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ABSTRACT
Background Video-assisted thoracoscopic surgery
(VATS) is an increasingly common treatment for recurrent
or persistent primary spontaneous pneumothorax (PSP).
Surgery usually involves diffuse treatment of the pleura
and possible targeted therapy to areas of bullous
disease. The purpose of this large cohort study was to
examine incidence of recurrence after VATS and identify
predictors of outcome.
Methods Patients undergoing VATS for PSP at a single
centre between 2000 and 2012 were prospectively
enrolled. All patients underwent talc poudrage. Targeted
surgical techniques were used based on presence of air
leak and Vanderschueren’s stage. Patients had clinical
and radiological follow-up for at least 2 years (median
8.5 years).
Results 1415 patients with PSP underwent VATS with
talc poudrage. The most frequent indications were
recurrent pneumothorax (92.2%) and persistent air leak
(6.5%). The complication rate was 2.0% of which 1.7%
was prolonged air leak. There was no mortality. Median
length of stay was 5 days. Recurrent pneumothorax
occurred in 26 patients (1.9%). At the time of surgery,
592 patients smoked (43%) and they had a significantly
higher incidence of recurrence (24/575, 4.2%) than non-
smokers (2/805, 0.2%), p<0.001. The incidence of
recurrence in those undergoing bullae suturing (3.8%,
n=260) was significant higher than those undergoing
poudrage alone (0.3%, p=0.036).
Conclusion The marked difference in recurrence
between smokers and non-smokers suggests this as an
important predictor of outcome. This study demonstrates
a low incidence of recurrence and complications for
patients with PSP undergoing VATS with talc poudrage.
Talc poudrage requires prospective comparison with
pleurectomy and mechanical abrasion.

INTRODUCTION
Video-assisted thoracoscopic surgery (VATS) for
pneumothorax is associated with a marked reduc-
tion in recurrence to around 3%.1 Without inter-
vention, recurrence rates after primary spontaneous
pneumothorax (PSP) are variably reported, with
studies quoting rates as low as 26% and as high as
49% at 1 year.2 3 VATS is typically well tolerated,
increasing in popularity and is the procedure of
choice in many centres.4 5

A meta-analysis, combining randomised and non-
randomised studies has suggested that there is a
higher recurrence rate associated with VATS com-
pared with open thoracotomy.6 A systematic review,

however, including only randomised studies con-
cluded that VATS was superior to thoracotomy in
terms of pain relief, duration of hospital stay and
atelectasis following the procedure.4 Much of the
data suggesting a higher recurrence rate with VATS
than with open thoracotomy were reported prior
to 2000 and the demonstrated learning curve asso-
ciated with VATS may be a reason for the initially
poor results and explain why recent randomised
studies have shown no difference in recurrence
rates between VATS and an open approach.1 7

International management guidelines typically
advocate thoracic surgical intervention for patients
with non-resolving pneumothorax, a recurrent
episode, haemothorax, bilateral pneumothoraces or
for professions at risk,8 though in the future the
indication for definitive treatment may expand to
patients predicted to have a high risk of recurrence
after an initial episode.9

A previous study of VATS for complicated or recur-
rent PSP (n=432) demonstrated a lower rate of recur-
rence associated with talc poudrage compared with
subtotal pleurectomy when used alone or alongside
ligation or stapling of bullae (1.8% vs 9.2%).10 A
subsequent study of VATS with talc poudrage includ-
ing 861 patients reported recurrence in 1.7%.11

The role of blebs and bullae in the aetiology of
air leak in pneumothorax is not precisely
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understood.12 A study using fluorescein-enhanced autofluores-
cence thoracoscopy has suggested the presence of air leak in
areas distinct from visually abnormal lung, in support of the
concept of diffuse air leak causing pneumothorax.13 The evi-
dence that pleurodesis alongside bullectomy reduces recurrence
compared with bullectomy alone also points towards the need
for diffuse treatment alongside more targeted therapy.14–16 A
variety of surgical techniques have been used to treat bullous
disease and there is a lack of evidence as to whether alternative
strategies influence recurrence rates.

