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Introduction

Patients with stage I [classification of primary spontaneous 
pneumothorax (PSP) by Vanderschueren] (Table 1) are 
treated with pleurectomy or pleurodesis, while in stage III 
and IV the patients are additionally treated with lung wedge 

resection. Vanderschueren’s classification is often used to 
determine the extent of morphologic lung alteration for 
spontaneous pneumothorax. This classification consists of 
four different stages: stage I: no endoscopic abnormalities 
(normal findings), stage II: pleuropulmonary adhesions, 
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stage III: blebs/bullae less than 2 cm in diameter, and stage 
IV: bullae more than 2 cm in diameter (1). 

The surgical treatment available is only symptomatic. 
Simple pleurectomy does not prevent the formation of 
blebs. Chest surgeons, even if they are able to detect blebs 
in their typical locations, have difficulties detecting air leak. 
Hence the often-emerging doubts about the effectiveness 
and safety of additional lung wedge resection.

The guidelines do not explicitly define surgical 
procedures (2-6).

The aim of this study was to evaluate the efficacy and 
safety of chest wall pleurectomy in the treatment of PSP.

Methods

We performed a prospective consecutive study involving all 
patients with PSP, who underwent VATS pleurectomy from 
top to the diaphragm. Seventy-three patients were operated 
on in The Department of Thoracic Surgery in Zabrze, in 
the period from January 2008 to December 2014, with the 
implementation of thoracoscopic chest wall pleurectomy, 
33 (45.21%) of which had wedge lung resection performed 
additionally.

The study was reviewed and approved by Ethical 
Committee of SUM and individual patient consent was 
waived (KNW/022/kb1/3/14). 

The surgical indications included were as follows:

(I) Recurrent spontaneous pneumothorax on the 
same side;

(II) Lack of full lung expansion;
(III) PAL—persistent air leak >5 days;
(IV) Considering patient preference (profession, access 

to professional medical care).
Exclusion criteria:
(I) Pathological changes within the pulmonary 

parenchyma, which may indicate SSP (secondary 
spontaneous pneumothorax);

(II) Fluid in the pleural cavity;
(III) Infection;
(IV) Family occurrence of PSP.
Fifty-six men (76.71%) and 17 women (23.29%) aged 

18 to 45 years, M:F ratio 3:1 were treated and the average 
age was 29 years. Patients in the age group 18–24 years 
of age were predominant among men, and 25–34 years 
of age among women. Sixty persons (82.20%) of the 
analyzed group had never smoked tobacco. Former smokers 
accounted for 17.80% of the group (n=13). A recurrent 
pneumothorax was found in 27 (36.99%) patients (Table 2). 

In all patients, the onset of symptoms of pneumothorax 
was not associated with increased physical activity. In 42 
(57.53%) patients the symptoms appeared while watching 
TV, reading and sleeping, in 26 (35.62%) during a walk, 
and in 5 (6.85%) while performing household activities not 
associated with intense physical activity.

Sudden chest pain was reported by 66 (85%) patients.
The main 55-person (71.4%) group of patients referred 

to the Clinic were those in whom no lung expansion 
was attempted before the admission to the clinic, 
some were treated at other centers using conservative 
methods (observation of pneumothorax, oxygen therapy, 
physiotherapy). 

The second—a significantly smaller group of 18 
(24.66%)—were the patients in which lung expansion by 
pleural drainage or repeated puncture of the chest was 
attempted during the first 48 hours from the onset of 
emphysema. The treatment turned out to be ineffective in 
both cases.

Thirty-three (45.21%) of the patients from the study 
group did not seek medical assistance immediately after 
the onset of symptoms. The average time elapsed from 
the onset of symptoms of pneumothorax to surgery was  
3.4 days.

No changes in the lung parenchyma were shown in CT 
of the chest in majority of the patients (n=53, 72.60%). The 
remaining 20 (27.40%) patients had ELC. Pneumothorax 

Table 1 Abbreviations and acronyms

Acronyms Full spelling

PSP Primary spontaneous pneumothorax

VATS Video-assisted thoracoscopic surgery

P Pleurectomy

PD Mechanical pleurodesis

PC Chemical pleurodesis

ELC Emphysema-like changes

WR Wedge resection

AATD Alpha-1 antitrypsin deficiency

PAL Persistent air leak

BTS British Thoracic Society

OR Odds ratio

CI Confidence interval

SD Standard deviation
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on the right side in 45 (61.64%) patients, all patients had 
pneumothorax >2 cm, 10.95% of patients had total lung 
collapse.

