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Abstract. 

Question of the study: to find out what�s the impact of different pleurodesis procedures on 

postoperative morbidity and late recurrence rate after surgical treatment of Vanderschueren�s stage 

III primary spontaneous pneumothorax. 

Materials: Since January 2001 through June 2004, 208 consecutive patients (169 male and 39 

female, average age 25, range 12-39 years) were submitted to 220 video-assisted thoracoscopic 

surgery 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).  

Results: The two groups of patients had similar characteristics. No intra- or post-operative deaths 

occurred. Postoperative morbidity was 6.25% for group A and 12.9% for group B (p=0.147): the 

two groups had similar persistent post-operative air-leak rate (5.3%, group A and 5.5% group B), 

whereas hemothorax was significantly more frequent after apical pleurectomy (n=8/108 � 7.4%) 

than after pleural abrasion (n=1/112 � 0.9%) (p=0.036). Mean follow-up was 46 months (range, 24-

66). Late recurrence occurred in 5 cases after apical pleurectomy (4.6%), and in 7 after mechanical 

pleural abrasion (6.2%) (p=0.82).  

Answer to the question: 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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Introduction. 

Primary spontaneous pneumothorax (PSP) is a relatively common disease, but its pathophysiology 

is still unknown [1]. In most cases no treatment is required other than thoracentesis or pleural 

drainage insertion. Recurrence rate after these treatments is considerably high; the international 

literature refers about an average rate of relapse of 30% after the first episode (range 16% to 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, pleurodesis (mechanical pleural abrasion, apical pleurectomy) by video-assisted 

thoracoscopic surgery (VATS); both procedures can be associated with apical lung wedge resection 

or not. Tube thoracostomy and instillation of pleural irritants showed a relapsing rate between 8% 

and 25% [3-4]; medical thoracoscopy with talc poudrage is reported to be associated with a 5% 

failure rate after a thorough follow-up during 5 years [5]. Recurrence rates after VATS or open 

surgery vary between 1% and 14% [6-13].  

During the last ten years, surgical literature has widely accepted the classification of PSP by 

Vanderschueren (Table 1) as a basis of decision making in the choice of surgical approach [12]. If 

operated , stage I and II patients without bullae are frequently treated just by pleurodesis 

(pleurectomy, mechanical pleural abrasion or talc poudrage), whereas patients in stage III and IV 

receive additional treatment of their bullae in the pathogenesis of PSP. Actually, some authors 

question the real role of peripheral blebs or bullae in the pathogenesis of PSP [14-17]. As a matter 

of fact, histopathological analysis of resected subpleural blebs or bullae has not always shown 

defects responsible for the air leakage [18,19]. Hence, bullectomy has not been proven to 

necessarily prevent recurrence, whereas pleurodesis producing a diffuse pleural symphysis seems to 

be really effective. 
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Although many pneumologists chose to perform pleurodesis through thoracoscopic talc instillation, 

still, during the last ten years, VATS has been accepted as the standard procedure to manage 

recurrent or persistent Vanderschueren�s stage III PSP. It is still controversial which one of the 

procedures is safer and more effective in performing pleurodesis. To date, no randomised 

prospective study has been published comparing pleural abrasion to parietal pleurectomy, while 

post-operative morbidity and long-term results for both procedures have been investigated and 

compared. 

   

Material and methods. 

Since January 1st 2001 through June 31 2004, 489 patients under 40, affected by recurrent or 

persistent PSP (air leak from the pleural drainage at first episode persisting for more than 5 days) 

were referred to our institutions for surgical management. All patients were submitted to three-

portal video-assisted thoracoscopic surgery (VATS). General anaesthesia was administered with 

double-lumen intubation.  The patient was placed on the table as for muscle sparing lateral 

thoracotomy. Single-lung ventilation was begun before the 1.5-cm skin incision was made in the 

sixth intercostal space in the midaxillary line, and a 0-degree 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. Pathologic lesions diagnosed during endoscopic examination were 

classified according to the Vanderschueren�s classification [20]: stage I: no endoscopic 

abnormalities (n=47, 9.6%); stage II: pleuropulmonary adhesions (n=99, 20.2%); stage III: 

blebs/bullae less than 2 cm (n=208, 42.5%); stage IV: bullae more than 2 cm (n=135, 27.6%). This 

paper focuses on those patients affected by stage III Vanderschueren�s PSP (n=208). All patients 

were submitted to a minimal wedge resection of their blebs or bullae with the endoscopic stapler 
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(SCB 45, Ethicon Endosurgery Inc., Cincinnati,OH). 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 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 allow successive 

comparison. Parietal pleurectomy or mechanical abrasion were carried out from the fifth rib, either 

on the left side up to the level of subclavian artery, or on the right side up to the brachial-cephalic 

trunk; the front and rear limits were 1 cm laterally to the sympathetic nerve chain and 1 cm laterally 

to the internal mammalian artery, respectively. Mediastinal pleura was not involved by the surgical 

procedure. Surgeons of both institutions were familiar with both techniques and these were carried 

out in the same way in both Centers (one of us participated to all procedures). One hundred fourteen 

patients were randomized at the Thoracic Surgery Unit, University �A. Avogadro�, Novara (58 

Group A and 56 Group B) and 106 patients were randomized at the Thoracic Surgery Unit, �E. 

