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I. INTRODUCTION 
 
Spontaneous pneumothorax (SP) is a current problem in the daily practice 

of the surgeon. It is an emergency requiring hospitalization, dynamic follow-up 
and surgical treatment in a large percentage of cases.  

Secondary spontaneous pneumothorax (SSP) accounts for a significant 
proportion of patients with pneumothorax. These patients have reduced lung 
capacity due to the underlying one or more lung diseases, which makes their 
timely diagnosis, adequate treatment and follow-up extremely important. The 
most common disease leading to SSP is the chronic obstructive pulmonary 
disease (COPD). The social significance of the latter continues to be high, 
because of the high percentage of smokers worldwide. Air pollution must also 
be taken into account, especially in large industrial cities such as Plovdiv in 
Bulgaria. Other causes include interstitial lung disease, malignancies, AIDS and 
pulmonary tuberculosis. 

In the context of the SARS-Cov-2 pandemic that occurred in 2020, a new 
cause of SSP was identified – COVID-19 pneumonia. The association of SP 
with this insufficiently studied pathology will also be studied in the present 
dissertation. 

Secondary spontaneous pneumothorax is a problem affecting physicians in 
various specialties – surgeons, pulmonologists, anesthesiologists. It has a 
dynamic course of development, often relapses, often becomes tension, which is 
a life-threatening condition. This requires its timely surgical treatment, which 
has a significant percentage of complications. 

Introducing one of the common pathologies in our daily practice, we 
decided to study the various aspects of secondary spontaneous pneumothorax, 
concerning its demographic characteristics and diagnostic and therapeutic 
options. The motivation for the implementation of the present retrospective 
study was dictated by the absence of another similar study conducted so far in 
Bulgaria. There is still no study in our country that investigates the frequency, 
methods of diagnosis and surgical treatment of this global medical problem. 

All these facts motivated us to develop the following single-center 
retrospective study. 
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II. AIM AND TASKS 
 

AIM:  
Conducting a detailed study on clinical diagnostic and therapeutic aspects 

of secondary spontaneous pneumothorax 
 
TASKS: 
1. To conduct a single-center study on the epidemiological characteristics 

of patients with secondary spontaneous pneumothorax 

2. To study the causes of secondary spontaneous pneumothorax. 

3. To perform clinical and image-diagnostic analysis of secondary 
spontaneous pneumothorax, including its side and size.  

4. To analyze the methods of treatment of secondary spontaneous 
pneumothorax. 

5. To analyze the patients with secondary spontaneous pneumothorax 
associated with COVID-19  
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III. MATERIALS AND METHODS 
 

1. MATERIALS 

 
I. Subject of study 
The clinical part of the dissertation was built as a retrospective study with a 

prospective component on a group of 179 patients. 160 patients were included in 
the retrospective group and 19 in the prospective group, all of them with 
secondary spontaneous pneumothorax. 

1. The following inclusion and exclusion criteria were used to differentiate 
the object of observation: 

1.1. Inclusion criteria: 
1.1.1. patients with anamnestic, clinical, laboratory and imaging data for 

spontaneous pneumothorax and underlying lung pathology 
1.2. Exclusion criteria: 
1.2.1. patients with primary spontaneous pneumothorax 
1.2.2. patients with traumatic pneumothorax 
1.2.3. patients with iatrogenic and artificial pneumothorax 
 
2. Demographic indicators: 
2.1. Age: according to the age criterion, the patients are divided into four 

groups: group of patients up to 35 years of age: 36 - 55 years; 56-75 years and 
patients over 75 years. 

2.2. Gender distribution of the patients group: patients are divided into 
two groups - men and women. 

 
II. Observation unit: 
1. Technical unit: 
The Department of Special Surgery of the Medical University - Plovdiv 

and the Second surgical clinic at the University Hospital “Sveti Georgi”- 
Plovdiv 

2. Logical units: 
- patients with secondary spontaneous pneumothorax hospitalized in the 

technical unit for the period from January 2014 to December 2020 for 
the retrospective group. 
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- patients with secondary spontaneous pneumothorax hospitalized in the 
technical unit for the period from January 2019 to May 2020 for the 
prospective group.  

 

III. Main signs of observation: 
1. Factorial signs: 
- sex 
- age 
- underlying lung disease 
- side of pneumothorax: left-sided, right-sided, bilateral 
- recurrence of pneumothorax 
- seasonality 
2. Effective signs: 
- surgical operation performed 
- size of the pneumothorax 
- postoperative complications 
- hospital stay 

 

2. METHODS 
 

А. Clinical methods: 

I. Anamnesis and physical examination  
1. Anamnesis morbi: 
- information about underlying lung disease 
2. Physical examination. 
 
II. Imaging methods: 
1. Chest X-ray 
1.1. Assessment of lung changes and the size of the pneumothorax prior the 

interventional thoracic procedure. 
1.2. Assessment of the effect of the interventional thoracic procedure in 

order to influence pneumothorax /performed in all patients, immediately and/or 
in the early period after surgery/. 
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1.3. Assessment of the effect of the interventional thoracic procedure in 
order to influence pneumothorax in the follow-up of the prospective group for a 
period of 180 days. 

2. Chest computed tomography. 
2.1. Assessment of pulmonary changes and the size of the pneumothorax 

before the interventional thoracic procedure. 
2.2. Assessment of the effect of the interventional thoracic procedure in 

order to influence pneumothorax. 

 
III. Interventional methods for diagnosis: 
1. Fibrooptic bronchoscopy. 
2. Video-assisted thoracoscopy 
3. Chest drainage and monitoring systems  (Medela - Thopaz™) 

 
IV. Therapeutic methods in patients with secondary spontaneous 

pneumothorax  
1. Tube thoracostomy 
2. Video-assisted thoracoscopic surgery (VATS) 
2.1. chemical pleurodesis 
2.2. pleural abrasion 
2.3. partial pleurectomy 
2.4. VATS - resection 
3. Thoracotomy 
3.1. chemical pleurodesis 
3.2. pleural abrasion 
3.3. partial pleurectomy 
3.4. resection 
 
B. Statistical methods: 

All statistical analyses were conducted in SPSS v.19 (SPSS, Chicago, IL, 
USA). Based on the purpose and objectives of this study as well as on the 
volume and type of data with conducting examinations, the following statistical 
methods were used: 

 Descriptive method: 

- Variation analysis - standard deviation, minimum, maximum and 
range 
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- Frequency analysis of qualitative variables (nominal and rank) that 
includes absolute frequencies, relative frequencies (percentage), 
cumulative relative frequencies (percentage)  