The following parameters were determined:
(I) Evaluation of lung expansion after surgery;
(II) The percentage of postoperative complications;
(III) Reoperations;
(IV) Recurrences.
Follow-up was complete in all patients. Follow-up 

information was obtained from the hospital case records 
and from questionnaire completed.

Mean follow-up was 22 months.

Surgical care

Surgical procedures were performed using videothoracoscopy 
method in accordance with current applicable standards. 

Nearly half of the patients (n=33, 45.21%) had 
emphysema-like changes found intraoperatively. In 
most cases, they did not exceed 20 mm (stage III 
classification of PSP by Vanderschueren). One patient 
had 60 mm emphysema (stage IV classification of PSP 
by Vanderschueren). Individual changes were observed 
in 18 (54.5%) patients, multiple in 15 (45.5%). The most 
common location was the peak area of the upper lobe (70%), 
less common was the peak posterior area of the lower lobe 
(22%) and the changes were observed in other peripheral 
areas of the lung (8%) in individual cases.

Almost complete removal of the parietal pleura was 
performed in all patients (100%), and in 33 (45.21%) 
patients diagnosed with ELC the treatment was extended 
with resection of macroscopically changed lung parenchyma 
with the use of a stapler. 

Pathology postoperatively confirmed blebs/bullae in all 

specimens. 
The duration of the procedure was 68 min on average, 

SD 8.2, (40–75 min). 
A single drainpipe (28–30 ºF) was inserted into the 

pleural cavity following the completion of the intervention. 
For the first day, suction drainage with the force of up to 
−20 cmH2O was used. Post surgery, all patients underwent 
X-ray, received anticoagulant therapy, analgesics and 
antibiotics (amoxicillinum + acidum clavulanicum +  
2×1.2 g i.v.), some patients received passive oxygen therapy. 
The indications for the removal of the catheter from the 
pleural cavity were: failure to find pulmonary leak within 
24 hours of observation and drainage ≤100 mL of clear 
fluid. After removing the drains, radiological follow-up 
was performed. In the absence of full lung expansion, the 
decision on further procedure depended on the size of the 
collapse of the lung.

Statistics

The results of the laboratory tests and clinical studies 
were prepared using the elements of descriptive statistics 
(arithmetic mean, standard deviation, median, minimum, 
maximum) and presented in the form of tables.

Statistical inference was done using the following:
 Student’s t-test;
 ANOVA (analysis of variance);
 Mann-Whitney test;
 Correlation coefficient; where correlation was 

statistically significant, direction and strength of the 
relationship was determined. 
 P<0.05 +;
 P<0.02 ++;
 P<0.01 +++;

Table 2 Demographic and clinical characteristic of patient with PSP who underwent surgical treatment with pleurectomy vs. pleurectomy with 
wedge resection

Characteristic Group: pleurectomy, n (%) Group: pleurectomy + wedge resection, n (%) P value/χ2 test/t-test

Total 40 (54.79) 33 (45.21)

Sex, male 31 (77.50) 25 (75.76) P=0.861; χ2=0.031

Age, mean ± SD (years) 27.38±8.03 26.48±4.8 P=0.578; t=0.559

Smokers 0 13 (39.39) P<0.001; χ2=19.172

First incident of PSP 29 (72.50) 17 (51.52) P=0.065; χ2=3.417

Recurrent PSP 11 (27.50) 16 (48.48)

PSP, primary spontaneous pneumothorax.
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 P<0.001 ++++.
 Drainage (presented with days) did not have a normal 

distribution in the analyzed groups (P from the Shapiro-
Wilk test below 0.05), so the analysis was carried out with 
the Mann-Whitney test.

 The occurrence of haemothorax, major bleeding (loss of  
Hg >2 g/dL) and reoperation were analyzed using OR (odds 
ratio).

 In the case of PAL (persistent air leak >5 days) and 
recurrences of PSP, they occurred only in one of the 
groups, which made it impossible to calculate the OR. The 
significance of the differences between the groups was 
therefore checked by Fisher’s exact test.

 All statistics were calculated for significance level of 0.05.
All analytes were performed using a single open-source 

software package [R Development Core Team, 2009 (7,8)].

Results

Efficacy

The radiological post-surgery follow-up revealed 
incomplete expansion of the lungs in 6 (8.21%) patients. 
There was no statistically significant correlation between 
the range of surgery performed and the degree of the 
expansion of the lung (P=0.816). 

