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ABSTRACT: Simple thoracoscopic talcage (TT) is a safe and effective treatment of
primary spontaneous pneumothorax (PSP). However, its efficacy has not previously
been estimated in comparison with standard conservative therapy (pleural drainage
(PD)).

In this prospective randomised comparison of two well-established procedures of
treating PSP requiring at least a chest tube, cost-effectiveness, safety and pain control
was evaluated in 108 patients with PSP (61 TT and 47 PD).

Patients in both groups had comparable clinical characteristics. Drainage and
hospitalisation duration were similar in TT and PD patients. There were no
complications in either group. The immediate success rate was different: after
prolonged drainage (w7 days), 10 out of 47 PD patients, but only 1 out of 61 TT
patients required a TT as a second procedure. Total costs of hospitalisation including
any treatment procedure were not significantly different between TT and PD patients.
Pain, measured daily by visual analogue scales, was statistically higher during the first 3
days in TT patients but not in those patients receiving opiates. One month after leaving
hospital, there was no significant difference in residual pain or full working ability: 20
out of 58 (34%) versus 10 out of 47 (21%) and 36 out of 61 (59%) versus 26 out of 39
(67%) in TT versus PD groups, respectively. After 5 yrs of follow-up, there had been
only three out of 59 (5%) recurrences of pneumothorax after TT, but 16 out of 47 (34%)
after conservative treatment by PD. Cost calculation favoured TT pleurodesis
especially with regard to recurrences.

In conclusion, thoracoscopic talc pleurodesis under local anaesthesia is superior to
conservative treatment by chest tube drainage in cases of primary spontaneous
pneumothorax that fail simple aspiration, provided there is efficient control of pain by
opioids.
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Primary spontaneous pneumothorax (PSP) is a
condition with high morbidity and high recurrence
rate, often requiring hospital admission. The incidence
of a first episode of spontaneous pneumothorax (SP)
has been calculated as 8.6 per 100,000 persons per year
and of recurrent SP as 8.3 per 100,000 [1]. There is no
consensus about treatment of SP, especially of the first
event. However, there is general consensus that some
treatment is mandatory with second or recurrent SP.
Treatment options include pleurodesis, pleurectomy
associated with bullectomy by thoracotomy or video-
assisted thoracoscopic surgery (VATS), or thoraco-
scopic talcage (TT) by medical thoracoscopy. It has
been shown both clinically [2, 3] and experimentally
[4] that talc is the best sclerosing agent currently
available for obtaining pleurodesis. However, many
therapeutic approaches [5–8] combine talc or surgical

pleurodesis with bullectomy or bleb resection or
coagulation, although it has not been shown that
specific treatment of blebs or bullae improves the
outcome of pleurodesis. JANSSEN et al. [9] showed that
there was no difference in videothoracoscopic appear-
ance between first and recurrent pneumothorax and
concluded that the presence of bullous lesions did not
predict recurrence. Recently, a prospective study [10]
showed that for complicated pneumothorax, defined
as recurring or persistent pneumothorax, simple TT
under local anaesthesia prevented recurrence of SP.
In a retrospective study, SCHRAMEL et al. [11] showed
that VATS was more cost-effective than conservative
management in primary and secondary SP. However,
there has been no prospective study on the manage-
ment of PSP that has included assessment of cost-
effectiveness and pain control.
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The prospective randomised trial reported here was
designed to compare the short- and long-term efficacy
of TT under local anaesthesia with that of chest tube
drainage. Side-effects, recurrence rate and pain felt
by the patient during and after each procedure were
prospectively assessed, and the costs of the two pro-
cedures was calculated as precisely as possible. With
the opportunity of performing a European multi-
centre study, the authors also evaluated how clinicians
use analgesics for optimal pain control after the
procedures, and whether TT is more painful than
a conservative treatment such as chest tube drainage.
In addition, residual pain, working ability 1 month
after leaving the hospital and all the recurrences of
pneumothorax at long-term follow-up were assessed.