 Parametric methods: 

- T-test for two independent samples (Independent Samples T-Test) – 
verification of equality of two mean samples 

- Dispersion analysis (One-way Anova) when testing hypotheses for the 
presence of a significant difference between more than two 
independent samples; 

- Correlation analysis - to reveal causal relationships and interactions 
between variables (indicators) - Pearson's simple linear correlation 
coefficient (r) and Spearman's rank correlation coefficient (rs); 

- One-factor and multi-factor logistic regression with calculation of 
classification table 

 Non-parametric methods: 

- Chi-square test or Fisher's exact test – search for a relationship 
between two qualitative variables; 

- Methods of Kolmogorov-Smirnov and Shapiro-Wilk – verification of 
normality of the quantitative variable distribution; 

- Mann-Witney method – comparison of average values in two groups 
of one quantitative variable when the distribution is not normal; 

- Kruskal-Walis H method - comparison of average values in three or 
more groups of one quantitative variable when the distribution is not 
normal. 

 Graphic images. 
P values < 0.05 were considered to be statistically significant. 
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IV. RESULTS AND DISCUSSION 

 

1. Epidemiology of secondary spontaneous pneumothorax 

А. Socio-demographic characteristics of patients with secondary 
spontaneous pneumothorax 

A total of 179 patients with secondary spontaneous pneumothorax aged 18 
to 92 years (mean age 55.71 ± 1.38) were included in the present dissertation, of 
which 122 men aged 18 to 92 years (mean age 55.20 ± 1.71) and 57 women 
aged 25 to 88 years (mean age 56.75 ± 2.37), (Table 1.) 

 
Table 1. Characteristics of patients with secondary spontaneous pneumothorax 

Characteristics count % Sp 

Age  

Range 20 - 92 years 

mean±SEM 55.71±1.38 

Sex 

Males     

 

122 

 

58.94 

 

4.25 

Range 

mean±SEM 

18 - 92 years 

55.20±1.71 

 

Females 57 41.06 4.26 

Range 

mean±SEM 

25 - 88 years 

56.75±2.37 

 

 

 
The comparison with the criterion of normal distribution rejects the null 

hypothesis that Secondary spontaneous pneumothorax is not a sexually 
transmitted disease, ie. it affects men more than women. The data from the 
alternative analysis were also confirmed by the agreement criterion p = 0.0001 

(2=23,603). (Figure 1.) 
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Figure 1. Distribution of patients regarding sex 
 
For the purposes of the study in the statistical processing of data patients 

were divided into 4 age groups: up to 35 years - 33 (18.44 ± 2.90%), from 36 to 
55 years - 51 (28.49 ± 3.37%), from 56 to 75 years - 66 (36.87 ± 3.61%) and 
over 75 years - 29 (16.20 ± 2.75%) (Figure 2.) The largest is the relative share of 
patients in the age group from 56 to 75 years. for a normal distribution rejects 
the null hypothesis, i.e. there is a difference in the number of observation units  
P <0.0001 (u = 0.22) 

 

 

Figure 2. Distribution of patients regarding age groups 
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B. Age-sex structure of the patients 
No statistically significant differences were found in the age-sex 

distribution of the patients with secondary spontaneous pneumothorax. 

(1,79 P) 
  

 

Figure 3. Age-sex distribution of the patients with SSP 

 
C. Recurrence 
Secondary spontaneous pneumothorax occurred as first episode in 160 

(89.39%) patients – 112 of them were men and 48 were women. It was 
registered as recurrent in 19 (10.61%). 10 of them were men and 9 were women. 
The first episode of SSP was registered most often in the age group 56-75 years 
- 59 patients. Second in terms of impact was the group 36-55 years with 44 
cases, followed by those under 35 with 29 and over 75 with 28 patients. The 
distribution of patients with recurrence by age groups was as follows: 36-55 
years and 56-75 years with 7 cases each, followed by up to 35 years with 4 and 
over 75 years with 1. In the analysis of normal data distribution the alternative 
hypothesis was registered. It was determined by a significantly higher 
percentage of patients with the first episode (p <0.0001). (Figure 4) 
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Figure 4. Recurrence 
 
When comparing the recurrence with sex and age groups, no statistically 

significant differences were found (p> 0.05). (Figures 5 and 6) 
 

 

Figure 5. Distribution of patients regarding sex and recurrence 
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Figure 6. Distribution of patients age and recurrence 
 

D. Seasonality 
The analysis of patients with secondary spontaneous pneumothorax by 

seasonality revealed the following results: 88 cases (49.2%) were registered for 
the autumn-winter period and 91 (50.8%) for the spring-summer period. There 
was no statistically significant difference in the distribution the pneumothorax 
regarding seasonality (p> 0.0001). (Figure 7.) 

 

 

Figure 7. Distribution of patients with SSP regarding seasonality 
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An analysis of the seasonality of pneumothorax regarding the underlying 
lung disease was performed and the difference was statistically significant.  

(P < 0.05, = 30.59). (Figure 8.) 
 

 
Figure 8. Distribution of patients with SSP regarding  

seasonality and underlying lung disease 
 

This dissertation confirms the results registered by other authors – 
secondary spontaneous pneumothorax is a sex-depending pathology. Males were 
twice as affected as females - 122 males versus 57 females. The latter can be 
explained by the higher incidence of COPD in men, which is also related to the 
higher percentage of male smokers worldwide. 

The most affected age group is the one from 56 to 75 years (36.9%), 
followed by 36 to 55 years (28.5%). In this age range, the incidence of various 
respiratory diseases, predominant of which is COPD, increases. In both age 
groups, the difference in sex distribution is almost the same (men: women 2:1). 

In our study, we found that the majority of patients had first episode of 
pneumothorax, and significantly fewer were hospitalized with recurrence of the 
disease. 

We found no seasonal difference in the distribution of cases of secondary 
spontaneous pneumothorax. Only in COVID-19 group seasonality was 
observed, but that was explained by the fact that all cases were registered during 
the second wave of the epidemic in Bulgaria in October-December 2020. 



IV. RESULTS AND DISCUSSIN 

17 
 

The analysis of the results reported in task 1 allows us to make the 
following generalizing conclusions: 

1. Secondary spontaneous pneumothorax is a sex-depending disease, with 
males being statistically significantly more affected. 