In patients in whom there were no postoperative 
complications, average drainage was 100 mL/day. In the 
group in which there were complications on the other 
hand, drainage was maintained for an average of 7 days, 
the amount of drained fluid was significantly higher 
and amounted to approx. 250 mL/day. No statistically 
significant correlation between additional resection of ELC 
with a stapler and the time duration of the drainage was 
found (P=0.926). 

No significant statistical significance (P=0.848) was 

found between the additional resection of the changed 
lung parenchyma with a stapler, and the occurrence of 
postoperative air leak (OR =0.873, 95% CI =0.249–3.063, 
P=0.846). There was no statistically significant difference 
in the duration of air leak (P=0.577) and the incidence of 
PAL (P=0.245). Pulmonary air-leak was observed in 12 
(16.44%) patients. More than half of the patients (n=9, 
69%) had spontaneous closure of the leak before 5 days. 
Three patients (25%) with persistent PAL were qualified 
for pleural cavity revision. Recurrences were more frequent 
in the group of patients treated with pleurectomy + wedge 
resection (P=0.04) (Table 3).

Safety

Haemothorax was found in 9 (12.32%) patients. Based on 
the obtained data, it was demonstrated that the additionally 
performed wedge lung resection did not increase the risk 
of haematoma in the postoperative period (P=0.145). Major 
bleeding (Hg >2 g/dL) occurred with similar frequency in 
both groups (P=1). Five patients were treated with puncture, 
average of 300 mL of bloody content was collected, and 
in the other four haemothorax was the indication for the 
revision of the pleural cavity with access via thoracotomy. 

In total, 7 (9.59%) patients were reoperated, the scope 
of the procedure did not increase the risk of reoperation 
(P=0.116). No infections or deaths occurred within the 
study group (Table 4). 

Comments

The exclusion criteria are not contraindication for surgery. 
However, for this patient in fear to complications, such as 
reoperation we conduct pleurodesis.

Re-examination of the pleural cavity due to the produced 

Table 3 Efficacy results of surgical treatment for PSP

Factor
Group: pleurectomy,  

n (%)
Group: pleurectomy + 
wedge resection, n (%)

Odds ratio 95% CI P value/t-test

Complete lung expansion 37 (92.50) 30 (90.91) 1.233 0.232–6.559 P=0.816

Drainage, mean ± SD (days) 4.65±3.89 4.58±2.67 – – P=0.926; t=0.093

Air leak, mean ± SD (days) 7 (17.50) 5 (15.62) 0.873 0.249–3.063 P=0.846

PAL (air leak >5 days) 3 (4.1) 0 – – P=0.245

Recurrences 0 4 (12.12) – – P=0.04

PSP, primary spontaneous pneumothorax.
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pleural-pulmonary adhesions is very difficult. These 
patients were excluded due to possible negative effect on 
the treatment outcome (presence of fluid in the pleural 
cavity points to the extended period from the occurrence 
of pneumothorax to expansion of the lungs). Patients with 
family history of PSP may constitute a separate group of 
patients. We excluded also patients with infection and 
pathological changes within the pulmonary parenchyma, 
which may indicate SSP. 

Based on the obtained results, we conclude that both 
methods do not differ from each other. In our study wedge 
resection was performed upon detection of bullae or air leak 
in the course of the operation (therefore in stage III and 
IV patients). The choice was dictated by higher recurrence 
rates in those groups of patients. We did not do routine 
wedge resection. Benefits of such conduct have been 
reported in literature. Within the selected group of patients 
with PSP in stage I (no endoscopical abnormalities) in 
group of patients who underwent pleurectomy accompanied 
by apical lung wedge resection, no recurrences were 
observed (P=0.009) (9). However in stage I, the frequency of 
relapses is very low. This method is not widespread because 
of the very low incidence of recurrences in stage I, and the 
possibility of ELC (emphysema like changes) occurrences 
in different regions of the lung. In the study recurrences 
is seen among the cohort with wedge resection. In our 
opinion this reflects the severer condition of this cohort. 

PAL is a major problem in treatment. The incidence 
of PAL was 5.48% and the results are consistent with 
observations of other authors (5–7%) (10,11). The relatively 
high incidence of PAL in the postoperative period could not 
be explained only by improper technique of resection of the 
changed pulmonary parenchyma. In addition, performing 
resection of the altered parenchyma did not increase the 
risk of postoperative complications, including PAL. This is 

also consistent with the study by Jiang et al. (12). According 
to the British recommendations, PAL lasting over 5 days 
is an indication for reoperation. This procedure was also 
adopted at the Clinic in Zabrze, even though 69% (9/12) 
patients had spontaneous resolution of air leak before the 
lapse of 5 days. Chee et al. showed in their work on a group 
of 130 patients that PAL resolves spontaneously in 100% 
before the lapse of 14 days (13). Because of this observation, 
we believe that it is worthwhile to reassess the indications 
for reoperation because of PAL. Wedge resection using a 
stapler is a safe method. We encourage to carefully search 
for ELC within the pulmonary parenchyma and to perform 
its resection. 