Materials and methods

Study design and data collection

From January 1995–November 1997, all patients
presenting with a PSP were included in the study if
they were f50 yrs and had a large pneumothorax
(w5 cm at the apex requiring a chest tube drainage),
or a pneumothorax that failed attempted simple
aspiration according to previous published guidelines
[12]. Patients with a pneumothorax and bullae w5 cm
diameter or secondary SP (i.e. iatrogenic, traumatic or
due to concomitant lung disease) were excluded.

The study received approval of each local ethical
committee. Patients gave written informed consent
and were randomised to either pleural drainage (PD)
or TT by using sealed envelopes. All data were
collected prospectively by computerised questionnaire
and then pooled in one centre (C. Boutin; complica-
tions, daily pain assessment, drainage duration and
hospital stay, total hospitalisation costs, immediate
and long-term recurrence rate at follow-up). Patients
were reviewed at 1, 6, 12 and 18 months after inter-
vention and were specifically asked about residual
pain and full working ability 1 month after leaving the
hospital. For the purpose of the study, recurrence of
SP was defined as a relapse of pneumothorax requir-
ing any further intervention, either immediately or
during a second hospitalisation. Long-term follow-up
was obtained by telephone contact with the general
practitioner or the patient.

Thoracoscopy

Thoracoscopy was standardised as follows: patients
were premedicated with atropine (0.5 mg) and received
titrated midazolam and pethidine or morphine during
the procedure under careful supervision and conti-
nuous monitoring of blood pressure, electrocardio-
gram, oxygen saturation and end tidal carbon dioxide
pressure; patients breathed spontaneously with sup-
plementary oxygen on request; no general anaesthesia
was used at any time.

Thoracoscopy was carried out in the lateral
decubitus position under local anaesthesia with 1%
lignocaine. A 7-mm trocar was inserted into the fourth

or fifth intercostal space in midaxillary line. A 0u
optical telescope was inserted and connected to a
video camera and monitor. The visceral pleura were
carefully inspected using supplemental air insufflation
where necessary. No electrocoagulation, stapling or
ligation of any parenchymal lesions was carried out.
Sterile asbestos-free talc (2 g) was insufflated particu-
larly to the apex. At the end of the procedure a drain
(24–28 French gauge) was inserted through the sixth
intercostal space in the midaxillary line and connected
to underwater seal suction with a negative pressure of
20 cmH2O for o2 days or until air leakage stopped.
When an air leak persisted for w7 days, another
procedure was perfomed and the case was considered
as an immediate failure. The authors waited 1 week
before proposing a second intervention in order to
optimise the chances of success in both groups and
to avoid overtreating failed cases of conservative
treatment.

Chest tube drainage

In both groups, patients were treated with a chest
tube of the same size (24–28 French gauge) connected
to a water seal device. No suction was used initially in
the PD group, but suction was applied after 12 h if the
lung failed to re-expand. The chest drain was removed
when bubbling had stopped for w24 h and the lung
was fully re-expanded.

Cost calculation

Cost calculation was made by taking into account
all the costs of each procedure and related hospitalisa-
tion, except equipment depreciation costs. Since this
was a multicentre study, a standardised method of
cost calculation was used. All the economic param-
eters were recorded for each patient and the data were
centralised in Marseille. French tariffs at Conception
Hospital, Marseille, France were taken as reference.
Details have been published previously [13]. In brief,
costs can be divided into procedure costs (TT or PD)
and hospitalisation costs. However, these included
only the total costs of the first hospital stay for treat-
ment of pneumothorax or its immediate recurrence
and several patients were treated for late recurrences
of pneumothorax in other hospitals not belonging to
the study group.