2. Secondary spontaneous pneumothorax more often affects the age after 
55 years. 

3. Seasonality is not involved as a factor in the occurrence of secondary 
spontaneous pneumothorax. 

 
2. Etiology of secondary spontaneous pneumothorax 
A. Causes of secondary spontaneous pneumothorax 
Causes of secondary spontaneous pneumothorax could be various lung 

diseases and other conditions that cause varying degrees of lung damage. The most 
common was Chronic Obstructive Pulmonary Disease (COPD) with its 
pathomorphological component - bullous emphysema – 99 (69.7 ± 3.86%). In the 
conditions of the pandemic, which occurred in 2020, another disease that causes 
SSP – COVID-19 – 18 (10.06 ± 2.25%) was identified. It is the second most 
common cause of SSP among the patients we studied. Other causes that followed 
were interstitial pneumonia – 15 (10.6 ± 2.51%), pulmonary tuberculosis - 14 (9.9 
± 2.58%) and neoplasms – 11 (7.7 ± 2.24%). The share of patients with HIV was 
the lowest – 2 (1.4 ± 0.99%) and those with cystic fibrosis – 1 (0.7 ± 0.69%), 
(Figure 9). This was confirmed by the data analysis (p <0.0001 u = 0.34). 

Patients with COVID-19 and SSP will be analyzed and presented in detail 
in Task 5 of this dissertation. 

 

 
Figure 9. Causes of secondary spontaneous pneumothorax 
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When comparing the underlying lung diseases regarding the sex, no 
statistically significant difference P> 0.05 was found. (Table 2.) 

 

Table 2. Distribution of the patient regarding cause and sex 

2=13,83; P>0,05 
Sex 

Total 
Male Female 

Cause COPD/emphysema Count 80 32 112 
% in group  71,43% 28.57% 100.0% 
% reg. sex  65,57% 56,14% 62,57% 

TB Count 14 2 16 
% in group 87,50% 12,50% 100.0% 
% reg. sex 11,48% 3,51% 8,94% 

Interstitial 
pneumonia 

Count 9 8 17 
% in group 52,94% 47,06% 100.0% 
% reg. sex 7,38% 14,04% 9,50% 

Malignancies Count 5 8 11 
% in group 45.45% 54.55% 100.0% 
% reg. sex 4,10% 10,53% 6,15% 

HIV Count 2 - 2 

% in group 100% - 100.0% 

% reg. sex 1,64% - 1,12% 
Еhlers-Danlos Count 1 - 2 

% in group 100% - 100.0% 

% reg. sex 0,82% - 0,56% 
Cystic fibrosis Count - 1 1 

% in group - 100% 100% 

% reg. sex - 1,75% 0,56% 
Neurofibromatosis 
type 1 

Count - 1 1 

% in group - 100% 100% 

% reg. sex - 1,75% 0,56% 
COVID-19 Count 11 7 18 

% in group 61,11% 38,89% 100% 

% reg. sex 9,02% 12,28% 10,06% 
Total Count 122 57 179 

%  69.72% 30.28% 100,00%
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There was a statistically significant difference in the distribution of the 

patients regarding age groups and underlying lung disease. ( 
р). (Figure 10.) 

 

 

Figure 10. Distribution of the patients with SSP regarding age  

and cause ( р). 

 
In the present dissertation, COPD was the most common cause of 

secondary spontaneous pneumothorax. It was registered in 99 patients (69.7%) 
with pneumothorax. Males and age after 55 years were predominant. Our results 
can be explained by the greater number of male smokers worldwide and the 
more frequent development of COPD among them. At the age after 50 years, 
they show an advancement of the disease with an increase in its complications, 
one of which is the occurrence of pneumothorax. The dissertation identified as a 
second leading cause of SSP a new and still insufficiently studied disease -
COVID-19. It will be discussed in detail in task № 5. Interstitial pneumonia 
ranked third as a cause of SSD. It was registered in 15 patients (9.5%). 
Regarding gender distribution, it affected almost equally men and women, but 
was observed mainly at a younger age (35-55 years). The latter can be explained 
by the more frequent distribution of pneumonia acquired in society among the 
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young, working age. Fourth, as a reason we found Pulmonary tuberculosis – 14 
patients (8.9%). Males and younger age (35-55 years) were predominant. 

In our study, we studied 11 patients (6.2%) with SSP and malignancies. 
Females were more affected (55% of cases). Lung cancer is known to be more 
common and the leading cause of death in men. On the other hand, breast cancer 
is the most common cancer. It is dominant in females and often metastasizes to 
the lungs. This may be related to the more frequent association of SSP with 
malignancies among women in the group we studied. The most affected were 
patients over 75 years which can be explained by the higher incidence of cancer 
in this age group. 

 
The analysis of the results reported in task 2 allows us to make the 

following generalizing conclusions: 
1. In the present dissertation COPD was confirmed as a leading cause of 

secondary spontaneous pneumothorax. 
2. In the context of the SARS-CoV-2 pandemic, COVID-19 was studied as 

a new cause of secondary spontaneous pneumothorax, which necessitated a new 
task in the implementation of the dissertation. 

3. Interstitial pneumonia was identified as a leading cause of secondary 
spontaneous pneumothorax among the patients under 55 years. 
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3. Side and size of secondary spontaneous pneumothorax 

 
А. Side of pneumothorax 
Secondary spontaneous pneumothorax was registered right-sided in 121 

patients (67.6%), as left-sided in 53 (29.6%) and as bilateral in 5 (2.8%). The 
comparison with the criterion for normal distribution rejects the null hypothesis, 
ie. there was a statistically significant difference in the distribution of 
pneumothorax regarding the affected side (p <0.0001). Secondary spontaneous 
pneumothorax is most commonly registered as right-sided. (Figure 11.) 

