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Background: Spontaneous pneumothorax as a complication of COVID-19 pneumonia is either
uncommon or under-reported. The exact incidence and risk factors are still unknown. The objective
of this study is to highlight an important complication, its incidence and explore the predisposing risk
factors. Methods: We performed a retrospective review of COVID-19 pneumonia cases admitted to
our hospital between February 2021 and June 2021. Data on their demographics, pre-existing risk
factors, laboratory workup, imaging, treatment and clinical outcomes were gathered. Results: One
thousand eight hundred and twenty-five patients have admitted to our institution between February
2021 and June 2021 with COVID-19 infection. 11 patients developed a pneumothorax (0.6%). 6 out
of the 11 cases were patients who required mechanical ventilation (54.5%). All of these patients
underwent chest tube insertion. Baseline imaging of these patients showed ground-glass opacities
(GGO) and consolidation. 8 of the 11 patients succumbed to the disease (72.7%). Conclusion: In
patients admitted with COVID-19 pneumonia and developing sudden respiratory compromise,
pneumothorax is an important complication to be considered. Prompt identification of this
complication and timely intervention is necessary to reduce morbidity and mortality. Low tidal
volume lung-protective ventilation and the use of non-invasive ventilation for oxygenation remain
the cornerstone in the management of COVID pneumonia. It significantly decreases iatrogenic
complications like VILI (ventilator-induced lung injury) and P-SILI (patient self-inflicted lung injury.
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Introduction

Coronavirus is a family of an RNA virus and the
disease is caused by SARS-CoV-2 capturing the
world by its jugular. COVID-19 was declared a
global health emergency by the WHO as of January
30, 2020. [1,2]. Pneumothorax is often a late
manifestation and complication that presents during
the treatment of COVID-19 pneumonia [3,4,5].
Pneumothorax increases the risk of mortality when
undiagnosed or untreated. [6]. In a study published
by Yang and colleagues in 92 deceased COVID-19
patients, one (1.1%) had a pneumothorax and died
as a result of it 5 days after the initial presentation.
[7]. Pneumothorax has also been linked to poor
prognosis in patients infected with the acute Middle
East respiratory syndrome coronavirus (MERS-CoV).
[8]. Both pneumothorax and pneumomediastinum
are known complications of mechanical ventilation.
[3,9]1. Nonetheless, even without barotrauma,
pneumothorax, pneumomediastinum, or more
rarely both, can be present in COVID-19. [10,11].
In this study, we aim to explore the risk factors and
understand the pathophysiology of pneumothorax in
COVID-19 pneumonia.

Materials & Methods

A retrospective review of data of patients admitted
to our institution with COVID-19 disease between
February 2021 and June 2021 was performed.
During this period one thousand eight hundred and
twenty-five patients were treated in our institution.
They were diagnosed via RT-PCR or antigen test. All
patients were evaluated with a chest radiograph and
CT thorax during the hospital stay. Pneumothorax
was confirmed with a chest radiograph. Patients
with pneumothorax were reviewed thoroughly.
Details regarding risk factors (comorbidities,
smoking, BMI, ventilation status and steroid use),
laboratory parameters (CRP, LDH, Serum Ferritin, D-
Dimer and total counts), imaging findings ( chest
radiograph, CT severity score and CORADS),
treatment modalities and outcome of disease were
documented for each patient.

Sample Size: 1825

Sample size Estimation of

proportion:

equation-

Z*-a/pq
(pe)’

Where,

n =

P- Anticipated proportion of event
q=1p
& _ precision

Z, ., -Statistical table values

= Sampling method: Convenient sampling.

= Study design: Retrospective Observational
study (from hospital records).

= Study area: Department of General Surgery
and Department of Anesthesiology, MOSC
Medical College Hospital, Kolenchery,
Ernakulam, Kerala.

= Study population: Moderate to Severe COVID
positive patients in Kerala.

= Inclusion criteria: All patients who got
admitted with Moderate to Severe COVID-19
infection.

= Exclusion criteria: Patients who expired before
appropriate evaluation or treatment.

