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Pneumothorax as the presenting manifestation of COVID-19
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Since identification of novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) as the causative
agent from a cluster of pneumonias in the Hubei
providence of China in December 2019, coronavirus
disease 2019 (COVID-19) has rapidly evolved into a global
pandemic. Iran has been one the countries most affected by
COVID-19, with a mortality rate of 7.6% among 29,406
confirmed cases as of March 27th, 2020 (1). COVID-19 was
first reported in 2 patients in the city of Qom on February
19th, 2020, since then the disease has disseminated
throughout all 31 provinces. The first confirmed patients in
the capital city of Tehran were reported on February 21st
2020 (2). In this manuscript, we report three COVID-19
patients from Tehran who presented with pneumothorax as
an initial manifestation of COVID-19. This unusual clinical
presentation has not been previously reported, and its
addition to the rapidly growing list of signs and symptoms
could increase awareness to this potentially life-threatening
consequence of COVID-19.

All 3 patients presented to the emergency room
of Imam Hossein Hospital (7zble 1), a University
hospital located in Southeast of Tehran, Iran. The
clinical presentation of these patients raised concern
for COVID-19 and this prompted evaluation by the
emergency room (ER) physicians. Chest computerized
tomography (CT) scan revealed a large pneumothorax in
all 3 patients and the surgical service was then consulted to
assist with management.

Patient specific clinical course and pertinent
clinical and laboratory findings

Patient 1

On March 20, 2020, a 45-year-old homeless man presented
to the emergency department with a 5-day course of fever,
cough, and shortness of breath. He was non-smoker and
had no known previous past medical or surgical history
and denied any recent trauma. The physical examination
on arrival revealed a body temperature of 38 °C with
blood pressure of 110/80 mmHg, pulse rate of 105 beats
per minute and respiratory rate of 28 breaths per minute,
his oxygen saturation was 89% on room air. He had no
alteration in mental status with a Glasgow coma scale
(GCS) of 15. Lung auscultation revealed rhonchi on the
right side and diminished breath sounds over the left
hemithorax. Initial blood work demonstrated the following:
WBC 4,600 pL with 17% lymphocytes, CRP 51 mg/L,
with a non-elevated D-Dimer test (<7,500 ng/mL). Sample
was obtained and sent for real time reverse transcription-
polymerase chain reaction (RT-PCR) analysis to evaluate
for COVID-19. Chest CT scan showed a large left sided
pneumothorax (Figure I). A left sided thoracostomy tube
was placed and the lung completely re-expanded. Despite
this measure, his respiratory status continued to deteriorate,
and he was transferred to the intensive care unit (ICU), and
required intubation and ventilator support 8 hours after
placement of the thoracostomy tube. On arrival to the ICU,
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Table 1 Patients’ characteristics and outcome
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Characteristics Age/sex Chest CT-scan Hospital course Outcome

Patient 1 45/male Figure 1 Progression to ARDS Death

Patient 2 56/male Figure 2 Progression to ARDS Death

Patient 3 29/female Figure 3 Resolution of symptoms Discharge to home on day 7

Figure 1 Chest CT scan of patient 1 showing a large left sided

pneumothorax.

e

Figure 2 Chest CT scan of patient 2 showing a moderate left sided

pneumothorax.

he was febrile (body temperature 38.8 °C), tachycardic (heart
rate 120 beats per minute), and hypotensive (blood pressure
90/70 mmHg). The acute physiology and chronic health
evaluation (II) (APACHE II) score was 12. The ventilator
was set on volume assist-control ventilation (ACV) mode
with a positive end-expiratory pressure (PEEP) of 18 and
a tidal volume (T'V) of 6 cc/kg. Despite these measures he
remained hypoxemic. Shortly after he progressed to acute
respiratory distress syndrome (ARDS) and died 12 hours

© Journal of Thoracic Disease. All rights reserved.

after arrival to the ICU. The result of his RT-PCR analysis
returned positive for COVID-19 three days after his death.

Patient 2

On March 18, 2020, a 56-year-old man presented to the
emergency department with 3-day history of fever, cough,
and chest pain. He was a 37 pack-year smoker and otherwise
healthy with no recent history of trauma. He reported close
contact with a COVID-19 positive patient. During the
initial evaluation, he had a body temperature of 37.7 °C,
blood pressure of 120/80 mmHg, pulse rate of 99 beats per
minute, respiratory rate of 22 breaths per minute, and his
oxygen saturation was 91% on room air. He had normal
mental status with a Glasgow Coma Scale (GCS) of 15.
Lung auscultation revealed decreased breath sounds over
the left hemithorax. Initial blood work demonstrated the
following: WBC 26,000 pL with 6% lymphocytes; and CRP
61 mg/L. A COVID-19 PCR test was obtained. Chest CT
scan showed a moderate size pneumothorax on the left side
(Figure 2). A left thoracostomy tube was placed and due to
high clinical suspicion, he was admitted to the COVID-19
Unit. His APACHE 1II score on admission to the unit was
14. On the second day of admission, he became febrile
(body temperature 38 °C) and hypotensive (blood pressure
80/pulse). His respiratory status rapidly decompensated and
he required intubation with mechanical ventilation; he was
placed on ACV mode with a PEEP of 17 and TV of 5 cc/kg.
Despite all efforts, he died 30 hours after admission to
the unit. The result of RT-PCR for COVID-19 returned
positive 2 days after patient’s death.