 

 

Figure 11. Distribution of the patients with SSP regarding affected side 

In the present study, an analysis was made of the side of pneumothorax in 
relation to the sex structure of the patients. There was no statistically significant 
difference in the structure of the side of pneumothorax regarding sex (P > 0,05, 

= 0,44). The results are presented in Table 3.  
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Table 3. Distribution by side/sex 

 
Sex 

Total Male Female 
Side Right-sided Count 83 38 121

% within Side 68,6% 31,4% 100,0%

% within Sex 68,0% 66,7% 67,6%

% of Total 46,4% 21,2% 67,6%

 Left-sided Count 35 18 53

% within Side 66,0% 34,0% 100,0%

% within Sex 28,7% 31,6% 29,6%

% of Total 19,6% 10,1% 29,6%

 Bilateral Count 4 1 5

% within Side 80,0% 20,0% 100,0%

% within Sex 3,3% 1,8% 2,8%

% of Total 2,2% ,6% 2,8%

Total Count 122 57 179

% within Side 68,2% 31,8% 100,0%

% within Sex 100,0% 100,0% 100,0%

% of Total 68,2% 31,8% 100,0%
 
An analysis of the side of pneumothorax regarding the underlying lung 

pathology was performed. There was a statistically significant difference in the 

group (P < 0,05, = 28,18). Right-sided pneumothorax was predominant in all 
cases. (Figure 12) 
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Figure 12. Distribution of the patients with SSP regarding side  

and underlying lung disease 

 
B. Size of pneumothorax 
The distribution of patients regarding size of pneumothorax was as follows: 

large (> 2 cm) – 77 patients (43%), total – 62 (34.6%); tension – 31 (17.3%); 
small (<2 cm) – 9 (5%). The comparison with the criterion for normal 
distribution rejects the null hypothesis, ie. there was a statistically significant 
difference in the distribution of pneumothorax regarding size (p <0.0001). 
Secondary spontaneous pneumothorax was most commonly registered as large 
(> 2 cm). (Figure 13)  
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Figure 13. Distribution of the patients with SSP regarding size 

An analysis of the size of the pneumothorax regarding the different age 
groups was performed. There was a statistically significant difference in the 
group (P < 0.05, = 28.70). (Figure 14) 

 

 
Figure 14. Distribution of the patients regarding side and age group 
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An analysis of the size of the pneumothorax regarding the underlying lung 
disease was performed. There was a statistically significant difference in the 

group (P < 0.05, = 33.30). (Figure 15)  
 

 
Figure 15. Distribution of the patients regarding size and underlying lung disease 

 

In the present dissertation we found that secondary spontaneous 
pneumothorax was more common right-sided – in 67% of cases. The more 
frequent occurrence of secondary spontaneous pneumothorax, as right-sided was 
explained by rupture of the bulla in the azigoesophageal recessus, especially in 
patients with COPD. Another explanation was the more frequent involvement of 
the right lung by various acute respiratory diseases. Tuberculosis predominantly 
involves the upper and better aerated lobe of the right lung. Due to the 
anatomical features of the bronchial tree and its descending nature, pneumonia 
more often affects the right lung. 

In our study, the large pneumothorax (> 2 cm) was predominant – in 43% 
of cases. Second was the total lung collapse – in 34.6%. We rarely registered 
patients with small pneumothorax (<2 cm). As an imaging method of choice in 
the diagnosis and measurement of secondary spontaneous pneumothorax, we 
used conventional radiography. One of its disadvantages we encountered, was 
the difficulty in differentiating large pulmonary bullae from pneumothorax. In 
these cases, we used computed tomography of the chest. (Figure 16) 
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Figure 16. CT image of a large pulmonary bulla with right-sided pneumothorax  

Tension pneumothorax was reported in 17.3% of our patients. 
Diagnostically, we defined tension pneumothorax as follows: 1. Tachydyspnoea, 
hemodynamic instability, tachycardia, sweating; 2. Radiographic - displacement 
of the mediastinum and trachea contralaterally; 3. Leakage of air under pressure 
during thoracentesis. (Figure 17) 
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Figure 17. Tension left-sided pneumothorax 

The analysis of the results reported in task 3 allows us to make the 
following generalizing conclusions: 

1. Our study confirmed that right-sided pneumothorax was significantly 
more frequent.  

2. Secondary spontaneous pneumothorax was presented most commonly as 
"large" (> 2 cm). 

3. After the age of 55 years secondary spontaneous pneumothorax was 
presented most frequently as “tension”  
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4. Therapeutic methods and postoperative complications of secondary 
spontaneous pneumothorax 

 
А. Therapeutic methods 
One of the tasks of the present dissertation is the analysis of the used 

methods for treatment of secondary spontaneous pneumothorax. The most 
common method was tube thoracostomy – 68 patients (38%), followed by 
VATS - chemical pleurodesis – 58 patients (32.4%), thoracotomy with resection 
– 39 (21.8%), VATS-resection – 7 (3.9%), thoracotomy with pleurectomy – 5 
(2.8%). VATS – pleurectomy and thoracotomy with pleural abrasion were 
performed in 1 case (0.6%) each. (Figure 18).  

Mean hospital stay was 10.5 days. 
 

 
Figure 18. Distribution of the patients with SSP regarding therapeutic methods 

 
We compared the therapeutic methods regarding sex of the patients with 

SSP. (Figure 19.) 
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Figure 19. Distribution of the patients with SSP regarding therapeutic methods and sex 

 
No statistically significant difference was registered in the distribution of 

therapeutic methods regarding sex of the patients. (P > 0.05, = 3.98). 
A comparison of the therapeutic methods regarding age groups was 

performed. (Figure 20.) 
 

 

Figure 20. Distribution of the therapeutic methods regarding age groups  
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No statistically significant difference was registered in the distribution of 

therapeutic methods regarding аge of the patients. (P>0.05, = 28.29). Age is 
not a factor influencing the type of operative technique.  

We compared the therapeutic methods regarding underlying lung disease of 
the patients with SSP. (Figure 21.) 
 

 
Figure 21. Distribution of the therapeutic methods regarding underlying lung  

disease of the patients. 
  

There was a statistically significant difference in the distribution of 

therapeutic methods regarding the  underlying lung disease (P< 0.05, = 
90.57). The underlying lung disease is a factor influencing the type of surgical 
method.  
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B. Postoperative complications 
Distribution of the patients with secondary spontaneous pneumothorax 

according to the type of postoperative complications was as follows: no 
complications – 112 (62.6%), continuous air leakage – 42 (23.5%) and death – 
26 (14%). (Figure 22.)  