= Ethical Considerations: Approval was sought
from the institutional ethics committee. Waiver
of Informed consent was sought from the IEC.

Results

In our study, it was observed that the mean age of
presentation was 51 years of age. The most
common presenting symptoms were cough, fever
and breathlessness. The average duration of
symptoms was 4.9 days. It was noted that none of
the patients was vaccinated at the time of
presentation. 5 patients who developed
pneumothorax were referred cases with severe
COVID-19 pneumonia. (Table 1 & 2)

Patients who developed pneumothorax had
comorbidities such as diabetes mellitus,
hypertension, coronary artery disease, valvular
heart disease, BPAD, nephrotic syndrome, COPD
and pulmonary tuberculosis. Only one patient had a
significant pulmonary disease (COPD, pulmonary
tuberculosis) with a history of smoking. 2 patients
had a history of intake of steroids. One patient had
a BMI of less than 18.5kg/m2 (underweight), 2
patients had a BMI of more than 30kg/m2 (obese)
and 8 patients had a BMI of 25-kg/m2 (overweight).
(Table 1 & 2)
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Table 1: Presenting Symptoms and Vaccination
Status.

1 Cough 9(81.8%) Not vaccinated

2 Fever 7(63.6%) Not vaccinated

3 Breathlessness 8(72.7%) Not vaccinated

4 Diarrhoea 2(18.1%) Not vaccinated

5 Vomiting 1(9.09%) Not vaccinated

6 Swelling in the neck and  |1(9.09%) Not vaccinated
chest

Table 2: Comorbidities and Risk Factors.

1 Diabetes mellitus 7(63.6%)
2 Systemic hypertension 6(54.5%)
3 ICOPD & Pulmonary edema 1(9.09%)
4 CAD 2(18.18%)
5 Valvular heart disease 1(9.09%)
6 Nephrotic syndrome 1(9.09%)
7 Dyslipidemia 1(9.09%)

The mean serum LDH level was 825 U/L whereas
the mean serum Ferritin level was 844.5 mcg/L. The
D-Dimer, total counts and CRP levels were noted to
be high in patients who developed pneumothorax. 9
patients who developed pneumothorax, had bilateral
chest infiltrates on chest radiograph at presentation.
CT findings included ground-glass opacities (GGO),
consolidation and pneumomediastinum. (Figure 1 &
2).

Figure 1: Chest Xray Showing Left
Pneumothorax and Right-Sided Consolidation.

Table 3: Salient Xray and Ct Findings of
Patients with Pneumothorax.
Numbers and

Sr Xray Numbers and CT findings

No. Findings Percentages

Percentages

1 |Chest 9(81.8%) Ground glass opacities [8(72.72%)

infiltrates

2 |Pneumot |2(18.18%) Consolidation 8(72.72%)

horax

B8] Pneumomediastinum |1(9.09%)

4 Pneumothorax 2(18.18%)

CT severity score was more than 12 in all patients
with the mean score being 20.

Figure 2: Axial and Coronal Sections of Ct
Imaging Showing Ground Glass Opacities,
Subcutaneous Emphysema,
Pneumomediastinum and Pneumothorax.

The mean time of development of pneumothorax
was noted to be 11 days after testing positive for
COVID-19 infection. 6 patients who developed
pneumothorax had subcutaneous emphysema. All
patients underwent intercostal drainage and one
patient required multiple same side intercostal drain
(ICD) insertions for persistent non-resolving
pneumothorax. One patient also underwent
prophylactic ICD insertion on the opposite side to
decrease the tracking of air from the affected lung.
(Table 4).

Table 4: Clinical Features and Icd Details.

1 [Present 6(54.54%) Unilateral 8(72.72%)
2 |Absent 5(45.45%) Bilateral 3(27.27%)
3 Single ICD 8(72.72%)
4 Multiple ICD  [3(27.27%)

In our study 11 out of 1825 patients developed a
pneumothorax (0.6%). 5 out of them (45.4%) had
a spontaneous pneumothorax. Four of the patients
were on volume control ventilation, with a tidal
volume (TV) of 6 to 8 ml/kg and positive end-
expiratory pressure (PEEP) ranging from 7 to 12,
while one was spontaneously breathing on a
continuous positive airway pressure (CPAP) of
10mmHg. (Table 5).