We have conducted a large, prospective cohort study of con-
secutive patients undergoing VATS and talc poudrage for PSP in
order to better establish the long-term incidence of recurrence
and complications associated with this procedure. We also
aimed to establish variables affecting recurrence including
patient factors and the nature of the surgical procedure, specific-
ally regarding the intervention used to treat bullae.

METHODS
This study was a prospective observational cohort study of
patients requiring VATS for PSP. All patients who underwent
VATS at Carlo Forlanini Hospital, Rome, Italy, between January
2000 and December 2012 (inclusive) were invited to take part
in the study. The research was approved by the hospital institu-
tional review board and informed consent was obtained from
each patient. Carlo Forlanini Hospital is one of six thoracic
surgery units serving the region of Lazio, which has six million
inhabitants.

Details of all patients included in the study were prospectively
collected. Patients with known underlying lung disease or trau-
matic pneumothorax were excluded. Past medical history,
smoking status and indication for surgery were recorded pro-
spectively. Data missing at the time of enrolment were collected
later during follow-up.

All operations were performed under general anaesthesia
using a double-lumen endotracheal tube and single lung ventila-
tion. A two-port or three-port technique was used and a 10 mm
endoscope was used. The lung was carefully inspected for the
presence of blebs or bullae (defined as subpleural, thin walled,
air-filled spaces visible at thoracoscopy). In all patients the lung
was examined during ventilation with saline in the pleural cavity
to establish the presence of an air leak. Vanderschueren’s stage
was recorded (see table 1).

Talc poudrage was performed with nebulisation of 3–4 g of
sterile graded talc (Steritalc). Talc poudrage was performed
under direct visual control ensuring distribution of talc from the
apex to the diaphragm.

Decisions on the intervention performed at VATS were made
on the basis of the presence and size of blebs and bullae and the
presence or absence of an air leak assessed by the water test (see
figure 1). In some subgroups, the surgical procedure performed
varied; this was based on differences in practice of individual
surgeons.

For patients with no identified air leak and no evidence of
bullae, talc poudrage was performed in isolation. In patients
with no leak and Vanderschueren’s stage 3 or stage 4, patients
underwent talc poudrage alone, or they underwent talc poud-
rage alongside bullae resection or bulla suturing.
Electrocoagulation was performed in a small number of selected
patients with very small bullae (<1 cm) and no identified air
leak.

In patients with an air leak and Vanderschueren’s stages 1–3,
bullae were sutured or resected. Patients with an air leak and
Vanderschueren’s stage 4 underwent resection, and for those
with giant bullae in whom a lung-sparing procedure was not
possible, lobectomy was performed.

Electrocoagulation involved treating small bulla at the visceral
pleural surface with diathermy. Bullae suturing was achieved
through the use of a no-knife stapler (Ethicon Endo-Surgery,
Cincinnati, Ohio, USA) at the base of the bulla to avoid a leak.
Bullae ligation was achieved with a 0 or 00 coated Vicryl
Roeder loop (Ethicon, Somerville, New Jersey, USA) and was
performed in small number of patients in view of concerns of
frequent recurrence. Bullae resection was accomplished with an
endostapler (Ethicon Endo-Surgery, Cincinnati, Ohio, USA).
Surgical details including conversion to thoracotomy, pleurod-
esis technique, intervention to bulla and complications were
recorded contemporaneously.

Follow-up
Chest radiographs were performed on all patients at 1, 3 and
6 months following surgery and annually for the following
5 years. In the event of a missed appointment, patients were
contacted by telephone. All patients were also followed up by
telephone in December 2014 to establish the incidence of recur-
rence. Patients lost to follow-up were censored at the point of
last known follow-up and patients with no available follow-up
data were excluded from analysis of recurrence.

Statistical analysis
The primary end point of the study was cumulative incidence of
recurrent pneumothorax. Cumulative incidence is reported at
1 year and at 2 years. Secondary end points were surgical com-
plications, duration of inpatient stay and chest drain removal by
day 4. Drain removal by day 4 was selected as a longer dwell
time than this was likely to lead to a delay in discharge.
Persistent air leak was defined as a complication if it persisted
for >7 days. We summarised outcomes both overall and accord-
ing to the surgical intervention. We used χ2 tests to compare dif-
ferences in complications and time of drain removal between
different surgical interventions, and used the Kruskal–Wallis test
to compare differences in length of stay between different surgi-
cal interventions. We then fitted a multivariable Cox regression
model to assess the impact of patient factors (smoking status,
gender, side and Vanderschueren’s stage) and surgical proce-
dures on time to recurrence. We also adjusted for date of
surgery as a continuous variable. Patients lost to follow-up were
censored at the time of last known follow-up and patients
without a recurrence were censored at the end of the follow-up
period. Patients with no available follow-up information were
excluded. Statistical analyses were performed with STATA
(V.13.1).

