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Abstract

Introduction: The new coronavirus, SARS-CoV-2, provokes infection with different clinical presentation. It involves an asymptomatic
condition, mild variants with fever and dry cough to severe pneumonia, adynamia and respiratory failure with lethal outcome. The
fibrotic lung tissue after the inflammatory process is a background for development of a secondary pneumothorax. Although it rarely
causes lethal outcomes in COVID-19 patients, pneumothorax requires early diagnosis and adequate treatment to prevent any complica-
tions and decrease mortality rate.

Aim: The aim of this study was to analyse the results of surgical treatment of hospitalized COVID-19 patients with pneumothorax in
terms of demographic data, concomitant diseases, complications, and outcome.

Materials and methods: Longitudinal prospective study was carried out with 26 patients with pneumothorax as a result of SARS-
CoV-2 infection. They were treated at the Intensive Care Unit of the Infectious Disease Clinic and at the Second Clinic of Surgery,
St George University Hospital in Plovdiv over a 6-month period from September 2020 to February 2021.

Results: Seventeen of the patients were men and nine — women. Twenty-four of all patients underwent thoracentesis and two of them
had a video-assisted thoracoscopy. The mean age of the studied patients with pneumothorax and COVID-19 was 66.77+12.61 years,
which shows that it is the patients of advanced age with concomitant diseases that are at a higher risk of serious complications and
adverse outcome.

Of the hospitalized 1245 patients with COVID-19, 385 (30.92%) passed away. Of all hospitalized patients with SARS-CoV-2, 26 (2.08%)
developed pneumothorax. Sixteen of them (62%) passed away. The possibility of a lethal outcome for intubated patients increased more
than twice.

Conclusions: The pneumothorax as a complication of COVID-19 carries high mortality and severely worsens the prognosis for these
patients.
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INTRODUCTION

Pneumothorax is defined as the presence of air or gas in
the pleural cavity with or without lung collapse.! This is
a life-threatening condition and requires urgent medi-
cal intervention. According to etiology, pneumothorax is
classified as spontaneous or traumatic (by blunt or pene-
trating trauma or iatrogenic). Iatrogenic pneumothorax is
a complication of a diagnostic or therapeutic intervention,
for example, use of central venous catheter, transthoracic
aspiration, thoracocentesis, lung biopsy and most often -
barotrauma.? Spontaneous pneumothorax is not a result
of trauma or an iatrogenic procedure. While it develops
without visible lung pathology, the secondary one is most
often a complication of a previous lung disease. Although
the spontaneous pneumothorax can develop during infec-
tion including SARS- CoV-2?, the possibility of its occur-
rence increases in combination of 1) parenchymal damage
with underlying infection and 2) inflammatory response by
the ventilation and oxygen pressure**. SARS-CoV-2 provo-
kes infection with different clinical presentation. It involves
an asymptomatic condition, mild variants with fever and
dry cough to severe pneumonia, adynamia, and respiratory
failure with lethal outcome. The leading manifestations in
COVID-19 from the respiratory system in case of severe
respiratory symptoms (bilateral pneumonia with typical
image finding) require hospitalization with mechanical
ventilation and intubation. An increasing number of cases
with pneumothorax, especially in patients on mechanical
ventilation® were registered during the pandemic. Parenc-
hymal damage of the lung tissue leads to fibrosis after the
inflammatory process and this causes the development of
a secondary pneumothorax. Patients with pneumothorax
can develop subcutaneous emphysema and SARS- CoV-2
complication - pneumomediastinum.”® This requires pre-
cise and urgent diagnosis and adequate therapy to minimi-
ze the extent of worsening the disease.

AIM

The aim of this study was to analyse the results of the sur-
gical treatment of pneumothorax as a complication in
COVID-19 hospitalized patients in terms of demographic
data, the extent to which it can worsen prognosis of the
disease and its outcome.

MATERIALS AND METHODS

Patients

Longitudinal prospective study was carried out with 26 pa-
tients with pneumothorax as a result of SARS-CoV-2 infec-
tion. They were treated at the Intensive Care Unit of the In-
fectious Diseases Clinic and at the Second Clinic of Surgery

at St George University Hospital in Plovdiv, Bulgaria, over
a 6-month period from September 2020 to February 2021.

Methods

CT scans were used for the image diagnosis of pneumo-
thorax in 10 patients and lung X-ray was done in 16 pa-
tients. Fourteen of the patients were intubated at the Inten-
sive Care Unit of the Infectious Disease Clinic. Twelve of
them underwent a surgery at the Second Clinic of Surgery,
St George University Hospital in Plovdiv. Four of the pa-
tients had no concomitant diseases, but the rest 22 of them
presented with concomitant diseases — chronic obstructive
pulmonary disease (COPD), diabetes, arterial hypertensi-
on (AH), and heart failure (HF). Two of the patients un-
derwent a video-assisted thoracoscopy (VATS) with partial
lung resection and pleurodesis. Twenty-four of the patients
underwent thoracocentesis and three of them - bilateral
thoracentesis from 1 to 3 days.