Patient 3

On March 21, 2020, a 29-year-old woman presented to
the emergency department with 4-day course of low-grade
fever and chest pain. She was otherwise healthy with no
recent pregnancy or child delivery, and denied any trauma
or contact with confirmed COVID-19 patients. During the
initial evaluation, she had a body temperature of 37.6 °C,
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blood pressure of 100/70 mmHg, pulse rate of 100 beats
per minute, respiratory rate of 24 breaths per minute, and
oxygen saturation of 91% on room air. She had a GCS
of 15 with an APACHE II score of 3. Lung auscultation
revealed decreased breath sounds over the right hemithorax.
Initial blood work was a follow: WBC 12,500 pL with 16%
lymphocytes; and CRP 7.7 mg/L. A COVID-19 PCR test
was obtained. Chest CT scan showed a large pneumothorax
on the right side (Figure 3). A thoracostomy tube was
placed with resolution of the pneumothorax. She was
then admitted to the surgical ward for thoracostomy tube
management and supportive care. Her symptoms improved
and the thoracostomy tube was removed on hospital day 4;
she was discharged home on hospital day 7. Figure 44 shows
the chest X-ray after thoracostomy tube placement and

Figure 3 Chest CT scan of patient 3 showing a large right sided

pneumothorax.

Ayazi et al. Pneumothorax and COVID-19

Figure 4B shows the chest X-ray after removal of the tube.
The result of RT-PCR returned positive for COVID-19
while patient was still in the hospital.

Pneumothorax has been reported as a finding in
viral pneumonia as early as during the 1918 HINI
influenza pandemic (3). Studies published about more
recent pneumonia pandemics also report development of
pneumothorax in patients with severe acute respiratory
syndrome (SARS) and also during Middle East respiratory
syndrome (MERS) and 2009-2010 HIN1 influenza
outbreaks. However, this pattern of pneumothorax almost
always developed during mechanical ventilation or late in
the course of disease.

In a study of 41 SARS patients on mechanical ventilation,
5 patients (12%) were found to develop pneumothorax
at a mean of 8 days following initiation of mechanical
ventilation. The patients who went on to develop
pneumothorax were noted to have a higher respiratory
rate on admission, lower PaO,/FiO, ratio, and high PaCO,
levels, but did not significantly differ in ventilator pressure
and adjusted volumes compared to the patients who did not
develop pneumothorax (4). Sihoe and colleagues presented a
series of 6 SARS patients with spontaneous pneumothorax,
4 of which developed pneumothorax without prior positive
pressure ventilation. None of them had pneumothorax
on presentation and developed the condition at a mean
24.3 days (range, 14 to 37 days) following admission (5).
Similarly, two retrospective reviews of intubated MERS
patients reported development of pneumothorax in 7.1%
and 30% of their patients (6,7). Also multiple cases of

»
A

4

Figure 4 Chest X-ray of patient 3. (A) after thoracostomy tube placement; (B) after removal of the tube and resolution of pneumothorax.
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pneumothorax occurring in HINT influenza patients have
been reported. Guo and colleagues presented a 56-year-
old male who was admitted for HIN1 pneumonia, rapidly
decompensated with ARDS, developed a pneumothorax
shortly after intubation, and eventually died (8). Another
report from Turkey described a 31-year-old pregnant female
admitted for HINT1 influenza, and who was recovering from
ARDS. On admission day 37th, 2 days following extubation,
she was found to have a right-sided pneumothorax, which
was treated. She then developed a recurrent pneumothorax
one week following discharge (9).

The interval of time to progression to severe disease,
need for intubation and development of ARDS in our
patients was shorter than previous reports for COVID-19
patients. Prior COVID-19 studies have reported that
symptoms typically progress over one week prior to
admission and dyspnea manifests at 5-8 days after symptom
onset (10-12). The 8-day mark is also the median reported
timeframe for the development of ARDS (11). Pan et al.
also showed that CT findings of COVID-19 appeared
to be most severe around this same timeframe (13).
The most peculiar feature of the cases presented in this
communication is that pneumothorax developed at the
time of presentation and within a short time following
symptom onset. This is a stark difference from other viral
pneumonias in which pneumothorax may occur weeks after
presentation and in the setting of progressive ARDS with
positive pressure ventilation.