RESULTS
A total of 1415 patients underwent VATS over the 13-year
study period. All patients had talc poudrage and five patients
underwent partial pleurectomy in addition to talc poudrage.

Table 1 Vanderschueren’s stage

Vanderschueren’s stage Thoracoscopic appearance

Stage 1 No endoscopic abnormalities

Stage 2 Pleuropulmonary adhesions
Stage 3 Blebs or bullae <2 cm in greatest diameter
Stage 4 Bullae >2 cm in greatest diameter
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Thirty-five patients had no available follow-up data; recurrence
data were therefore available for 1380 patients. Median
follow-up was 8.5 years (IQR 4.9–11.9). All patients were
followed up for a minimum of 2 years.

Characteristics of patients, surgical indications and the pres-
ence of bullae are shown in table 2. Two patients were

converted from VATS to open thoracotomy. The number of sur-
gical interventions used through the study period are provided
in table 3.

Postoperative stay and complications
Mean postoperative stay was 5.4 days (95% CI 5.4 to 5.5) and
ranged from 4 to 12 days. A total of 1282 patients (90.6%) had
their drains removed by the fourth postoperative day. Drains
were removed from 92 patients (6.5%) on day 5, from 29
patients (2.0%) on day 6 and from 12 patients (0.8%) after
≥7 days.

Complications occurred in 29 patients (2.0%). In the majority
of cases (n=24), this complication was a prolonged air leak
(1.7% of total); one patient had significant bleeding postopera-
tively, one patient had postoperative empyema and three
patients had a localised pleural effusion without evidence of
infection. There was no mortality.

Recurrent pneumothorax
Recurrent pneumothorax occurred in 26 patients (1.9%).
Treatment of recurrence was a simple intercostal drain in 9
patients, repeated VATS and talc poudrage in 16 patients and
open thoracotomy in 1 patient.

Recurrence was identified in 25 patients due to a recurrence
of symptoms and in 1 patient recurrence was identified on a
chest radiograph in the absence of symptoms. Recurrence
occurred at a median of 13 months (IQR 8–16.5). Thirteen epi-
sodes of recurrence occurred in the first year following surgery
and 12 episodes in the second year after surgery. The only
recurrence later than this occurred at 26 months.

Recurrence according to intervention
None of the five patients undergoing partial pleurectomy as well
as talc poudrage had recurrence. In total, 1003 patients had
bullae; of these, 314 patients (31.3%) had pleurodesis alone,
with the remainder undergoing intervention to their bullae.

Figure 1 Flow diagram showing
selection of thoracic surgical
intervention based on surgical
findings.

Table 2 Patient characteristics

Variable Result

Sex—n (%)
Male 1078 (76.2)
Female 337 (23.8)

Age (years)—median (IQR) 25.3 (21.0–29.4)
Side of pneumothorax—n (%)
Right 842 (59.5)
Left 573 (40.5)

Smoking history—n (%)
Never smoker 810 (57.2)
Current smoker 592 (41.8)
Ex-smoker 13 (0.9)

Vanderschueren’s stage—n (%)
Stage 1 29 (2.0)
Stage 2 383 (27.1)
Stage 3 801 (56.6)
Stage 4 202 (14.3)

Surgical indication—n (%)
Recurrence 1304 (92.2)
Persistent air leak 92 (6.5)
Haemopneumothorax 13 (0.9)

First contralateral episode: 4 (0.3)
Bilateral pneumothorax 1 (0.01)
Profession at risk 1 (0.01)
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A range of targeted surgical interventions were carried out, the
details of which are described in table 4.