Statistical analysis

The obtained data were statistically analysed using corre-
lation analysis (Pearson, Spearman coefficient), frequency
distribution, linear regression analysis, nonparametric dis-
persion analysis (Mann-Whitney test), ANOVA test was
applied to compare two groups and chi-square test using
SPSS v. 23.0. Data are presented as mean values * standard
deviation (X + SD) or in percent (%). Statistical significan-
ce was considered at p<0.05. The correlation coefficient (7)
was used to express how strong a relationship was between
two variables.

RESULTS

Demographic characteristics of
COVID-19 patients with pneumothorax
- age and sex

Over a 6-month period, a total number of 1245 patients were
registered with diagnosis of COVID-19 at St George Univer-
sity Hospital in Plovdiv. Of these, 385 (30.92%) passed away
(Fig. 1). Twenty-six patients were included in the present
study. They developed pneumothorax as a complication of
COVID-19 and accounted for 2.08% of the total number of
the hospitalized patients with SARS-CoV-2 (Fig. 2).

The mean age of the studied patients was 66.77+12.61
years. The oldest patient was 81 years and the youngest one
- 33 years old (Fig. 3). The prevalent part of the patients
was in the age group over 70 years. They were 57.69% of
all patients with pneumothorax (Fig. 4). This group had
the highest mortality rate (68.8%). The distribution by sex
showed that men prevailed over women (the ratio of men
to women was 1.89:1). The male patients were 17 (65.4%)
versus 9 women (34.6%) (Fig. 5).
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30.93%

69.07%

M Discharged ™ Deceased

Figure 1. Distribution of discharged and deceased patients
with SARS-CoV-2 hospitalized at St George University Hospital,
Plovdiv.

2.08%
97.92%
M SARS-CoV-2 ® Pneumothorax

Figure 2. Patients with pneumothorax of all COVID-19 patients.

Figure 3. Age distribution of the patients with pneumothorax.
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Figure 4. Distribution of the studied patients with pneumotho-
rax in the age group over 70 years.

34.60%

65.40%

B Male ®Female

Figure 5. Sex distribution of the patients with pneumothorax.

The women in our study were of significantly higher
mean age (75.11+4.37 years) while the mean age of men was
62.35+13.38 years (p=0.001). It is interesting to note that
100% of these women had concomitant diseases while this
percentage of men with such diseases was lower (76.5%).
The results showed that the chance a lethal outcome in-
creased 5 times in women (OR=5.00; 95% CI (1.73-34.20).
The mortality rate in women was twice as high as that in
men (88.9%). Mortality in men was 47.1% (p=0.03; r=0.38).

Surgical characteristics of
pneumothorax in COVID-19 patients
and outcome

Twelve of the patients (46.2%) had a right pneumothorax
and 11 (42.3%) - a left one. Combined (bilateral) pneumo-
thorax was found in 3 cases (11.5%); at the beginning of the
infection, pneumothorax was only one-sided and then it
became bilateral in the next 1-4 days. Four of the patients
diagnosed initially with mediastinal and subcutaneous
emphysema, developed pneumothorax in the next 1-4 days.
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Of the cases with left pneumothorax, 41.4% had a lethal
outcome. The mortality in the patients with right pneumo-
thorax was 72.2% and the three patients with combined
pneumothorax had a lethal outcome (Fig. 6). No statisti-
cally significant correlation was found between the pneu-
mothorax type and the disease outcome. However, such
correlation can be supposed considering the additional
factors that influence the development of the disease.

Fourteen patients (53.8%) received intubation and lung
ventilation. Eleven of them (78.6%) passed away and only 3
were discharged with improvement (21.4%) (Fig. 7). Twelve
(46.2%) patients were not intubated. Five of them (41.7%)
had a lethal outcome and 7 (58.3%) were discharged with
improvement. We found that intubation led to an increased
lethal outcome (p=0.05; r=0.35). The possibility of lethal
outcome for intubated patients increased more than twice
(OR=2.29; 95% CI (0.84-6.24).

Concomitant diseases were observed in 22 (84.6%) of
the studied patients, 14 of whom (63.6%) had a lethal out-
come. Although no significance (p>0.05) was observed,
we should take into consideration the existing correlation
between the concomitant diseases and the unfavourable
outcome of the disease. Only 15.4% of the studied patients
had no concomitant diseases (Fig. 8).

