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ABSTRACT
Background: Until now, only a few cases of Valsalva-induced barotraumas (pneumothorax, pneumomediastinum and
subcutaneous emphysema) have been described, and none of them among COVID-19 patients.
Case description: A man in his 50s was admitted for SARS-CoV-2-related acute respiratory distress syndrome (ARDS). Initial
evolution was favourable with non-invasive ventilatory support, high-flow oxygen nasal cannula and the best supportive
drugs available at the time. During the Valsalva manoeuvre while defecating, the patient reported sudden chest pain and
showed a new acute hypoxemic respiratory failure due to a pneumothorax. It led to multiple complications (pulmonary
embolism, haemoptysis, and cardiac arrest), and despite the best supportive care, led to the patient’s death.
Discussion: The Valsalvamanoeuvre can be an overlooked cause of pneumothoraxin patients with COVID-19. Predisposition
to barotrauma in COVID-19 patients could be explained by several factors, including the extensive use of non-invasive
and invasive ventilation during the pandemic, and the histological changes observed in the lungs of those infected with
COVID-19.
Conclusion: We report the first description of a Valsalva-induced barotrauma in a COVID-19 infection. We emphasise the
importance of treating constipation particularly in severe COVID-19 cases, to prevent complications such as barotrauma.
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LEARNING POINTS
Pneumothorax is a common complication of severe COVID-19 infection, but Valsalva manoeuvre-induced pneumothorax
in COVID-19 patients has never been reported previously.
Particular care should be taken to prevent and treat constipation in hospitalised patients as it may cause a wide range of
complications, including barotraumatism.
The extensive use of non-invasive and invasive ventilation may play a role in barotrauma, but causal association has not
been proven.
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INTRODUCTION

Several publications have reported various types of
barotraumaduringthe COVID-19 pandemic: pneumothorax,
pneumomediastinum and subcutaneous emphysema, mostly
in patients receiving invasive and non-invasive ventilation.
We describe the case of a patient hospitalised with SARS-
CoV-2 pneumonia, complicated by an acute respiratory
distress syndrome (ARDS). The patient developed a
pneumothorax, caused by a Valsalva manoeuvre during
strained defecation, leading to multiple complications and
eventually death.

CASE DESCRIPTION

A non-smoking male in his 50s was admitted for COVID-19-
related ARDS, attributed to the Delta variant, and managed
with non-invasive ventilation, intermittent high-flow oxygen
therapy and pharmacological interventions including
dexamethasone, tocilizumab and casirivimab/imdevimab.
Initial CT imaging revealed 25%-50% lung parenchyma
involvement without pulmonary embolism. Oxygen
requirements diminished progressively, transitioning to
nasal cannula on day 8 amid reports of constipation. On
day 14, straining defecation precipitated acute respiratory
failure and chest pain, with imaging disclosing a 4 cm left
pneumothorax and pneumomediastinum (Fig. 1).
Subsequent ICU transfer and chest tube insertion initially
ameliorated respiratory failure (Fig. 1, left panel). However,
complications such as pulmonary embolism, haemoptysis
and worsening hypoxemic respiratory failure ensued,
necessitating the use of invasive mechanical ventilation (Fig.
2).Cardiacarrestonday 22 (Fig. 3) culminated in unsuccessful
resuscitation and the patient’s death.

DISCUSSION
We describe, to the best of our knowledge, the first case
of pneumothorax induced by a Valsalva manoeuvre in a

COVID-19 infection. Our patient suffered from acute chest
pain and respiratory distress during sustained defecating
exertion which strongly suggests that the pneumothorax
was induced by the Valsalva manoeuvre.

In the literature, the Valsalva manoeuvre has been
associated with the hyperacute onset of barotraumas, mostly
pneumomediastinum and less often with pneumothorax.
Valsalva-induced barotrauma could be the result of the large
pressure gradient being generated against a closed glottis.
The rise of intra-alveolar pressure provokes a rupture of the
alveolar wall, leading the air to propagate to the mediastinum
through the perivascular and bronchovascular sheaths. This
phenomenon was first described in 1944 and is known as the
Macklin effect!".