Morelli� Regional Hospital, Sondalo (54 group A and 52 group B) respectively.   

One 28F chest tube was placed through the inferior incision and adequate lung re-expansion was 

monitored. The tube was connected to an underwater seal suction with a negative pressure of 10 cm 

H2O during the first 6 hours after surgery, to allow an easy and immediate detection of a pleural 

haemorrhage. Surgical specimens were systematically sent to the pathology department for 

pathological examination and to confirm bleb and bullae dimensions. 

Patients were extubated in the operating theatre and were carried to the ward after 4-6 hours of 

observation in the intermediate care unit. Daily chest X-ray were carried out on each patient. Chest 

tube was usually removed when air-leak had resolved, the lung had fully expanded and the pleural 

drainage was less than 100ml/24 hours. Non-steroidal anti-inflammatory drugs were not 

administered during the entire post-operative period to avoid post-operative bleeding and 
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interference during the process of pleural adhesion formation. Daily postoperative pain was 

measured by a visual analog scale (graded 0 to 10) and recorded. Post-operative analgesia was 

secured with continuous intravenous 0.15 mg/kg/hr tramadol plus 1.2 mg/kg/hr paracetamol until 

the chest tube is removed. Patients have been discharged the day after chest tube removal. After 

discharge, each patient was followed-up for an average 46 months period (range 24 � 66): chest X-

ray and clinical observation was carried out at 1, 3, 6, 12, 18, 24 months and every year after the 

first 24 months, till June 2006. In the periodical visits during the first 6 months, patients were asked 

about their residual wound pain and paresthesia (disordered sensation causing chest wall discomfort 

which can be easily distinguished from wound pain) and they were requested to express it using the 

same visual analog scale they had been using while in hospital. Pneumothorax recurrence was 

defined as a pneumothorax greater than 10% of the hemithorax in size, diagnosed through chest X-

ray and confirmed by chest CT-scan. 

The 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, the amount of pleural 

drainage (post-operative blood loss), duration of chest drainage, postoperative complications, post-

operative stay in hospital, incidence of late recurrence. 

 

All data are to be taken as average ± SD. The Student t-test was used for the statistical analysis. The 

Person�s Chi-squared test was used to ascertain the significance between the categorical variables. 

A p-value smaller than 0.05 was taken as significant. 

The study has been authorised by the Internal Ethic Committee of our institutions and all patients 

have expressed and signed preoperative consent. 

 

Results. 

During the period mentioned above, 220 consecutive procedures were carried out on 208 patients, 

either for first recurrent or for persistent spontaneous pneumothorax in Vanderschueren�s stage III 
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patients. Patients characteristics are illustrated in Table 2. There were no differences in age, sex, 

weight, height or smoking status and clinical appearances were similar. 

Among 208 patients, 12 were submitted to VATS for controlateral 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 average operating time was higher for Group B 

than for Group A (55 ± 18 min vs 38 ± 16 min, respectively), and there was a significant difference 

(p=0.0001). Post-operative acute bleeding (over 200 ml/hour for 3 consecutive hours after the 

operation) was observed in 8/108 procedures (7.4%) of Group B and in 1/112 procedures (0.9%) of 

Group A; the difference was statistically significant (p=0.036). The above 9 patients were submitted 

to immediate re-intervention with removal of the blood clot and haemostasis; the remaining post-

operative period was uneventful.  

Average 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 (p=0.065).  Persistent air leak rate was 

similar for the two groups: in 6/112 procedures (5.3%) of Group A and in 6/108 procedures (5.5%) 

of Group B air leakage was longer than 5 days (p=0.978). Average postoperative chest-drain 

duration for these cases was 8.17 ± 1.72 days for Group A, and 8.67 ± 2.34 days for Group B. 

Thanks to the minimal entity of air loss, most patients were observed until the complication was 

spontaneously resolved. One patient of each group had great air leak on postoperative day 5 and 

was submitted to re-done VATS: in both cases an imperfect stapler line suture was detected and re-

application of endoscopic stapler was performed with complete control of the air leakage. Chest 

tubes were removed in day 2 and 3 after the second operation. 