DISCUSSION

The diagnosed pneumothorax in our study is a secon-
dary one. It is a result of the parenchymal damage and the
inflammatory process in the lungs. It is considered that
mechanical ventilation is one of the most important risk
factors for development of pneumothorax in patients with
pneumonia with SARS-CoV-2.° The incidence of pneumo-
thorax in patients on mechanical ventilation is high and it
increases in acute respiratory failure (14% to 87%). It corre-
lates directly with the severity and the duration of the acute
respiratory failure and the barotrauma induced by the me-
chanical ventilation. This is more characteristic of the cases
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80.00% |
70.00% -
60.00% -
50.00% -
40.00% -
30.00% -
20.00% -

10.00% -

0.00% -
Left pneumothorax

Figure 6. Distribution of mortality by type of pneumothorax.

Right pneumothorax

with high inspiratory pressure (PIP) (>40 to 50 cm HZO),
high positive end-expiratory pressure (PEEP), high volume
and minute ventilation.!?

It is interesting that a patient with SARS-CoV-2 can de-
velop spontaneous pneumothorax, pneumomediastinum
and subcutaneous emphysema (some patients present with

46.20%
53.80%

® w/o mechanical ventilation W on mechanical ventilation

Figure 7. Distribution of patients on mechanical ventilation.

15.40%

84.60%

B with concomitant diseases B w/o concomitant diseases

Figure 8. Distribution of patients with concomitant diseases.

B Mortality

Combined (bilateral)
pneumothorax
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the last two even later), even though there is no mechanical
ventilation!! and there is normal breathing!?. In our study,
we observed 4 such patients who at the beginning had sub-
cutaneous mediastinal emphysema and consequently they
developed a pneumothorax.

Pneumothoraces occurring in patients with SARS-
CoV-2 have been reported since last year. The incidence of
pneumothorax in these patients differs by less than 1% to
6%.51314 In a study of 202 patients in Wuhan, it was con-
firmed that 12 of them (5.9%) developed pneumothorax
during the mechanical ventilation."* Chen N et al. also
reported a low incidence of pneumothorax (1%) in the
first patients in Wuhan.!> However, more than 50% of the
patients had chronic concomitant diseases. Pneumotho-
rax was also a rare complication in our study. Of the 1245
patients treated in our hospital, only 26 (2.08%) developed
pneumothorax. However, we observed concomitant diseas-
es (diabetes, COPD, AH, HF) in even higher percentages
than in our patients (84.6%). Our study contributes to the
previous reports demonstrating that the average occurrence
of pneumothorax in COVID-19 registered patients is about
2% and that it is comparable with the lower incidence of this
complication during the course of infection. Yang et al. pub-
lished data on pneumothorax as SARS-CoV-2 complication
which led to a lethal outcome during the period between 6
January and 25 February 2020.'° The comparative analysis
of 92 deceased patients with COVID-19 in Wuhan showed
that pneumothorax was a rare cause for the lethal outcome
(only in 1.1%). The acute respiratory failure was the main
cause for the lethal outcome in the deceased patients (79.3%)
followed by a septic shock (7.6%), heart attack (6.5%), and
multiorgan failure (2.2%). Our findings showed that the
pneumothorax as a cause for a lethal outcome (1.28%) was
comparable to that reported by Yang et al.!®

In our study, 16 out of all 28 patients with pneumotho-
rax passed away (62%). Mortality in patients on mechani-
cal ventilation was also high (78.6%). This can be explained
by the advanced age, the immunosenescence and the vari-
ety of concomitant diseases in these patients. Women had
twice as high mortality as men had. These results can be
accounted for by the fact that women had higher average
age and all of them had concomitant diseases. Akdogan et
al. showed similar results about mortality in patients with
pneumothorax with SARS-CoV-2 pneumonia (60%).16

However, although rare as a cause for mortality in
patients with COVID-19, pneumothorax requires early
diagnosis and treatment for prevention of complications
and decrease in mortality.

Age can also be a risk factor for pneumothorax devel-
opment in patients with COVID-19. It has also a signifi-
cant importance for the occurrence of other complications,
especially in people over 60 years old.'® The mean age of the
patients in our study is similar and women showed signifi-
cantly higher average age compared to men although men
with pneumothorax prevailed over women.