 

 
Figure 22. Distribution of the patients with SSP regarding postoperative complications 

 

We compared the postoperative complications of the patients regarding 
their age. Results are presented in Table 4. 
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Table 4. Distribution complications/age 

  

Age_group 

Total  <35 
yrs 

36-55 
yrs 

56-75 
yrs 

> 75 
yrs 

Complications no 
complications 

Count 26 38 35 13 112

% within 
Complications 

23,2% 33,9% 31,3% 11,6% 100,0%

% within 
Age_group 

78,8% 74,5% 53,0% 44,8% 62,6%

% of Total 14,5% 21,2% 19,6% 7,3% 62,6%

air-leak Count 4 13 17 8 42

% within 
Complications 

9,5% 31,0% 40,5% 19,0% 100,0%

% within 
Age_group 

12,1% 25,5% 25,8% 27,6% 23,5%

% of Total 2,2% 7,3% 9,5% 4,5% 23,5%

death Count 3 0 14 8 25

% within 
Complications 

12,0% ,0% 56,0% 32,0% 100,0%

% within 
Age_group 

9,1% ,0% 21,2% 27,6% 14,0%

% of Total 1,7% ,0% 7,8% 4,5% 14,0%

Total Count 33 51 66 29 179

% within 
Complications 

18,4% 28,5% 36,9% 16,2% 100,0%

% within 
Age_group 

100,0% 100,0% 100,0% 100,0% 100,0%

% of Total 18,4% 28,5% 36,9% 16,2% 100,0%

  
There was a statistically significant difference in distribution of 

postoperative complications regarding  the age group (P< 0.05, = 21.24). Age 
is a factor influencing postoperative complications. 

A comparison on postoperative complications regarding the underlying 
lung disease was performed. (Figure 23)  
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Figure 23. Distribution of patients postoperative complications regarding  

the underlying lung disease 

 
There was a statistically significant difference registered in the group – the 

underlying lung pathology was a factor influencing the postoperative 

complications in patients with SSP. (P<0.05, = 76.18). 
We compared the postoperative complications of the patients regarding size 

of the pneumothorax. The results are presented in Table 5. 
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Table 5. Distribution postoperative complications/size 

 

Size 

Total 

small 

<2cm 

large 

>2cm 

total 

collapse tension 

Complications No 

complications 

Count 5 51 42 14 112

% within 

Complications 

4,5% 45,5% 37,5% 12,5% 100,0%

% within Size 55,6% 66,2% 67,7% 45,2% 62,6%

% of Total 2,8% 28,5% 23,5% 7,8% 62,6%

air leakage Count 2 12 18 10 42

% within 

Complications 

4,8% 28,6% 42,9% 23,8% 100,0%

% within Size 22,2% 15,6% 29,0% 32,3% 23,5%

% of Total 1,1% 6,7% 10,1% 5,6% 23,5%

death Count 2 14 2 7 25

% within 

Complications 

8,0% 56,0% 8,0% 28,0% 100,0%

% within Size 22,2% 18,2% 3,2% 22,6% 14,0%

% of Total 1,1% 7,8% 1,1% 3,9% 14,0%

Total Count 9 77 62 31 179

% within 

Complications 

5,0% 43,0% 34,6% 17,3% 100,0%

% within Size 100,0% 100,0% 100,0% 100,0% 100,0%

% of Total 5,0% 43,0% 34,6% 17,3% 100,0%

 
There was a statistically significant difference in the results obtained, as the 

size of the pneumothorax was a factor influencing the postoperative 

complications in patients with SSP. (P<0.05, = 14.04). 
In the present study, a comparison was made on postoperative 

complications regarding the type of surgery in patients with secondary 
spontaneous pneumothorax. (Figure 24)  
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Figure 24. Distribution of the postoperative complications regarding  

the therapeutic method 

 

These results show that there was a statistically significant difference as the 
type of therapeutic method was a factor influencing the postoperative 
complications. 

 (P<0.05, = 57.39). 
 
C. Socio-demographic characteristics of patients with secondary 

spontaneous pneumothorax – in prospective group. 
In the present dissertation a prospective study of a group of patients with 

secondary spontaneous pneumothorax was performed, analyzing the results after 
the surgical treatment using the methods of diagnostic imaging. The follow-up 
period of the group was 6 months. Control thoracic radiographs were performed 
on the 30th and 180th day after surgery.  

The total number of patients studied in the prospective group was 19 aged 
18 to 78 years (mean age 52.89 ± 4.57).  
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Table 6. Characteristics of patients with secondary spontaneous pneumothorax – 

prospective group. 

Characteristics count % Sp 
Age  
Range from 18 to 78 years 
mean±SEM 52.89±4.57 
Sex 
Males       

 
12

 
63.16

 
11.06 

Range 
mean±SEM 

from 18 to 78 years 
53.33±6.90

 

Females 7 36.84 11.06 
Range 
mean±SEM 

from 38 to 68 years 
52.14±4.52

 
 

 
The distribution of patients by age groups was as follows: up to 35 years – 

4, from 36 to 55 years – 5, from 56 to 75 years – 9 and over 75 years – 1 patient. 
(Figure 25)  

 

 

Figure 25. Distribution of the patients in prospective group regarding sex and age 
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The analysis performed with Pearson's criterion on the age and sex 
structure of the observed contingent, shows that the differences are statistically 

insignificant (P>0.05; 2=6.98).  
The group is dominated by men 12 with an average age of 53.33 ± 6.90, 

compared to women 7 with an average age of 52.14 ± 4.52. The Shapiro-Wilk 
test for normal distribution of gender data found a statistically significant 
difference (p <0.0001) for all age groups. (Figure 26.)  

 

 

Figure 26. Distribution of patients in prospective group regarding sex  

 
The follow-up results of the patients in the prospective group are shown in 

Table 7 and Table 8. Two patients dropped out of the study due to death. 
The mean hospital stay of patients in the prospective group was 14.1 days. 
 
Table 7. Day 30 

Month1

 
Frequency Percent

Valid 
Percent

Cumulative 
Percent 

Valid normal lung 7 36,8 41,2 41,2
pleurofibrosis 9 47,4 52,9 94,1
pleural effusion 1 5,3 5,9 100,0
Total 17 89,5 100,0  

Missing System 2 10,5  
Total 19 100,0  
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Table 8. Day 180 

Month6 

 
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid normal lung 7 36,8 41,2 41,2

pleurofibrosis 10 52,6 58,8 100,0

Total 17 89,5 100,0  

Missing System 2 10,5   

Total 19 100,0   

 
In the present study, a comparison of the underlying lung disease as 

indicator was made on the basis of the findings of the controlled radiography on 
the 30th and 180th day. No statistically significant differences were found. 

(P>0.05; 2=13.57), (P>0.05; 2=6.49). (Figure 27 and Figure 28.) 
 