For TT or PD the costs between centres was stand-
ardised as follows (table 1): total drug and material
consumption was calculated including disposable and
reusable material (assuming depreciation over a
period of 5 yrs) and 2 h use of an endoscopic suite
in case of talc poudrage; for each procedure, the mean
time a professional spent treating six patients was
calculated and rounded up to the highest last 5 min
(for PD, 20 min of a physician9s and 30 min of a
nurse9s time; for TT, 50 min of a consultant anaes-
thetist, 30 min of a pulmonologist and a resident
physician, 210 min of an anaesthesia nurse, 125 min
of a specialised nurse and a room assistant).

Costs of hospital stay varied between patients and
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included routine blood tests, blood gas tensions, daily
chest radiographs (before and after intervention), and
dressing changes every 3 days. Daily hospitalisation
manpower costs were calculated as 10 min of physi-
cian9s and 120 min of nurse9s time.

To simplify the calculation, 20 patients in each
group were randomly selected from the central data-
base in Marseille and their total mean cost was
calculated. The costs of repeat talcage in the event of
procedure failure were calculated as a mean per
patient. There were four out of 20 secondary talcages
in the 20 PD patients and none in the 20 TT patients.

Pain assessment and analgesics

Patients rated pain using a 10-cm visual analogue
scale (VAS) immediately after intervention and then
once daily in the morning lying at rest. The analgesic
policy was different in each centre, and was not
influenced by the design of the study. Although the
complete consumption of drugs, including analgesics,
was reported for cost calculation, only analgesics in
three categories are reported here: opioids, paraceta-
mol and nonsteroidal anti-inflammatory drugs.

Statistics

The primary outcome of this study was the rate of
recurrence (early plus late) of pneumothorax in the
two groups. In the PD group, the expected recurrence
rate was 30–50%, and in the TT group 5–7% [3]. Thus,
in order to obtain a power of o80% with a signifi-
cance level of 5% to detect a difference, o44 subjects
per group were required. As the majority of recur-
rences of PSP occur in the first year, the authors chose
a mean follow-up of o18 months, with the patient
being clinically reviewed. Thereafter, follow-up was
obtained by calling the outpatient physician and the
patient if necessary.

Data are expressed as mean¡SD. Characteristics
were compared using the unpaired two-tailed t-test
and Chi-squared or Mann-Whitney test for nonpara-
metric data. p-Values of v0.05 were considered as

significant. Analysis of variance was used to compare
repeated measurements of pain by VAS.

Results

Patients, hospital stay and total costs

One-hundred and eight patients with PSP took part
in the study: 20 from Montana, Switzerland; 26 from
Marseille, France; 19 from Nijmegen, The Nether-
lands; 12 from Basel, Switzerland; five from Yvoir,
Belguim; nine from Turnhout, Belguim; and 17 from
Brescia, Italy. There were no differences between the
two groups in characteristics of the patients, duration
of drainage or hospital stay (table 2).

No patient was excluded because of conversion to
general anaesthesia during thoracoscopy. The imme-
diate success rate was significantly different between
the two therapeutic approaches: before leaving the
hospital 10 out of 47 (21%) PD patients required a
secondary talcage after prolonged drainage (w7 days),
whereas only one out of 61 (2%, pv0.01) TT patient
required surgery as a supplementary procedure after
w7 days of unsuccessful chest tube drainage.

Total costs were based on the tariffs at Conception
Hospital, Marseille, France, and calculated taking
into account all costs generated in 20 patients
randomly selected in each group. The costs of four
out of 20 PD patients who proceeded to talcage were

Table 1. – Costs of procedures

Professional (time min) Thoracoscopic talcage euros Professional (time min) Pleural drainage euros

Pulmonologist (30) 20.55 Pulmonologist (20) 13.70
Resident physician (30) 6.60
Anaesthetist (50) 34.20
Anaesthesia nurse (210)# 62.55
Room nurse (125)} 33.15 Nurse (30) 7.95
Room assistant (125)} 26.20
Total 183.25 Total 21.65
Anaesthesia materialz 83.05 Local anaesthesia§ 4.05
Endoscopic suite costsz 125.80 Material§ 24.55
Total 392.10 Total 50.25

#: including time to check the patient after thoracosocopic talcage; }: including time to clean the room after the procedure; z:
including drugs, disposable material, linen, reusable equipment (5 yrs depreciation); §: endoscopic suite building investments
(10 yrs depreciation).