Pneumothorax in patients with SARS-CoV-2 pneumo-
nia needs thorough examination and control since it can

Surgical Results for COVID-19 Pneumothorax

lead to other complications. According to another survey,
80% (4/5) of the intubated patients with SARS-CoV-2
pneumonia had a bilateral pneumothorax. Three of them
(75%) developed a secondary bacterial pneumonia, two -
pneumomediastinum and massive subcutaneous emphy-
sema and one - pneumoperitoneum.!6

CONCLUSIONS

This is the first study in Bulgaria on the occurrence of
pneumothorax in COVID-19 patients. It shows that deve-
lopment of pneumothorax in the course of SARS-CoV-2
infection is a serious complication carrying high mortality.
In patients on mechanical ventilation, the mortality rate is
twice as high as in the group with normal breathing.
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Pe3tome

BeegeHue: Hosblit kopoHaBupyc SARS-CoV-2 BbI3biBaeT MHGEKIVIO C pasIMYHbIMY KIMHNYECKMMY HposBieHnsamMu. OH Bapbupy-
eTcsA OT 6eCCUMITOMHBIX COCTOSHMIA, TETKMX BAPUAHTOB C IMXOPALIKOIL VM CYXMM KAIIEM [0 TsKENOI THEBMOHWM, JIETaPTVM U JibIXa-
TENIbHOI HEJIOCTATOYHOCTH C JIeTaTbHBIM McxofnoM. Pub6po3Has TKaHb JIETKOTO IOC/Ie BOCIIAIUTEIBHOTO MPOLIecca ABIAETCA OCHOBOM
PasBUTHA BTOPMYHOTO IIHEBMOTOpAKCca. XOTA MHEBMOTOPAKC PEIKO IIPUBOAMT K /IeTaIbHOMY MCXoy y maryenTos ¢ KOBIJI-19, on
TpebyeT paHHeil IUATHOCTVKY ¥ aJleKBaTHOTO JICYEHIS /IS IIPEOTBPAIeHMsA TI0ObIX OC/IOKHEHNIT M CHYDKEHUA CMEPTHOCTL.

Uenb: Llenp mccnefoBannsa — HPOAaHAIM3UPOBATb Pe3y/IbTAThl XMPYPIMYECKOTO JIeYeHUA TOCIUTAIN3UPOBAHHBIX HAI[VIEHTOB C
KOBM]I-19, cTpafaiommx ITHEBMOTOPAKCOM, C TOUKM 3peHNs AeMorpaduuecKux TaHHbBIX, COMYTCTBYIOMUX 3a60/IeBaHIIL, OCTIOXKHe-
HUN U UCXOJOB.

MaTtepuansl u metoabl: IIpoBesieHO ONTOCPOYHOE MPOCHEKTVBHOE MCCIe0BaHNe Cpeay 26 MalMeHTOB C ITHeBMOTOPAKCOM B
pesynbrare uapexunu SARS-CoV-2. OHu MeYnInch B OTHENEHNI MHTEHCUBHOI Tepary KIMHUKY MHQEKIMOHHbIX 3ab0/1eBaHmit
IIpY BTOPOI XMPYPrUUeCKOI KIVHVIKE YHUBEPCUTETCKOI 60nbHMULbI «CB. Teopru», IT10BAYB, CPOKOM Ha LIIECTh MECSLIEB C CEHTAOPs
2020 roza o ¢espainb 2021 ropa.

Pe3ynbraTbl: CeMHaAIaTh NAIMEHTOB OLIIN MY)KYMHAMU ¥ JeBATH KeHIIMHAMI. [IBa/ilaTh YeThIpe MaljyieHTa IPOIL/IM TOPAKOLeH-
Tes, BO€ U3 HUX — BUAeoTOpaKockomuio. CpeqHmil BO3pacT 00C/IeTOBaHHBIX MaleHToB ¢ mHeBMoTopakcoM 1 KOBWI-19 cocraBui
66.77+12.61 TOfA, 9TO CBUAETENLCTBYET O TOM, YTO MMEHHO MOXWJIble MAIIMEHThI C COMYTCTBYIOUMMM 3a00IeBAHMAMY MEIOT HaM-
OONBIINIT PUCK CEPbE3HBIX OCTIOXHEHNIT Y He>KeNaTeNbHbIX SABICHUIL.

W3 1245 manmeHToB, rocuutanusupoBanueix ¢ KOBUII-19, 385 (30.92%) ymepnu. VI3 Bcex rOCHMTaIM3MPOBAHHBIX MALMEHTOB C
SARS-CoV-2 y 26 (2.08%) pasBuics nHeBMoTopakc. lllectHapuarh u3 HUX (62%) yMep/n. BeposTHOCTh cMepTH MHTYOMPOBAaHHBIX
IIALIeHTOB yBeIMYN/IACh O0/Iee YeM BABOE.

3aknioueHune: [Tnesmoropakc kak ocnoxHeHre KOBVJI-19 BhIsbIBaeT BHICOKYIO CMEPTHOCTD U CHJIBHO YXY/UIAaeT IPOTHO3 MAaIiM-
€HTOB.

KnwoueBble cnoBa

xupyprus nérknx, SARS-CoV-2, Topakouenres, VATS
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