While the chronology differs from the presented
COVID-19 patients, experience with SARS suggests that
the pathophysiologic changes of viral pneumonia may play
a role in the development of pneumothorax independent of
ventilator barotrauma. Earlier studies proposed that these
pneumothoraxes were resultant from the formation of sub-
pleural tubercles which adhered to the pleura, eventually
forming emphysematous bulla (14). Inflammation of small
airways increases alveolar pressures causing extravasation of
inspired air into the lung hilum and pneumomediastinum.
Subsequent rupture of mediastinal parietal pleural then results
in air leak into the pleural space and pneumothorax (15).
Alternatively, pulmonary necrosis may cause rupture of
the alveolus directly into the pleural space, which has been
more classically described in pneumocystis pneumonias (15).
Predominance of peripheral lung involvement on CT
scan of COVID-19 patients may explain increased,
earlier inflammation at the pleura, resulting in earlier
pneumothorax compared to other viral pneumonias.

On a cellular level, there are also immunological changes
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which may play a role in potentiation of pneumothorax.
Studies have suggested that bulla formation in patients with
primary spontaneous pneumothorax may be propagated
by inflammatory breakdown of elastic fibers. An immune
response, mediated by respiratory epithelium, eosinophils,
and innate lymphoid cells (ILCs), has been proposed as
an aspect of pathophysiology in primary spontaneous
pneumothorax (16). Of these cells the ILC-1 subtype
has been show to increase in number in response to
intracellular pathogens including viruses (17). Further
work is needed to clarify is similar processes are at play
during viral pneumonias. A key immunological finding
in SARS and MERS patients, was viral interference with
innate, interferon (INF) mediated, immune response. It has
been suspected that SARS-CoV-2 likely induces a similar
modification of the innate immune system, but will require
additional clarification (18). This observation may also
explain why COVID-19 may present with minimal if any
symptoms children, when innate immunity is most robust.

Outcomes data has placed focus on identifying
COVID-19 patients who are at higher risk for morbidity
and mortality. Advanced age, male sex, hypertension, cardiac
disease, diabetes, chronic pulmonary disease, chronic kidney
disease, malignancy, and immunocompromised state have
all been identified as risk factors (11). Several laboratory
findings have also been implicated as markers of severe
disease including lymphopenia as well as elevated CRP,
Ferritin, D-Dimer, and LDH (12). Interestingly, both male
patents died in this series and both were noted to have
elevated CRP on presentation (Table 2). Other than the
fact that patient 2 was an active smoker, the patients were
otherwise young without pre-existing comorbidities.

A systematic review of 37 COVID-19 studies establishing
a proposed CT scoring system (COVID-RADS), classified
pneumothorax as an atypical (grade 1) CT finding of
COVID-19 with a low-level suspicion (19,20). The
COVID-19 patients in the current case series had unusual
presenting radiographic findings. This unusual presentation
however was associated with devastating outcomes.
The most concerning feature of these scenarios is that
pneumothorax developed within a short time following
symptom onset. This is a stark difference from other viral
pneumonias in which pneumothorax may occur weeks after
presentation and in the settings of progressive ARDS and
positive pressure ventilation. All of the presented patients
came to the emergency room with typical respiratory
viral complaints, and pneumothorax was unlikely in a
typical, initial differential diagnosis. Due to institutional
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Table 2 Initial laboratory findings of the patients

Ayazi et al. Pneumothorax and COVID-19

Parameter Patient 1 Patient 2 Patient 3
White-cell count (per pL) 4.6 26.0 12.5
Neutrophil (%) 79 87 79
Lymphocyte (%) 17.6 6 16.4
Hemoglobin (g/dL) 8.4 13.2 11.3
Platelet count (per pL) 349 241 197
Sodium (mmol/L) 140 137 139
Potassium (mmol/L) 3.7 3.6 4.4
Blood urea nitrogen (mg/dL) 31.6 51 27
Creatinine (mg/dL) 0.7 1.0 0.9
C-reactive protein (mg/L) 51 61 7.7
pH 7.55 7.53 7.39
protocols, these patients did not undergo initial chest X-ray Acknowledgments

prior to identification of the pneumothorax on CT scan,
delaying recognition and treatment to some degree. The
COVID-19 pandemic continues to evolve in the US. As
our clinical understanding of COVID-19 expands, practices
and protocols will be appropriately modified. It is crucial
that healthcare providers maintain a sense of vigilance for
atypical presentations.

It should be emphasized that a causal relationship between
COVID-19 and pneumothorax cannot be concluded from
this series and theses uncommon presentations may be
confounded by unknown patient and regional variables. The
presence of prior bullous disease, underlying connective tissue
disease, hormonal irregularities, environmental exposure, and
vigorousness of coughing are unknown considerations. An
additional thought is that the clinical course may not reflect
the actual exposure-onset timeline. Reports from China
have suggested that the clinical and radiographic disease
severity rapidly worsens around one week after initial onset
of symptoms in severe COVID-19 cases (11-13), with ARDS
and radiographic severity progressing over one week These
patients may have experienced a relatively asymptomatic early
disease course and presented during a later disease process.
Even considering these factors, three COVID-19 patients
having pneumothorax on presentation remains a striking
entity.
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