Table 5: Mechanism of Pneumothorax and
Mode of Ventilation.

Sr Mechanism of Numbers and Mode of non- Numbers and

no. pneumothorax Percentages invasive

percentages

ventilation

1 [Spontaneous  [5(45.45%) BiPAP 2(18.18%)

2 |Post ventilation [6(54.54%) SFM 2(18.18%)

3 HFNC 1(9.09%)
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In our study, 5 patients (45.4%) who developed
pneumothorax were on non-invasive ventilation
(NIV). Out of these 5 patients, 2 patients (40%)
were on SFM, 2 patients (40%) were on bilevel
positive airway pressure (BiPAP) and 1 (20%) on
high flow nasal cannula (HFNC). (Table 5).

All patients with pneumothorax were treated with
steroids and antibiotics. 9 patients were started on
anticoagulant therapy and 8 patients received anti-
virals. 2 patients also received monoclonal
antibodies as part of treatment. (Table 6).

Table 6: Treatment Modalities.

Srno. Treatment administered Numbers and percentages

1 Antivirals 8(72.72%)
2 Antibiotics 11(100%)
3 [Anticoagulants 9(81.81%)
4 Steroids 11(100%)
5 Monoclonal antibodies 2(18.18%)

3 of the patients survived while the remaining 8
succumbed to the fatal disease. (Table7).

Table 7: Outcomes in Patients with
Pneumothorax.

Sr No. Outcome Numbers and Percentages

1 Survived 3(27.27%)

2 Succumbed 8(72.72%)

Discussion

Pneumothorax refers to air getting entrapped in the
pleural space which can either be spontaneous or
following trauma. [12]. Pneumothorax can also be
classified as primary, secondary, iatrogenic
(pacemaker insertion, thoracic surgeries) or
following blunt/penetrating trauma. [12]. Diseased
lung causes secondary pneumothorax whereas
primary pneumothorax occurs in generally healthy
people without an underlying lung pathology. [13].
In pneumothorax, loss of intrapleural negative
pressure causes the lung to collapse partially or
impair ventilation, oxygenation or both. The clinical
presentation varies from being asymptomatic to life-
threatening. [13]. Pneumothorax is a surgical
emergency; prompt identification and management
are important for a good prognosis. [12,13].

The primary risk factor for spontaneous
pneumothorax (SP) is always an underlying lung
pathology of which chronic obstructive pulmonary
disease with emphysema outscores others such as
tuberculosis, smoking, trauma, lung malignancy,

Cystic fibrosis, alpha-1 antitrypsin deficiency, HIV
associated Pneumocystis pneumonia and other lung
diseases. [14-16]. Tall and thin built males in the
age group of 10-30 years are known to be at risk
for the development of primary spontaneous
pneumothorax. [17]. Spontaneous pneumothorax
and pneumomediastinum unrelated to intubation or
positive pressure ventilation have been reported in
various infections such as influenza, pneumocystis
jirovecii pneumonia (PCP), herpes simplex,
staphylococcus aureus pneumonia, cytomegalovirus,
influenza bronchiolitis and severe acute respiratory
syndrome (SARS). [18-23]. Other predisposing
factors include asthma, corticosteroids, respiratory
irritants and other anatomical abnormalities such as
tracheomalacia. [24-27].