 

Figure 27. Distribution of the patients regarding underlying lung disease  

and X-ray finding on the 30th day  
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Фигура 28. Distribution of the patients regarding underlying lung disease  
and X-ray finding on the 180th day 

An analysis of the findings of the control radiographs on the 30th day was 
performed, compared to the previously applied therapeutic method. (Figure 29)  

 

 

Figure 29. Distribution of the patients regarding therapeutic method  
and X-ray finding on the 30th day 



IV. RESULTS AND DISCUSSIN 

40 
 

There was a statistically significant difference in the results (P <0.05;  

2= 15.98). All patients with a previous thoracotomy with resection had 
evidence of pleurofibrosis on the control radiograph on day 30, and one patient 
with VATS-pleurodesis had X-ray evidence of pleural effusion. An analysis of 
the findings of the control radiographs on day 180 was performed regarding the 
previously applied therapeutic method. (Figure 30) 

 

 

Figure 30. Distribution of the patients regarding therapeutic method  

and X-ray finding on the 180th day 

There was a statistically significant difference in the results (P <0.05;  

2= 12.05). Pleurofibrosis was the most commonly observed X-ray finding on 
day 180 after treatment of patients with secondary spontaneous pneumothorax. 

Therapeutic methods in patients with secondary spontaneous pneumothorax 
aim removing air from the pleural space and complete expansion of the lung, 
control and stop air leakage, if any, and prevent recurrence. Tube thoracostomy 
was performed in 68 of our patients, with the most common postoperative 
complication being continuous air leak in 30 of them. Most often we used chest 
drains with a lumen size of 22 or 24 Ch, due to their difficult obstruction. In all 
our patients with unsatisfactory postoperative results after tube thoracostomy, 
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VATS was performed with different type of intervention applied, according to 
the intraoperative finding. 

The second most commonly used therapeutic method by us was VATS 
pleurodesis. It was performed in 58 of our patients. In all of them we used 
iodine-povidone as an active substance. We reported good postoperative results 
- 77% of cases had no complications. (Figure 31) 

 

 

Figure 31. VATS. A large ruptured bulla lying on the parietal pleura 

 
Thoracotomy with resection was the third most used therapeutic method. It 

was performed in all patients with postoperative complications after previous 
tube thoracostomy and / or VATS interventions. We reported excellent 
postoperative results using this method, as the cases of continuous air leak were 
reduced to 0. With thoracotomy it was easier for us to visualize and locate the 
cause of air leak. In most cases, we performed a resection of the bulla with 
fistula sutured. (Figure 32) Apical resection or lobectomy was performed in 
some patients. The disadvantages we reported with this method were the greater 
trauma for the patient and the longer hospital stay. 
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Figure 32. Thoracotomy – resection of pulmonary bulla 

Regarding postoperative complications, a significant proportion of our 
patients were without such – 112. Continuous air leakage was the most common 
postoperative complication registered among our patients - in 42. To measure it 
we used the digital pump Thopaz (Medela®, Baar, Switzerland), (Figure 33) in 
each case, defining it as air leak greater than 50 ml/min for 7 consecutive days. 
As expected, this complication was most common in patients with COPD, due to 
the rupture of a large bulla and the presence of underlying broncho-pleural 
fistula. Regarding the size of pneumothorax, continuous air leakage was 
observed most often in patients with tension pneumothorax – in 32%, followed 
by those with total collapse – 29%. In these cases, a ruptured large bulla and/or a 
large broncho-pleural fistula was found intraoperatively. (Figure 34 a,b) Air leak 
was registered as the most common complication when performing a tube 
thoracostomy – in 30 of the cases. It was found less frequently in the VATS 
interventions – in 12 of the cases. This complication was not observed in 
thoracotomy interventions.  
 

   

Figure 33. Digital chest drainage and monitoring system Thopaz - Medela® 
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Lethal outcome was observed in 14% of cases. This high percentage was 
associated with cases of SSP due to the newly registered pathology COVID-19, 
in which it was reported as a factor worsening the outcome of the disease. 
(check Task № 5). Lethal outcome was most common in older patients over 70 
years of age. COPD and malignancies were the other two illnesses associated 
with poor outcome. Regarding the size of the pneumothorax, it was found that 
death was most commonly observed in patients with tension pneumothorax - in 
22% of cases. This can be explained by the pathophysiological mechanisms of 
the condition and confirms the fact that it is life-threatening and accompanied by 
a number of complications, one of which is death, despite the timely and 
adequate treatment. Regarding the applied therapeutic methods, lethal outcome 
was most commonly observed in patients with tube thoracostomy, as it was used 
in all patients with COVID-19, where mortality was highest. Higher mortality 
was also recorded in patients who underwent thoracotomy-intervention 
compared to those after VATS-intervention (12.8% vs. 5.2%). The latter can be 
explained by the fact that these patients had advanced underlying lung disease, 
old age and had previously failed therapeutic interventions (tube thoracostomy 
and/or VATS) that required thoracotomy. 

 

 

Figure 34 а. Ruptured bulla with bronchopleural fistula  
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Figure 34 b. Ruptured bulla with bronchopleural fistula 

 
In the present dissertation we followed up 19 patients with SSP for a period 

of 6 months, evaluating the postoperative results by performing control 
radiographs on the 30th and 180th day. 

Pleurofibrosis was the most commonly reported finding in control X-rays 
on the 30th and 180th. (Figure 35) It was most common in patients with COPD 
and in all patients with thoracotomy-resection. Pleurofibrosis was reported in 
only one case with VATS pleurodesis and in none of those that underwent tube 
thoracostomy and VATS resection. These results speak in favor of less invasive 
methods in treating pneumothorax. Smaller surgical trauma in them could be 
associated with a more moderate inflammatory response of the body, leading to 
less adhesion formed. 
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Figure 35. Pleurofibrosis 30 days after left thoracotomy-resection 

  
Based on the results obtained in the course of our study, which found 

COPD, as the most common cause of secondary spontaneous pneumothorax, we 
offer the following diagnostic and therapeutic algorithm in this type of patients. 
(Scheme 1.)  

 
Patient with clinical and radiographic findings of SSP 
 
A. In case of respiratory failure (unstable patient) 
- insert a chest drain 
- after stabilization of the condition, perform a chest CT scan 
- in case of of bullous changes in the lungs on computed tomography, 

perform VATS - intervention (iodine-povidone pleurodesis; resection; 
pleurectomy;)  
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- in case of continuous air leakaga, perform thoracotomy - intervention 
(resection) 

B. In the absence of respiratory failure (stable patient) 
- timely perform a chest CT scan  
- perform VATS-intervention (iodine-povidone pleurodesis; resection; 

pleurectomy;) not later than 24 hours after hospitalization! 
- in case of continuous air leakage (persistent alveolar permeability) 

perform thoracotomy - intervention (resection)  
 
The analysis of the results reported in task 4 allows us to make the 

following generalizing conclusions: 
1. In the present dissertation it was confirmed that continuous air leakage is 

the most common postoperative complication of secondary spontaneous 
pneumothorax. 