However, bullectomy alone does not significantly reduce 
the rate of PSP recurrences after operative treatment. This is 
also consistent with the study by Loubani (14) and Sahn (15).

The possibility of the occurrence of emphysemal changes 
in various parts of the lungs confirmed by studies is—in our 
opinion—a valuable observation. Diversification of treatment 
methods applies both to the techniques of pleuropulmonary 
symphysis formation and pulmonary pleura irritation. The 
possibility of the occurrence of emphysemal changes in 
various parts of the lungs draws attention to the extent of the 
irritation of the pleural wall as an important factor affecting 
the effectiveness of the treatment. 

The high percentage of patients should be noted, in 
whom there were no changes found in the lung parenchyma 
(72%). Multi-row imaging with layer thickness of 2 mm 
was analyzed in the study group. The protocol used shows 
high effectiveness of blebs detection of over 80% (16-18).  
However, ruptured emphysema blebs as places of leakage 
were found in the study group during surgery. Such 
cicatricial changes are difficult to visualize in CT. This is 
most likely the cause of the variance in results. Our results 
also indicate that the decision to qualify for surgery should 

Table 4 Safety results of surgical treatment for PSP

Factor
Group: pleurectomy,  

n (%)
Group: pleurectomy + 
wedge resection, n (%)

Odds ratio 95% CI P value

Haemothorax 7 (17.5) 2 (6.06) 0.295 0.057–1.526 0.145

Major bleeding Hg >2 g/dL 1 (1.36) 1 (1.36) 1.182 0.071–19.636 1

Infections 0 0 – – –

Re-operations 6 (8.21) 1 (1.36) 0.172 0.02–1.505 0.116

Deaths 0 0 – – –

PSP, primary spontaneous pneumothorax.
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not be dependent upon the presence blebs in the CT 
image. We would like to add, that in the past few years, new 
improved thoracoscopic methods emerged using contrast 
agents that increase the detection rate of ELC during 
surgical procedures (19,20). It may reduce the chances of 
PAL in the postoperative period. 

The percentage of postoperative complications in the 
study group was 17.8%. According to BTS Guidelines  
2010 (2), they should not exceed 16%. The reason for the 
high percentage of complications is the increased risk of 
bleeding associated with the use of the wall pleurectomy 
method. In the study group, pleural hematoma occurred 
in 9 (12.32%) of patients, in 4 it was an indication for 
reoperation.

Haematoma of the pleural cavity should occur as 
infrequently as possible and does not exceed 1.5% after 
mechanical pleurodesis (10,11). Re-revision of the 
pleural cavity is a big burden for the patient. After wall 
pleurectomy, relapses were observed in 5.5% of patients. 
The patients did not require reoperation. The efficacy 
is comparable to the results of PD and PC treatment 
methods. The results of a large meta-analysis covering 
542 articles from 2000–2011 confirm that pleurodesis and 
pleurectomy methods can compete with each other (21). 
Chen et al. found that pleural abrasion with minocycline 
pleurodesis is as effective as apical pleurectomy, 3.8% and 
3.8% respectively (22). Sepehripour et al. have confirmed 
that mechanical and chemical pleurodesis in combination 
with bleb resection show comparable results as complete 
removal of the parietal pleura (23). An opposite view was 
expressed by Huh together with colleagues he demonstrated 
superior efficacy of pleurectomy limited only to the top 
over mechanical pleurodesis, 9.1% and 12.3% respectively 
(P=0.01) (24).

Conflicting research results and better results/improving 
of PD and PC treatment methods confirm the need to 
conduct new research to accurately assess the efficacy of the 
available methods of pleuropulmonary symphysis formation 
and to determine the factors favorably influencing the 
effects of treatment.

The results indicate the need to increase the safety of 
the treatments. Due to the above, we criticize the wall 
pleurectomy procedure and we encourage limiting its 
performance. Before applying a more aggressive method 
like the excision of the pleural wall, pleurodesis should be 
the first choice, especially in young patients with benign 
disease and good prognosis. 

 Within the study group, antibiotics were administered 

to all patients during the postoperative period. There was 
no infection in the operated patients. In the literature, this 
complication may be as high as 7% (10,11). No results were 
found in other parameters.
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