Development of bullae in otherwise normal lung
parenchyma is seen in bullous lung disease. [28]
Risk factors for the development of bullae include
smoking, pulmonary sarcoidosis, alpha-1
antitrypsin, alpha-1 anti-chymotrypsin deficiency,
connective tissue disorders (Marfan’s and Ehlers-
Danlos syndrome), fibreglass exposure and
addiction to drugs (marijuana). [29,30]. In COVID-
19, sudden respiratory compromise in otherwise
stable patients has been reported. The most
prevalent cause for this sudden worsening was a
pulmonary embolism, followed by pneumothorax as
reported by Shaikha D Al-Shokri et al. [31, 32].
Cough, a common symptom of COVID-19
pneumonia poses an increased risk of spontaneous
pneumothorax due to increased intrapulmonary
pressure especially in the presence of underlying
alveolar damage due to inflammation, ischemic
parenchymal damage and other pleural
abnormalities. [33-35]. Intense coughing can
increase the intrathoracic pressure rapidly to up to
300mmHg. [36]

COVID-19 pneumonia is characterized by
overwhelming inflammation and steroids are often
recommended for reducing inflammatory responses
and is thus a potential strategy for reversing
progression in acute respiratory distress syndrome
(ARDS). [37]. Steroid use in connective tissue
disorders has been seen to weaken the pulmonary
interstitial tissue causing an alveolar air leak. [38].
Corticosteroid therapy causes delayed wound
healing in fragile lung tissue and leads to the
formation of bullae and subsequent pneumothorax
through the check valve mechanism. [39]. Even
though pneumothorax is implicated in chronic
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Steroid use, a previous study describes a COVID-19
patient developing pneumothorax after just 6 days
of steroid use from the time of hospitalization. [40].
In patients with SARS and pneumothorax,
administration of methylprednisolone affected lung
healing and the presence of a higher peak serum
LDH and peripheral leukocyte count was postulated
to depict a greater extent of lung injury, thus raising
the risk of pneumothorax. [41].

COVID-19 data from Wuhan, China showed that
obese patients had more severe illnesses and
increased mortality. [42]. Studies have found
obesity (BMI>=30kg/m?2) to be an independent risk
factor for pulmonary oedema, diffuse alveolar
damage (DAD) and alveolar-capillary hemosiderosis.
[43]. One can postulate that obese COVID-19
patients who are at risk for DAD are also at higher
risk for developing SPM. Studies have demonstrated
COVID-19 viral entry and cellular injury via
angiotensin-converting enzyme -2 (ACE-2) receptor
into target cells including surfactant-producing type
II pneumocytes. [44]. The dysregulation of
surfactant production contributes to the
development of subcutaneous emphysema (SE) and
pneumomediastinum from impaired lung
compliance. The upregulation of ACE-2 expression
found in chronic hypertension and diabetes mellitus
may potentially explain the increased viral load in
the population, leading to increased morbidity in
COVID-19. [45]. COVID-19 infection can cause
severe pneumonia leading to ARDS which is
radiographically diagnosed by ground-glass
opacities forming consolidative changes and at later
stages to fibrotic changes. [7,4]. COVID 19 causes
ischemic lung parenchymal damage by activation of
inflammatory markers and fibroblasts precipitating
fibro-myxoid exudates promoting pulmonary cyst
formation. [46,29]. Development of severe
intrapulmonary strain due to increased respiratory
effort and persistent bouts of cough result in
rupture of the alveolar cysts. [47]. Severe lung
injury and diffuse alveolar damage contribute to the
mechanism of spontaneous pneumothorax
complicating severe acute respiratory distress
syndrome. [41]. The rupture of alveoli secondary to
diffuse alveolar damage as seen in COVID-19 may
cause pulmonary interstitial emphysema (PIE), as is
seen with neonates on ventilatory support. [48].
Hyperactive and dysregulated immune response
known as cytokine storm syndrome leads to a
hyperinflammatory form of ARDS which is

Associated with critical illness and increased
mortality in COVID-19 pneumonia. [49-51].
Hyperferritinemia, haemodynamic instability and
multiorgan failure is now recognized as being the
main cause of the severity of SARS-CoV-2 infection.
[52]. This leads to weakening of bronchial walls
causing edema, vascular  congestion and
microthrombi contributing to the rupture of
preexisting bullae leading to pneumothorax. [29].