Post-operative pain levels are illustrated in Table 3. Early post-operative pain resulted not to be 

dependent on the adopted pleurodesis technique. Considering the overall post-operative term, 

Group B patients demonstrated a residual chest pain and discomfort significantly higher than Group 

A patients (p=0.001).   



 8

Average stay in hospital depended on the chest-drain duration and was 3.52 ± 1.55 days for Group 

A and 3.89 ± 1.71 for Group B; no statistical difference had been recorded (p=0.08). 

During the follow-up period after the first 24 months, it has not been possible to track down 25 

patients (18.8%) from Group A and 18 (16.7%) from Group B. Recurrence occurred in 5 cases after 

parietal pleurectomy (4.6%) and in 7 cases after mechanical pleural abrasion (6.2%), (p=0.821). 

Average recurrence time was 11.57 ± 12.57 (range 1-32) months for Group A and 11.4 ± 15.34 

(range 1-38) months for Group B; there was no significant difference (p=0.984). One out of 5 

recurrences (20%) in Group B and 2 out of 7 recurrences (28.5%) in Group A occurred over 24 

months after the surgical treatment. Two out of  7 recurrences in Group A were of limited entity and 

were treated only by observation; the other 5 required re-operation by VATS and pleural abrasion. 

One out of 5 recurrences in Group B was only observed due to limited entity, whereas the other 4 

required re-operation by VATS and  pleural abrasion. As far as the requirement of redo-surgery for 

the treatment of the late recurrences is concerned, there was no difference between the two groups.       

 

Discussion. 

The so called PSP affects primarily young healthy people and it remains a global problem with an 

incidence of 18-28/100,000 per year for men and 1.2-6/100,000 per year for women [21]. Smoking 

is a relevant risk factor for PSP; recently the British Thoracic Society Pleural Disease Group 

emphasized the relationship between smoking and the recurrence of pneumothorax [22]. 

Pathophysiology of pneumothorax remains unclear. Although blebs and bullae rupture is considered 

the main cause of spontaneous pneumothorax, most of the literature gives very poor evidence to the 

real data, and is now considered controversial [23].  

In the past, some authors referred that histopathological analysis of surgically resected subpleural 

blebs or bullae has not always revealed holes responsible for air leakage on the resected [18-19]. By 

comparing video-thoracoscopic findings in patients with first episode to those in patients with 

recurrent pneumothorax, Jansen and colleagues did not find any more blebs or bullae in recurrent 
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PSP. This would suggest that blebs or bullae are not a major risk factor of PSP [14]. Three recent 

not randomised reports about the results obtained by treating PSP by bullectomy alone suggested 

that bullectomy without pleurodesis does not prevent recurrence of PSP [14,18-19]. 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 seem to be smoking related) 

might be ground of 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. Most likely distal airway inflammation due to cigarette smoking may play 

a fundamental role [24]. 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 all over the world widely agree that, at its first occurrence, PSP should be 

managed conservatively (observation to chest-drain insertion), considering that only 20-25% of 

patients has a recurrence [22-25]. PSPS should be surgically treated only in the case of persistent air 

leakage after chest drainage at the first episode or in the case of ipsilateral or contralateral 

recurrence [22-25]. Although blebs or bullae are not always proved to be the real causes of first 

episode PSP and its recurrences, nowadays in the surgical world, when apical blebs or bullae are 

identified, blebectomy or bullectomy are considered to be a rational part of the treatment of 

complicated PSP [26]. Minimally invasive surgical approaches to blebectomy or bullectomy are 

desirable. In 1998 Massard and colleagues published a review about the minimally invasive 

management for first and recurrent pneumothorax and analysed immediate and long-term results of 

axillary minithoracotomy and video-assisted surgery. They concluded that video-assisted 

thoracoscopy is not superior to axillary minitoracotomy when post-operative hospital stay, related 

morbidity and long-term outcome are compared [26].    

The role of pleurodesis has been clearly established [27], but the choice of method to prevent 

pneumothorax recurrence is still controversial. Methods of promoting adequate pleural symphysis 
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include instillation of talc, mechanical abrasion, apical pleurectomy, or extended pleurectomy 

[8,10,12,28]. Although in experimental study talc insufflation produced the most widespread and 

firm fibrotic adhesions, the American College of Chest Physicians and the British Thoracic Society 

do not consider talc pleurodesis as initial treatment of complicated PSP [24,25,29]. Mechanical 

pleural abrasion and apical pleurectomy are considered acceptable VATS pleurodesis techniques 

[24,25]. Some authors avoid pleurectomy and prefer mechanical abrasion, not only for the increased 

morbidity of the former, but also because it could impair later operations [30]. Chan and colleagues 

reported high risk of bleeding and post-operative neuralgia in apical pleurectomy [31]. However, in 

a retrospective study presented by Ayed and colleagues, apical pleurectomy was found to be more 

effective to produce pleural symphysis than pleural abrasion [12]. To date there are no randomised 

trials comparing different pleurodesis techniques.  