Recurrence was most common in patients undergoing bullae
suturing (3.8%), electrocoagulation (3.9%) and ligation
(15.0%). There was no evidence of a statistically significant dif-
ference in time to drain removal between surgical intervention
groups (p=0.92). There was also no evidence of a statistically
significant difference in the incidence of complications between
surgical interventions (p=0.892). Surgical intervention did sig-
nificantly influence length of hospital stay (p=0.025). Hospital
stay was shorter in the bulla resection group, but by only
0.2 days (5 h) compared with the poudrage-only group, and
therefore is unlikely to reflect a clinically important reduction.

Influence of patient and surgical factors on risk of
recurrence
The HR of recurrence associated with patient and surgical
factors is demonstrated in table 5. Recurrence of pneumothorax
was significantly more likely in current smokers compared with
non-smokers. The incidence of recurrence in current smokers
was 24/575 (4.2%) and in current non-smokers was 2/805
(0.2%). Suturing and ligation of bullae were associated with a
significantly increased risk of recurrent pneumothorax com-
pared with patients with bullae who underwent poudrage alone.
Electrocoagulation led to a higher incidence of recurrence com-
pared with poudrage alone; however, this difference was not
statistically significant.

Figure 2 demonstrates the recurrence of pneumothorax asso-
ciated with Vanderschueren’s stage, intervention to bullae and
smoking status. These graphs demonstrate the low incidence of
recurrence after 2 years and particularly marked divergence of
pneumothorax recurrence curves associated with bullae ligation
and current smokers.

DISCUSSION
This prospectively collected surgical series of 1415 patients
undergoing VATS with talc poudrage for PSP is currently the
largest published. All patients underwent talc poudrage, and tar-
geted surgical treatment was undertaken in selected patients
based on Vanderschueren’s stage and the presence of air leak.
The study incorporated a robust system to detect recurrence
through clinical follow-up, with a follow-up period longer than
most other previously published series (median 8.5 years).

The overall cumulative incidence of recurrence in this study
was 1.9%. Of note, VATS poudrage alone, either in patients
with bullae (n=307) or without bullae (n=395) was associated
with a recurrence in only 0.3% and 1.0%, respectively. Bullae
ligation and bullae suturing were associated with a significantly
higher incidence of recurrence, 15.0% and 3.8%, respectively.
VATS surgery had a low complication rate of 2.0%. The most
common complication was a prolonged air leak, which occurred
in 1.7%. There was no surgical mortality.

Despite a long follow-up period (Median 8.5 years), the latest
episode of recurrence occurred at 26 months. Recurrent
pneumothorax occurred with similar frequency in the first and
second year after VATS. The recurrence rate following this
2-year period appears negligible, suggesting that if recurrence is
to occur it will do so in the first two postoperative years, with a
lack of recurrence at this point strongly suggesting long-term
success.

There is a relative lack of published data related to talc poud-
rage via VATS for PSP. Previous studies have typically used
mechanical abrasion to achieve pleurodesis17–20 or pleurect-
omy.15 21 Data concerning talc poudrage at thoracoscopy are
predominantly from this centre10 11 or from studies examining
local anaesthetic thoracoscopy.22 There are no randomised trials
assessing the efficacy of talc poudrage at VATS, though a retro-
spective analysis of 787 patients with PSP treated with bullect-
omy and either abrasion or talc poudrage demonstrated a
shorter hospital stay and surgical time as well as lower complica-
tion rates in the group undergoing talc poudrage compared with
the group treated with mechanical abrasion. This study also
demonstrated a trend towards a lower incidence of recurrence
with poudrage than with abrasion (p=0.116).23 Available data
for VATS pleurectomy or mechanical abrasion suggest an inci-
dence of recurrence after these techniques considerably in
excess of that reported in our series. The incidence of recur-
rence following VATS in a large randomised controlled trial in
patients with PSP was 14.2% in the group treated with mechan-
ical abrasion and bullectomy (n=657).17 The recurrence rate
reported by Barker et al of 5.4% for patients undergoing VATS
for PSP overwhelmingly represented patients receiving pleurect-
omy or mechanical abrasion.6

The potential role of VATS after an initial episode of primary
pneumothorax is not recommended by guidelines,8 though in
the future there may be subpopulations for whom its use may
be advocated.9 A randomised controlled trial comparing local
anaesthetic thoracoscopy and talc poudrage with simple chest
drain in patients with PSP has demonstrated a cost-saving asso-
ciated with thoracoscopy.24 A further recent study of VATS as a
first-line therapy in pneumothorax has demonstrated a cost-
saving and improvement in quality of life compared with
patients treated with a chest drain.25 These studies have not yet
resulted in a change in practice and a widening of the indica-
tions for VATS; however, our large cohort providing robust,
prospective data on complication and recurrence may add
weight to an expansion of the role of definitive treatment earlier
in the patient pathway.