Table 2. – Patient characteristics

Thoracoscopic
talcage

Pleural
drainage

Subjects n 61 47
Age yrs 28¡8 (16–49) 27¡7 (18–43)
Male % 70 68
Smokers % 72 55
Recurrent PSP % 77 64
Hospital stay

duration days
8¡3.6 7.4¡3.9

Drainage
duration days

5.4¡3.8 5.3¡3.3

Data are presented as mean¡SD unless otherwise stated.
PSP: primary spontaneous pneumothorax.
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also taken into account in the cost calculation. The
mean duration of drainage and hospitalisation were
similar in these TT and PD patients (5.1¡3.7 and
8¡3.7 versus 5.2¡3.4 and 7.4¡4 days, respectively) and
similar to the entire study population. The mean
waiting time was significantly different before TT or
PD (1.57¡1.27 days and 0.84¡1.02, respectively,
pv0.05). As expected, costs of talcage were higher
than simple chest tube drainage, but there was no
difference in the costs of hospitalisation between the
two procedures, and when calculating the mean total
cost per patient there was no significant difference
between the two approaches (table 3).

Complications, side-effects, pain control and analgesic
regimen and working ability

No complications or side-effects were recorded
in any patient at any time, apart from pain measured
by VAS and low-grade fever in 12 patients after talc
pleurodesis for 1 or 2 days. All patients received
analgesic treatment, but surprisingly, four out of
seven centres did not routinely use opioids even after

TT. There was no significant difference in the type of
analgesics between the two groups, although more TT
patients received opioids than PD patients (table 4).
Pain score was slightly, but significantly higher in TT
patients during the first 3 days (fig. 1a). However,
pain control policy was not the same in the different
participating hospitals. In the three centres where
opioids were used systematically after talc poudrage,
there was no difference in pain score at any time
between these 24 TT patients and the 14 PD patients
(fig. 1b). Moreover, when comparing the 48 TT patients

Table 3. – Costs# of hospitalisation and total costs# per
patient for thoracoscopic talcage and pleural drainage

Thoracoscopic
talcage

Pleural
drainage

Professional
(time?day-1 min)
Physician (10) 60.20¡35 53.05¡28
Nursing care (120)} 501.35¡288 441.50¡237

Materials
Radiographs 254.15¡168 232.25¡106
Blood tests 83.15¡34 75.60
Drugs 10.75¡13 4.65¡5
Dressings and

chest tube
8.35¡6 7.90¡5

Clothing and
cleaning

24.80¡14 21.85¡12

Food 126.25¡77 115.15¡62
Secondary talcage

procedure§
78.40

Total hospitalisation
costs

1069.00¡635 1030.35¡455

Total costsƒ 1461.10¡635 1080.60¡455z

#: cost in euros; }: including all the time spent for each
patient (technical and supportive care) as measured by a
rating score; §: n=6; ƒ: procedurezhospitalisation; z: p=0.09.

Table 4. – Analgesic use after thoracoscopic talcage or
pleural drainage

Thoracoscopic
talcage

Pleural
drainage

Subjects n 61 47
Opioids (%) 48 (79) 25 (52)
Paracetamol,

propacetamol (%)
37 (60) 22 (47)

NSAID (%) 23 (38) 21 (45)

Data are presented as n (%) unless otherwise stated.
NSAID: nonsteroidal anti-inflammatory drugs.
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Fig. 1. – Visual analogue scale (VAS) pain score after thoraco-
scopic talcage (TT, %) and pleural drainage (PD, h) in a) all
patients (TT n=67 and PD n=47), b) in patients in centres which
systematically used opioids after TT (TT n=24 and PD n=14), and
c) in TT and PD patients systemically receiving opioids (TT n=48
and PD n=25). *: pv0.05.
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and the 25 PD patients who systematically received
opioids, there was again no difference in pain score at
any time (fig. 1c).