Laboratory evaluation has a predictive value to
identify potential risk factors for spontaneous
pneumomediastinum (SPM). Levels of cell death due
to plasma membrane damage can be reflected by
Lactate dehydrogenase (LDH). In the SARS
outbreak, higher peak LDH was associated with SPM
as compared with those without SPM (mean 863 U/L
Vs 583 U/L). [53]. In the early phase of COVID-19
infection, leukopenia, lymphocytopenia, high level of
CRP, high D-dimer, prolonged PT, and high levels of
fibrinogen have been reported. [54,55]. A similar
trend was noted in our study with the mean Serum
LDH level being 825U/L. D-Dimer, total counts and
CRP levels were also noted to be high in patients
who developed pneumothorax. A study by Chen G
et al reported that ferritin level was higher than
800mcg/L in 100% of patients with severe COVID-
19 infection. [56]. It has also been reported that
serum ferritin of more than 400mcg/L is a risk
factor for progression to severe disease in a study
by Ji D et al. [57]. The mean Serum ferritin level in
our study was 844.5mcg/L

The hallmarks of the virus characterized by CT are
bilateral interstitial infiltrates, ground-glass opacity
(GGO) patterns, multiple lobar and subsegmental
consolidations and air bronchograms. [58,10].
Features like pleural or pericardial effusions,
cavitary lesions, bronchiectasis along uncommon
features of pneumomediastinum and pneumothorax
were also reported. [10,11,59,60]. CT remains the
most effective method to detect lung abnormalities
and estimate the evolution of the disease.
Pneumothorax is a rare radiological finding seen in
1% of 99 patients was reported early in the
pandemic by Chen et al. [61].

Severe COVID-19 patients are at high risk for
coagulopathy like deep vein thrombosis (DVT),
venous thromboembolism (VTE) and possible
pulmonary embolism (PE) (25%). [62,63].
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Increased D-Dimer, APLA, lactate dehydrogenase
with mild to no changes in PT and PTT are seen in
COVID-19 coagulopathy. [17,25,26]. Cytokine storm
syndrome, DIC, immobilization, hypoxia secondary
to excessive lung injury in COVID-19 infection can
result in thromboembolic events. [64]. Mechanical
ventilation causes overdistension of alveoli, causing
the occurrence of a large pressure gradient between
the marginal alveoli and lung interstitium, resulting
in air leaks to the surrounding bronchovascular
sheath (Macklin phenomenon). [65]. This explains
how long term ventilation, results in accelerating
cyst rupture and tracking air out of pulmonary
tissue. [66]. This air traverses to the visceral pleura,
mediastinum and cervical soft tissue causing
pneumothorax, mediastinal emphysema,
pneumomediastinum and cervicofacial subcutaneous
emphysema. [34,67,68].

Invasive mechanical ventilation is often required in
the treatment of COVID-19 and it appears to be a
predominant risk factor for pneumothorax in
COVID-19 pneumonia. The incidence of
pneumothorax in mechanically ventilated patients is
high and even higher in ARDS ranging from 14 to
87%. In our study 11 out of 1825 patients
developed a pneumothorax (0.6%). 6 out of them
(54.5%) had spontaneous pneumothorax while on
mechanical ventilation. Four of the patients were on
volume control ventilation, with a TV of 6 to 8 ml/kg
and a PEEP ranging from 7 to 12, while one was
spontaneously breathing on a CPAP of 10mmHg.The
incidence of pneumothorax is seen to increase with
the severity and duration of ARDS, duration of
ventilation, comorbidities, barotrauma and
volutrauma. Aiolfi et al, Yao W et al and Sun R et al
reported cases of pneumothorax after mechanical
ventilation. [69,3,5]. Sun R also suggested that
ventilation using high PEEP may cause the
development of pneumothorax, partly through the
development of new bullae or rupture of existing
bullae or cysts. [5]. Often manoeuvres performed to
improve oxygenation such as high PEEP, high tidal
volumes and high minute ventilation leads to high
peak inspiratory pressures (greater than 40 to 50
cmH20) alveolar overdistension and pneumothorax.
In addition manipulation of the airway (intubation or
tracheostomy) may cause alveolar rupture and
pneumothorax. [70-72, 34]. Lung protective
ventilation strategies such as low-volume and
pressure-limited ventilation are essential to
minimize barotrauma and volutrauma.