2. The study confirmed the role of tube thoracostomy as a method of choice 
for treating secondary spontaneous pneumothorax, regardless of its etiology. 

3. Pleurodesis-procedure performed under video-thoracoscopic control was 
a leading method of influencing persistent alveolar permeability/continuous air 
leakage. 

4. Thoracotomy with resection showed the best postoperative results in the 
treatment of secondary spontaneous pneumothorax. 

5. Pleurofibrosis was the most common X-ray finding in follow-up of 
operated patients with secondary spontaneous pneumothorax. 
 

 

 

 

 

 

 

 



IV. RESULTS AND DISCUSSIN 

47 
 

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Diagnostic and therapeutic algorithm in patients with SSP and COPD 

 

 

PATIENT WITH SSP 

RESPIRATORY 
FAILURE 

NO RESPIRATORY 
FAILURE 

TUBE 
THORACOSTOMY 

COPD-
BULLAE

VATS - 
procedure

THORACOTOMY - 
procedure 

AIR  
LEAKAGE 

DEHOSPITALIZATION 

CHEST  
X-RAY 

CHEST CT SCAN 

CHEST CT SCAN 

AIR  
LEAKAGE 
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5. COVID-19 and secondary spontaneous pneumothorax 

 
A. Demographic characteristics of the patients 
In our study, we included 18 patients with COVID-19 pneumonia and 

pneumothorax: 11 (61.1%) were males and 7 (38.9 %) females. Pearson’s Chi-
square test showed that there were no statistically significant differences 
regarding the gender structure (P>0.05, Chi-square=0.89).(Figure 36.) The 
registered mean age in the group was 67.83±3.5 years. The patients were 
divided into four age groups. The first (0-35 years) was presented by 1 male 
patient; the second group (36-55 years) consisted of 2 males and no females; the 
biggest group (56-75 years) had 5 (50%) male and 5 (50 %) female patients. 
Finally, the last group (over 75 years) was presented by 3 (60%) males and 2 
(40%) females. Тhere were no statistically significant differences (P>0.05) in 
gender and age structures of the group (Table 9). 

 

 

Figure 36. Distribution of patients with COVID-19 and SSP regarding sex 
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Table 9. Distribution regarding sex/age group 

 Sex 
Total Р 

Male Female
Age group < 35 years Count 1 1 

>0.05 % in group 100% - 100% 

% in sex 9.09% 5.56% 
 36-55 years Count 2  

>0.05 % in group 20% - 100% 

% in sex 18.18% 11.11% 
56-75 years Count 5 5 10 

0.009 % in group 50% 50% 100% 

% in sex 45.45% 71.43% 55.56% 
> 75 years Count 3 2 5 

>0.05 % in group 60% 40% 40% 

% in sex 27.27% 28.57% 27.78% 
Total Count 11 7 18 

>0.05 % in group 61.11% 38.89% 100% 

% in sex 61.11% 38.89% 100% 
  

B. Localization and size of the pneumothorax 
Pneumothorax affected the right side of 10 patients (55.6%), the left side of 

6 patients (33.3%) and bilateral in 2 of the cases (11.1%). Pearson’s Chi-square 
test showed that there was no statistically significant difference (P>0.05, Chi-
square=5.33) regarding the localization.  

According to the size of the pneumothorax, we divided the patients into 
four groups measuring the distance between the visceral pleura of the collapsed 
lung and the thoracic wall at the level of the lung hilum (British Thoracic 
Society guidelines). For that purpose, we used conventional chest X-ray. Small 
pneumothorax (<2 cm) was registered in 3 (16.7%) of the patients, whilst large 
pneumothorax (>2cm) in 10 (55.6%). A total collapse of the lung was observed 
in 2 (11.1%) of the patients and 3 (16.7%) had tension pneumothorax with 
shifted mediastinum. There was a statistically significant difference regarding 
the size of the pneumothorax in the group (P<0.05, Chi-square=9.11). Most of 
the patients presented with large pneumothorax. 
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C. Comorbidities and breathing mode 
Among the patients with COVID-19 and pneumothorax, 12  had arterial 

hypertension (66.7%), 2  had diabetes mellitus (11.1%), 1 had atrial fibrillation 
(5.6%) and 3 had no other comorbidities (16.7%). Pearson’s Chi-square test 
showed a statistically significant difference (P<0.05, Chi-square=17.11) 
regarding the comorbidities distribution. Arterial hypertension was predominant 
in the group.  

The patients aged between 56-75 years were the most affected, followed by 
those aged over 75 years. All of them had other comorbidities. 

9 (50%) of the patients were with spontaneous breathing, 8 were males and 
only 1 was female. 9 (50%) were intubated and ventilated (including the 
tracheostomised): 6 females and 3 males. All of them were placed on pressure-
controlled ventilation (peak pressure < 30 cm H2O, PEEP > 10 cm H2O). Our 
case series suggested that most of the female patients with COVID-19 and 
pneumothorax were on mechanical ventilation.  

 
D. Management, complications and outcome 
In the present study, tube thoracostomy was performed in 17 patients 

(94.4%) and video-assisted thoracoscopic surgery with pleurodesis in 1 (5.6%). 
The persistence of pneumothorax as a complication was observed in 5 patients 
(27.8%), all of whom were on mechanical ventilation. In these cases inserting of 
additional chest tube was performed.  The lethal outcome was registered in 13 
patients (72.2%) – 6 men and 7 women. 5 of the patients (all men) were 
discharged. The highest mortality rate was registered in the age groups 56-75 
years (7 cases) and over 75 years (5 cases). The Pearson's test showed that there 
was no statistically significant difference in the patient’s distribution regarding 
the disease outcome (P> 0.05, Chi-square = 3.56). 

The mean duration of the thoracic drainage in the group was 7.3 days. The 
registered mean hospital stay was 11.1 days. (Table 10.) 
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Table 10. 