The striking difference in incidence of recurrence between
current smokers (4.2%) and non-smokers (0.2%) suggests that
this factor is of key importance in influencing recurrence risk
following VATS. Smoking appears an important predictor of
recurrent pneumothorax even after VATS with an over 16-fold
increased risk of recurrence seen in smokers. This study did not
include collection of data on smoking cessation rates, and so it

Table 3 Surgical interventions used over study period

Time period Poudrage only Bulla resection Bulla sutured Bulla ligation Electro-coagulation Lobectomy Poudrage only (no bullae) Total

2000–2002 56 107 66 7 7 2 90 335
2003–2005 107 45 76 4 8 1 85 326
2006–2008 85 29 59 5 16 1 91 286
2009–2012 66 172 64 5 21 0 140 468
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is unclear if smoking cessation after surgery will reduce recur-
rence rates, though there is evidence of a reduction in recur-
rence of pneumothorax in patients with an initial PSP without
surgical treatment and this may be a crucial and modifiable risk
factor.26

Previous studies assessing the role of local anaesthetic thora-
coscopy for pneumothorax have suggested that this is a cost-
effective intervention for a first spontaneous pneumothorax
compared with tube drainage and have demonstrated recurrence
in around 5%.24 27 The role of bullae intervention and the
extent to which this affects recurrence is a key factor in a com-
parison between local anaesthetic thoracoscopy and VATS.
A more precise understanding of the risks and benefits of the
varied bullae interventions may further help drive down the

incidence of recurrence after VATS. The results of this study
demonstrating a lower incidence of recurrent pneumothorax in
patients with bullae undergoing talc poudrage alone (0.3%)
than those without bullae undergoing talc poudrage (1.0%) may
be supportive of the strategy of undertaking talc poudrage alone
in patients with visible bullae and no active air leak at the time
of thoracoscopy.

Use of talc as a pleurodesis agent has been limited in patients
with pneumothorax, in contrast to its more widespread use in
malignant pleural effusion. Historically, concerns have been
related to cases of acute respiratory distress syndrome (ARDS)28

or the presence of asbestos. The use of large-particle French
talc, as used in this study, has been shown to not be associated
with ARDS,29 an effect thought to be mediated by particle

Table 4 Incidence of recurrence according to surgical intervention to bullae

Surgical
intervention

Total
no.

Current
smoker
%

Vand.
stage
median
(IQR)

Available
follow-up
data (n)

Cumulative
incidence of
recurrence at
1 year % (n)

Cumulative
incidence of
recurrence at
2 years % (n)

Drain
removal by
day 4, %
(n)

Mean length of
stay (days) (95%
CI)

Complications
% (n)

Poudrage only
(bullae present)

314 38.2 3 (3–3) 307 0.3 (1) 0.3 (1) 89.8 (282) 5.5 (5.4 to 5.6) 2.2 (7)

Bulla resection
(standard stapler)

353 45.0 3 (3–4) 344 1.2 (4) 1.7 (6) 89.5 (316) 5.3 (5.1 to 5.4) 1.7 (6)

Bulla sutured
(no-knife stapler)

265 40.0 3 (3–4) 260 2.3 (6) 3.8 (10) 90.9 (241) 5.5 (5.4 to 5.6) 2.3 (6)

Bulla ligation 21 61.9 3 (3–3) 20 5.0 (1) 10.0 (2) 95.2 (20) 5.6 (5.2 to 5.9) 0 (0)
Electrocoagulation 52 53.8 3 (3–3) 51 0 (0) 3.9 (2) 90.4 (47) 5.4 (5.2 to 5.6) 0 (0)
Lobectomy 4 75 4 (4–4) 3 0 (0) 0 (0) 100 (4) 5.5 (4.6 to 6.4) 0 (0)
Poudrage only (no
bullae)

406 40.1 2 (2–2) 395 0.3 (1) 1.0 (4) 91.6 (372) 5.4 (5.3 to 5.5) 2.5 (10)

Vand. Stage, Vanderschueren’s stage.