In a previous study, the rate of pneumothorax
development was 5.9% in the first 24 hours
following initiation of ventilation, and this rate
increased to 10.4% after 1 day. [3]. Gattinoni et al,
found that the longer the duration of mechanical
ventilation in ARDS, the higher the incidence of
pneumothorax (87% vs. 30% in those with more
than 2 weeks of mechanical ventilation vs. less than
1 week). [73]. In addition, patients with bullae and
low lung compliance had higher rates of
pneumothorax.

It was interesting to note that patients on NIV
(BIPAP, CPAP) and oxygen delivery devices (SFM,
HFNC), who are thought to have a low risk of
barotrauma and subsequent complications were
seen to develop pneumothorax. In our study, 5
patients (45.4%) who developed pneumothorax
were on NIV.Out of these 5 patients, 2 patients
(40%) were on SFM, 2 patients (40%) were on
BiPAP and 1 (20%) on HFNC. The proposed
mechanism is that the end-expiratory pressure
provided by BiPAP or CPAP increases the pressure
gradient between alveoli and the interstitial space,
causing alveolar rupture with the extension of air
into the mediastinum, pleura, and subcutaneous
tissues. That being said the vast majority of patients
on NIV do not experience SE or SPM. It has been
theorized that extensive airspace disease caused by
COVID-19 makes normally low-risk patients
susceptible to SE/SPM, perhaps related to the
constellation of lung damage, supplemental oxygen,
and decreased lung compliance. [74]. Wang et al
and Zhou et al presented cases of pneumothorax
without invasive ventilation. [40,11].

Wang et al reported a patient who presented with
spontaneous pneumothorax, pneumomediastinum
and subcutaneous emphysema without invasive
ventilation. [40]. A case of pneumothorax in a
spontaneously breathing patient was also reported
by Zhou et al. [11]. High-flow nasal cannula (HFNC)
therapy is an intermediate level of support between
conventional oxygen delivery and non-invasive
ventilation (NIV) and is capable of delivering up to
100% humidified and heated oxygen at a flow rate
of 60L/min and a PEEP of up to 6 cm of water,
meeting the increased flow demand and hence
reduces the work of breathing in ARDS. [75].

HFNC helps mitigate (patient self-inflicted Iung
injury) P-SILI by delivering a variable pressure
during the respiratory cycle with maximum pressure
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In early expiration. This mechanism supplies a PEEP
thus promoting alveolar recruitment but also avoids
alveolar overdistension despite a high flow. Even
though a few cases of possible barotrauma
concerning HFNC have been reported in the
pediatric population, the incidence of pneumothorax
is reported to be as low as 1%. [76,77]. A
Multicentric study from the UK comparing non-
intubated patients and patients requiring positive
pressure ventilation for the development of
pneumothorax and pneumomediastinum concluded
that both groups were susceptible for pneumothorax
and barotrauma alone cannot explain this
association. [78].

Conclusion

Having been over 2 years into the pandemic, we
now realise that pneumonia is a common sequelae
of COVID-19 infection. The mechanism of viral entry
and cellular injury through the ACE-2 receptors into
target cells as well as the cytokine storm leading to
a hyperinflammatory form of ARDS have been
delineated. Sudden deterioration of respiratory
status in such patients should alert one to the
possibility of pneumothorax as the precipitating
factor, even in patients not on mechanical
ventilation. Institution of lung protecting strategies
and early intervention in cases of pneumothorax are
thus important in ensuring better outcomes in these
patients.
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What does this study add to the existing
knowledge?

Prompt identification of pneumothorax in COVID 19
pneumonia and timely intervention is necessary to
reduce morbidity and mortality. Low tidal volume
lung-protective ventilation and the use of non-
invasive ventilation for oxygenation remain the
cornerstone in the management of COVID
pneumonia. It significantly

Decreases iatrogenic complications like VILI
(ventilator-induced lung injury) and P-SILI (patient
self-inflicted lung injury).
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