One month after leaving the hospital, there was no
difference between TT and PD patients in residual
pain or full working ability: 20 out of 58 (34%) versus
10 out of 47 (21%, p=0.5) and 36 out of 61 (59%)
versus 26 out of 39 (67%, p=0.6), respectively.

Long-term follow-up and recurrence rate

Mean follow-up was 60.5¡34.3 (29–79) months and
54.0¡33.2 (28–74) months, respectively in TT and PD
groups. The total recurrence rate, i.e. immediate and
long-term recurrence rate, was substantially higher in
PD patients (16 out of 47, 34%) than in TT patients
three out of 59 (5%, pv0.01, fig. 2). Unfortunately,
two cases in the TT group were lost at follow-up.

Discussion

The choice of treatment of patients with spon-
taneous pneumothorax depends on the patient9s
presentation with a first time or recurrent pneumo-
thorax and the presence of a primary or secondary
pneumothorax, i.e. a pneumothorax related to some
underlying lung disease [11].

In this study, looking at PSP requiring chest tube
drainage, excellent overall results were obtained using
simple talc pleurodesis by thoracoscopy without any
resection or coagulation of blebs or bullae. As seven
centres participated in the study, there were not
identical numbers of patients in the two groups
because the randomisation blocks were too large.
The authors recognise that it would have been
preferable to have smaller blocks with better central
monitoring of the distribution between the two
groups, especially as some centres included few
patients in the study. As there was no difference in
patient characteristics between the two groups, this is
unlikely to affect the results. Moreover, if the worst
case scenario is taken, with even numbers in both

groups (54 versus 54), seven patients from the talcage
group would have been in the chest tube drainage
group. If none of these seven patients had developed a
recurrence, the total recurrence rate would have been
15 out of 54 in the PD group versus three out of 54 in
the TT group. Such a difference in recurrence rate
between TT and PD would still remain significant
(pv0.01).

Other than pain and fever, no complications were
recorded after talc pleurodesis, which is not surprising
because it has been shown previously that talc
pleurodesis under local anaesthesia is safe [2, 8–10],
although these findings contrast with a few recent
studies [14, 15]. In terms of recurrence of spontaneous
pneumothorax after talc pleurodesis, the present
results are comparable with other surgical [16–22]
and medical [2, 3, 8, 23, 24] studies, and support the
hypothesis that the site of rupture of the visceral
pleura might be other than bullae or blebs [25]. This
suggests that a simple and efficient pleurodesis might
be sufficient to control air leak in spontaneous
pneumothorax. However, as previously suggested by
JANSSEN et al. [9], another prospective controlled
study, comparing recurrence rate of spontaneous
pneumothorax after pleurodesis alone to pleurodesis
and bullectomy in patients with visible lesions, is
required to prove such a hypothesis. The present study
confirms results of previous nonrandomised studies
[2, 8, 10, 23, 26–28], and shows that TT under local
anaesthesia is rapid, safe, inexpensive and highly
effective in preventing recurrence of spontaneous
pneumothorax. It is not surprising that the costs of
talc pleurodesis were very close to the costs of
conservative treatment by chest tube drainage,
because medical thoracoscopy is a nonsurgical tech-
nique that has been performed throughout Europe
since the beginning of the 20th century [2, 29]. The
procedure is routinely performed under local anaes-
thesia and spontaneous ventilation in a simple
endoscopic suite. BOUTIN et al. [30] recently showed
that the cost of treating pneumothorax by this
technique was about one-third of that of VATS.