 Total (n) 

Gender: 
Male 
Female 

 
11 
7 

Age group: 
0 - 35 years 
36 - 55 years 
56 - 75 years 
> 75 years 

Male: 
1 
2 
5 
3 

Female: 
- 
- 
5 
2 

Total: 
1 
2 
10 
5 

Side affected: 
Right 
Left 
Bilateral 

 
10 
6 
2 

Size: 
Small <2cm 
Big >2cm 
Total collapse 
Tension pneumothorax 

 
3 
10 
2 
3 

Other comorbidities: 
No comorbidities 
Arterial hypertension 
Atrial fibrillation 
Diabetes mellitus 

 
3 
12 
1 
2 

Breathing mode: 
Intubated and ventilated 
Spontaneous 

 
9 
9 

Management: 
Chest drain 
VATS pleurodesis 

 
17 
1 

Complications: 
Persistence of pneumothorax 
None 

 
5 
13 

Outcome: 
Dehospitalized 
Death 

 
5 
13
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In our study, we present the largest case series of pneumothoraces 
associated with COVID-19 in Bulgaria. All data were collected for the period 
October-December 2020; during that time, Bulgaria registered the year’s highest 
infection rate. In our group, males were more affected than females, which is 
consistent with the demographics of pneumothorax. Moreover, there was a 
severe course of COVID-19 in men. SP was more common in the age group 56-
75 years; these patients were more likely to have another underlying lung 
disease. It was noted that the right side was more affected and that most cases 
were presented with large (> 2 cm) pneumothorax. (Figure 37.)  

The principal therapeutic method of choice in more than 90% of our 
patients was tube thoracostomy. It was technically easy to perform, even at the 
patient's bedside. This was of particular value, especially in patients placed on 
mechanical ventilation. In 5 of the ventilated patients, the persistence of 
pneumothorax was observed on the control x-ray 24 hours after the initial 
drainage, which was explained by the persistent alveolar permeability and active 
inflammation of COVID-19. Unfortunately, lethal outcome was observed in all 
intubated patients and was primarily because of the severe course of the 
underlying lung disease. The probable mechanism of pneumothorax in these 
cases was barotrauma, as well as the diffuse alveolar damage from the virus 
which lead to the formation of interstitial emphysema and pneumatocele.  
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Figure 37. Large right-sided pneumothorax (>2 cm) in patient with COVID-19 

 
The analysis of the results reported in task 5 allows us to make the 

following generalizing conclusions: 
1. There was no statistically significant difference in the incidence of 

secondary spontaneous pneumothorax associated with COVID-19 in patients on 
mechanical ventilation compared to those with spontaneous breathing. 

2. Mortality in patients on mechanical ventilation with COVID-19 and SSP 
was significantly higher than those with spontaneous breathing. 

3. In patients with COVID-19 and SSP, tube thoracostomy remains the 
therapeutic method of choice. These patients had a high rate of persistence of 
pneumothorax after the initial tube thoracostomy. 
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V. DEDUCTIONS 
 
1. Secondary spontaneous pneumothorax is a sex- and age-related disease, 

with males being statistically significantly more affected. The most 
commonly affected age is 55 years. 

2. Seasonality was not a factor in the occurrence of secondary 
spontaneous pneumothorax. 

3. Chronic obstructive pulmonary disease has been confirmed as the 
leading cause of secondary spontaneous pneumothorax. Interstitial 
pneumonia has been identified as a leading cause at a younger age 
(under 55 years). 

4. In the context of the SARS-CoV-2 pandemic, COVID-19 was studied 
as a new etiological factor for secondary spontaneous pneumothorax. 
Secondary spontaneous pneumothorax in patients with COVID-19 was 
associated with a high rate of persistence of pneumothorax after initial 
tube thoracostomy. These patients had higher mortality rate, especially 
those placed on mechanical ventilation. 

5. Our study confirmed a significantly more frequent right-sided 
localization of secondary spontaneous pneumothorax, as it was most 
often "large" of size(over 2 cm). 

6. Secondary spontaneous pneumothorax occurred as "tension" most often 
over the age of 55 years. 

7. In the present dissertation it was confirmed that continuous air leakage 
was the most common postoperative complication of secondary 
spontaneous pneumothorax. 

8. The study confirmed the role of tubue thoracostomy as the therapeutic 
method of choice in secondary spontaneous pneumothorax, regardless 
of its etiology. 

9. Thoracotomy with resection showed the best postoperative results in 
the treatment of secondary spontaneous pneumothorax. Pleurodesis 
procedure performed under video-thoracoscopic control was the 
leading method for treatmet of persistent alveolar 
permeability/continuous air leakage. 

10. Pleurofibrosis was the most common postoperative X-ray finding in the 
follow-up group of patients operated for secondary spontaneous 
pneumothorax. 
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VI. CONCLUSION AND CONTRIBUTIONS 
 
In the present dissertation we presented one of the leading pathologies in 

the clinical practice of the thoracic surgeon - secondary spontaneous 
pneumothorax. We studied its various aspects: frequency, sex and age 
distribution, causes, therapeutic methods and related complications. We 
followed up a group of patients postoperatively, reporting the results of their 
treatment. In the context of SARS - CoV-2 pandemic, we studied patients with 
secondary spontaneous pneumothorax associated with unfamiliar pathology - 
COVID-19 pneumonia. The latter was a challenge for us, as doctors and 
researchers, as well as for other health professionals in Bulgaria and around the 
world. 

Our motivation for conducting this in-depth study on the problem of 
secondary spontaneous pneumothorax was dictated by the lack of similar, 
realized so far in Bulgaria. This was the basis of our decision to form a team of 
researchers which managed to successfully implement this dissertation. 

The approach of clinical study on secondary spontaneous pneumothorax 
was adopted and implemented in this scientific paper. 

The obtained results and their discussion allowed us to formulate the 
following contributions: 

1. For the first time in Bulgaria a thorough clinical study was performed on 
the problem of "secondary spontaneous pneumothorax". 

2. For the first time in Bulgaria, in the conditions of a pandemic, a large 
group of patients with secondary spontaneous pneumothorax associated with a 
new pathology - COVID-19 pneumonia was studied in detail. 

3. The dissertation based on the obtained results, allowed to systematize for 
the needs of thoracic surgery and pulmonology practice a therapeutic approach 
in patients with secondary spontaneous pneumothorax. 

4. The present dissertation based on the obtained results and the discussion 
on them proposed a diagnostic-therapeutic algorithm in patients with secondary 
spontaneous pneumothorax and COPD.  

The presented conclusions and contributions of the dissertation give us the 
reason to point out that its goal has been successfully achieved. A 
comprehensive clinical study on various aspects of secondary spontaneous 
pneumothorax has been conducted. On that point, the dissertation can be used 
for the needs of thoracic surgery.  
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