Table 5 Risk of recurrence according to patient factors and intervention*

Recurrence % (no.) HR 95% CI p Value

Sex
Female (reference group) 0.6 (2/329) 1.00
Male 2.3 (24/1051) 2.91 0.67 to 12.65 0.15

Current smoking status
Non-smoker (reference) 0.2 (2/805) 1.00
Smoker 4.2 (24/575) 15.18 3.55 to 64.75 <0.001

Bulla intervention
Poudrage only (reference) 0.3 (1/307) 1.00 –

Bulla resection (standard stapler) 1.7 (6/344) 4.14 0.47 to 36.11 0.20
Bulla sutured (no knife stapler) 3.8 (10/260) 9.38 1.16 to 76.04 0.036
Bulla ligation 15.0 (3/20) 26.68 2.75 to 258.57 0.005
Electrocoagulation 3.9 (2/51) 9.51 0.86 to 105.53 0.067
Lobectomy 0.0 (0/3) n/a† n/a –

No Bullae 1.0 (4/395) 5.51 0.02 to 1415.94 0.55
Vanderschueren’s stage
1 3.4 (1/29) 9.17 0.81 to 103.73 0.073
2 (reference) 0.8 (3/372) 1.00
3 1.8 (14/785) 2.11 0.01 to 392.16 0.78
4 4.1 (8/194) 3.47 0.02 to 678.70 0.64

Side
Right (reference) 1.7 (14/826) 1.00
Left 2.2 (12/554) 1.47 0.68 to 3.21 0.33

Bold text indicates variables used as a reference group for risk of recurrence.
*HRs were estimated using a multivariable Cox regression model.
†The HR for lobectomy could not be estimated due to the small sample size.
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size.30 Reassuringly, lung function measures 5 years after VATS
with talc poudrage show no significant deterioration compared
with control patients with pneumothorax not undergoing poud-
rage.31 Additionally, follow-up data up to 35 years after talc
poudrage for pneumothorax are reassuring with respect to its
long-term safety.32–34 Concern has previously been expressed
regarding the ease with which VATS could be undertaken subse-
quent to talc pleurodesis,12 and though re-VATS is feasible in
this population after talc poudrage it is described as being more
demanding than following mechanical abrasion and there is a
considerable rate of conversion to thoracotomy.35 36

This study represents a large cohort of patients from a single
centre of expertise, and results may not reflect those seen in
other centres. As this study is observational, no clear conclusions

can be drawn regarding the relative effect of different interven-
tions on recurrence. Surgical procedures were performed on the
basis of Vanderschueren’s stage, the presence or absence of air
leak and variations in practice among surgeons, some of which
may have changed over the study period. As a result of this,
comparison between surgical groups is limited by confounding
variables. As patients undergoing talc poudrage alone universally
had no air leak seen at a water test, no firm comparisons can be
made between this cohort and the cohort of patients with air
leak undergoing targeted surgical treatments and the multivari-
able analysis should therefore be interpreted with caution.
Randomised controlled trial data are required to establish
whether talc poudrage is superior to mechanical pleurodesis or
pleurectomy for treatment of PSP and whether the efficacy of
VATS poudrage in patients with bullous disease, without an
active air leak, is improved by the addition of direct surgical
intervention to bullae.

In conclusion, this study of 1415 patients has established a
low incidence of pneumothorax recurrence (1.9%) in patients
undergoing VATS with talc poudrage. This is considerably lower
than the incidence of recurrence reported in studies using VATS
with pleurectomy or mechanical abrasion. Complications
occurred in 2.0%, though the vast majority of these were pro-
longed air leak following surgery and there was no mortality.
Bullae suturing and bullae ligation were associated with a signifi-
cantly higher incidence of recurrence compared with patients
undergoing talc poudrage alone even when controlled for
smoking status and Vanderschueren’s stage. Current smoking
status at the time of surgery is strongly associated with recurrent
pneumothorax after VATS. This study is the largest prospective
study of VATS for PSP and demonstrates VATS with talc poud-
rage in this population is a highly efficacious and safe
procedure.
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