This study confirms the results of a recent retro-
spective study [11] that showed that it is more cost-
effective to treat PSP immediately with VATS, than to
wait for recurrence in 30–50% of patients. There was
no significant difference in total costs between the
two approaches, and the authors recognise that they
would have obtained a further reduction of 62% in the
cost of treatment if they had simply used thoraco-
scopic talc pleurodesis. The present authors did not
take the costs of rehospitalisation for late recurrence
into account, which would certainly have further
increased overall costs in the chest tube group, as
there was only a three out of 59 (5%) chance of
late recurrence in the talc pleurodesis group, but a
six out of 47 (13%) chance in the conservative group.
Due to the design of the study, these costs could not
be calculated, which would have further favoured
immediate talc pleurodesis under thoracoscopy. A
careful study of costs was carried out for each patient,
and the present authors are unaware of any other
prospective study of this type. For practical reasons,
20 patients in each group were randomly selected to

**
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25

15
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Fig. 2. – Immediate (&) and long-term (h) recurrence rates of
pneumothorax after pleural drainage (PD) or thoracoscopic
talcage (TT). **: pv0.01.
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calculate the mean total cost per patient of each
approach. As the rate of immediate failure of PD was
the same for these 20 patients as for all the patients
who benefited from PD, one may reasonably conclude
that they were representative of all the patients with
PD. There was immediate failure in one case out of 61
(2%) in patients who underwent immediate TT, but
due to random selection, this patient was not included
in the 20 chosen for cost calculation. The mean
waiting time before both interventions was short but
different between the two procedures. If the patients
had not been participating in the study, the waiting
time could have been easily avoided, which would
have decreased the length of hospital stay. The
difference in cost between the two interventions, PD
and TT, is explained by the necessary preliminary
check-up by the anaesthetist before thoracoscopy, and
the need for more material and manpower for
thoracoscopy. The hospitalisation costs were similar
in the two groups, as postinterventional nursing and
medical care were the same. It could be argued that
the cost of medical VATS was deliberately under-
estimated. However, the study was multicentre and
the authors did not interfere with local rules for
performing TT and analgesia before, during or after
intervention. The only requirement was to perform
the procedure under local anaesthesia and sponta-
neous ventilation without intubation at any time. The
manpower used for thoracoscopy was not the same in
the participating centres; some hospitals used no
anaesthesiology staff. However, for the calculation
of mean cost of thoracoscopy, the maximum man-
power used was considered, i.e. two anaesthetists. No
significant differences in working ability and residual
pain 1 month after leaving the hospital were found
between patients treated by PD or talc poudrage,
confirming that thoracoscopic pleurodesis with small
amount of talc does not lead to any permanent clinical
disablement.

Pain has been reported after TT in isolated cases
[23], but this recent study did not report the analgesic
regimen used. Therefore, differences in pain felt by
patients after talc pleurodesis or PD were assessed in
this study. The analgesic policy of participating
hospitals was not influenced. The analgesic regimen
for each patient was recorded, although not reported,
and showed that pain was significantly greater after
TT in centres that did not use any opioids, whereas no
difference in pain score at any time was found between
the two groups when patients systematically received
opioids (fig. 1). The present authors believe that the
results presented here are true because daily VAS
assessment of pain was carried out under standardised
conditions [31]. However, it remains surprising that
not all the involved centres systematically used opioids
during and after talcage, as there were no serious side-
effects related to their use. These results suggest
underuse of analgesics, especially opioids in this situa-
tion. Pulmonologists performing thoracoscopy should
learn better use of more efficient therapeutic tools
from anaesthetists [32], such as patient-controlled
analgesia. This method has been extremely important
in changing the minds of physicians and nursing staff
with respect to individual pain management [33].

In conclusion, this multicentre prospective study
shows that simple thoracoscopic talcage under local
anaesthesia is a safe, cost-effective treatment for
patients with primary spontaneous pneumothorax
requiring at least chest tube drainage, with less
morbidity provided there is efficient control of pain
by opioids. In view of these results, patients should be
informed about the recurrence rates of different
treatment strategies and given the choice between
chest tube drainage and immediate talcage.
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