullous disease have to consider the chronic pain, the
recurrences and the consequences on the pulmonary
function. The resection of large bullae improves ventilation,
while there is no significant amelioration after blebs
resections. No studies showing the impact of the different
types of pleurodesis on ventilation have been published. Talc
poudrage does not seem to influence the ventilation, as it is
reported by Gyorik et al. [21] and Cardillo et al. [37], who
do not observe an impaired lung function five years after
surgery.
Chronic pain and chest wall paresthesia one year after the
procedure have been reported in about 21% of the patients
[22, 23, 27, 38], in particular in those who underwent
pleurectomy. In order to avoid these complications, Jutley et
al. [39] propose the uniportal VATS technique, but the study
is limited by the short follow up and by the small number of
cases. Chen et al. [40] have suggested the use of
needlescopic instruments which, compared with the
conventional ones, reduce the residual neuralgia. Probably
these methods will spread among surgeons in the next future
when the technique will be easier. Postoperative pain is
reported in literature [10] as a general complication of
VATS. We believe it is not specifically related to the
treatment of the pneumothorax. In patients who develop
pneumothorax the postoperative pain is more common,
probably because subjects are younger and much more
sensitive to pain. To evaluate the quality of life after surgical
treatment of pneumothorax Ben-Nun et al. [25] compared
VATS and limited thoracotomy observing that patients in the
thoracotomy group needed significantly higher doses of
narcotic analgesia for a longer period than patients in the
VATS group. Similarly Balduyck et al. [31] in a recent
prospective study have demonstrated that VATS has an
improved thoracic pain evolution than antero-lateral
thoracotomy. In the same paper they also report a significant
difference one month postoperatively between VATS and
open surgery in physical, role and cognitive functioning and
dyspnoea in favour of VATS.
The recurrence rate after VATS treatment for
pneumothorax is very low and it ranges between 0 and 5.8 %
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Table 2.
Authors

n. Cases

Mean Period of Follow Up (Months)

Recurrence Rate %

Naunheim et al. [15], 1995

121

13.1

4.1

Yim & Liu [11], 1997

518

20

1.7

Liu et al. [12], 1999

757

30

2.1

Margolis et al. [19], 2003

156

62

0

Lang-Lazdunski et al. [22], 2003

167

84

3.0

Czerny et al. [28], 2004

126

38.7

3.2

Gossot et al. [24], 2004

111

36.5

3.6

Cardillo et al. [20], 2006

805

52.5

1.73

Ingolfsson et al. [30], 2006

238

17

5.8

Marcheix et al. [33], 2007

184

33

1.1

Present series

178

84

3.4

(Table 2). Several studies have a period of follow up less
than five years and include primary and secondary
pneumothorax as well as different kinds of emphysematous
disease. Besides the cases in which there are evidences of
missed blebs or bullae, the recurrence seems to depend on
the type of pleurodesis performed. Apparently pleural
abrasion [22, 24] has been associated to slightly worse
results than talc poudrage [20], but it is very difficult to
compare the different retrospective data published in
literature.
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