In our series we randomly assigned mechanical pleural abrasion and apical pleurectomy 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 

postoperative bleeding rate requiring re-operation) and involves a shorter operating time than apical 

pleurectomy. Conversely, the prolonged post-operative air leak appeared to be similar in both 

surgical procedures, which indicates that continued air leak should not be attributed to surgical 

pleurodesis failure. In only one case from each group the cause of the persistent air leakage was 

detected because, having the patients been submitted to re-done VATS, the leakage was 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 bullae lesions have been recognised to be important reasons of a 

prolonged post-operative course [7,12,31].  

Mechanical pleural abrasion and apical pleurectomy have appeared to be equivalent as far as 

immediate post-operative chest-pain is concerned. The relatively high proportion of patients with 

moderate post-operative pain is probably due to our decision not to use anti-inflammatory drugs as 
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analgesics, both to reduce the risk of post-operative bleeding and not to influence the process of 

pleural adhesion after abrasion or pleurectomy. Patients submitted to apical pleurectomy 

experienced a mild chest pain and discomfort lasting longer than in patients submitted to apical 

pleural abrasion, as previously described in the literature [31]. This is probably related to an 

intercostal nerves damage, which is more extended during pleurectomy than during pleural 

abrasion.   

Stay in hospital is directly related to the occurrence of post-operative complications, in particular 

the persistent air leak. The same incidence of this post-operative morbidity among patients 

submitted to either pleurectomy or pleural abrasion leads to a non significant difference in the 

duration of the stay in hospital for the two procedures.  

Even though some reports have suggested apical pleurectomy to have greater efficiency than pleural 

abrasion in preventing recurrent pneumothorax, our study has not demonstrated any difference in 

recurrence rate when the two procedures were compared [12,31]. The overall recurrence rate at an 

average follow-up of 46 months was 5.4%, ranging between 4.6% for apical pleurectomy and 6.2% 

for pleural abrasion. Our recurrence rate is comparable to those reported in the literature, ranging 

between 3% and 5.7% [6-13,31]. 

Summing up, the lower operating time and procedure related morbidity (immediate post-operative 

bleeding and post-operative chest pain duration) proved that pleural abrasion is safer than apical 

pleurectomy in the treatment of complicated PSP, whereas the long term efficacy in preventing 

recurrent pneumothorax seems to be the same. Therefore, the authors recommend pleural abrasion 

as pleurodesis procedure in young healthy people when a VATS blebectomy or bullectomy is 

considered necessary for Vanderschueren�s stage III PSP patients. 
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Table 1. Vanderschueren�s classification of primary spontaneous pneumothorax. 

 

Stage I: no endoscopic abnormalities 

Stage II: pleuro-pulmonary adhesion 

Stage III: blebs/bullae less than 2 cm in great diameter 

Stage IV: bullae more than 2 cm in great diameter 
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Table 2. Patients characteristics. 

 

   Group A     Group B  p-value 

Age (mean ± SD), yrs    24.5 ± 6.89  25 ± 6.51  0.580 

Sex (male/total) (%)    84/106 (79.3)  85/102 (83.3)  0.575  

Side (right/total) (%)    62/112 (55.3)  63/108 (58.3)  0.753 

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

Weight (mean ± SD), kg   65 ± 10.8  63 ± 9.5  0.145 

Height (mean ± SD), cm   174 ± 9.7  176 ± 8.2  0.121 

 

Clinical appearance  

pneumothorax, n (%)  

Recurrent     91 (81.25)    86 (80)  0.986 

Persistent     21 (18.75)    22 (20)  0.949 
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Table 3. Early and long-term postoperative pain and analgesic drug requirement. 

 

   VAS grading     

   Group A   Group B p-value  

PO day 0 3.04 ± 0.96 3.23 ± 0.94    NS 

PO day 1 2.41 ± 0.99  2.48 ± 0.99    NS 

PO day 2 1.95 ± 0.93 1.98 ± 0.87    NS 

PO day 3 1.68 ± 0.84 1.71 ± 0.75     NS 

PO day 7 1.38 ± 0.96 1.41 ± 0.84     NS 

PO day 30 0.68 ± 0.80 0.91 ± 0.96   0.04 

PO day 90 0.48 ± 0.38 0.61 ± 0.63   0.04 

PO day 180 0.31 ± 0.64 0.58 ± 0.61  0.001 
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