Many cases have been reported: in the settings of labour,
during drug inhalation, while playing a musical instrument,
blowing balloons or endoscopic investigation (without
iatrogenic perforation)'?°.. Some of the cases were associated
with known risk factors of spontaneous barotraumas such
as tobacco use, inhaled drugs, or underlying lung disease
(asthma, COPD, interstitial lung disease). Most of these
cases were treated conservatively and none were fatal.
Among COVID-19 patients, a recent matched case-control
study comparing 24 pneumothorax to 48 control patients
admitted to a critical care unit investigated risk factors
associated with pneumothorax development. Interestingly,
as previously described in spontaneous pneumothorax,
a higher BMI seems to be a protective factor in COVID-
19-associated pneumothorax. A prolonged time from
symptoms onset to intubation has also been associated with
an increased risk of pneumothorax!®l.

A recent case report described the occurrence of
pneumothorax following a severe COVID-19 infection in a
previously healthy patient, who was transiently mechanically
ventilated. Subpleural bullae could be observed at the time of
the pneumothorax, although it was not present at admission.

Figure 1. Left panel: Four centimetres left-sided pneumothorax (white arrows) with associated left-sided lung atelectasis (asterisk) and

pneumomediastinum (blue arrowheads) that appeared on day 14. Discrete right-sided mediastinal shift. Right panel: CT scan on day 15 showing a

large left basal pneumatocele with an undrained fluid component (blue star). A chest tube was in the antero-medial position (blue arrow). There is

densification of pulmonary infiltrate as previously described (red arrows).
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Of note, the patient was coughing when the pneumothorax
occurred, pointing to a possible role of raised intra-alveolar
pressure similar to a Valsalva effect!”.. Lung lesions secondary
to the infection and the mechanical ventilation are other
possible contributing factors.

Thus, the Valsalva manoeuvre, due to any reasons (cough or
constipation for example in our case) can be an overlooked
cause of pneumothorax in patients with COVID-19.
Constipation is prevalent in hospitalised patients, especially
in the intensive care unit, and COVID-19 patients are
particularly prone to constipation due to prolonged bed rest,
opioid use, or dehydration.

Since the beginning of the pandemic, some data have
suggested a higher prevalence of barotrauma among
COVID-19 infected patients than in ARDS of other
aetiologies. Nevertheless, the existence of a specific
COVID-19 ARDS sub-phenotype is still controversial®®, and
studies comparing the barotrauma incidence in COVID-19
ARDS and non-COVID-19 ARDS are still lacking.

One factor that could explain the predisposition to develop
barotrauma is the extensive use of non-invasive and invasive
ventilation during the pandemic in severe respiratory forms
of COVID-19. Barotraumas are frequent in mechanically
ventilated patients suffering from ARDS. Some authors have
postulated that patient self-induced lung injury, a concept
describing lung injuries due to patient’s respiratory effort
and harmful patient-ventilator interaction, could favour
barotrauma in spontaneously breathing patients with non-
invasive ventilation!”.
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Another postulated explanation is the alveolar damage
secondary to infection and inflammation. These changes in
pulmonary parenchyma could weaken the alveoli membrane
and thus lead to alveolar rupture, provoking air leaks and
barotrauma formation as explained by the Macklin effect!'°.
Similar pathological evolutions have been previously
observed in a variety of viral pneumonia, including Middle
East respiratory syndrome (MERS) coronavirus and SARS-
CoV-1.

Corticosteroids have been recommended as first-line
therapy in hypoxemic COVID-19 infected patients since
the RECOVERY study was published, and they have been
extensively prescribed since then. High-dose corticoid
therapy (the so-called Meduri protocol) has been used
for years in ARDS of any aetiologies without evidence
of increasing incidence of barotrauma. Further studies
evaluating the possible causal role of drugs in barotrauma
and COVID-19 are lacking.

CONCLUSION

Our case describes a barotrauma induced by a Valsalva
manoeuvre in a COVID-19 patient, an association not
previously described in the literature. It stands out due to the
absence of known risk factors for spontaneous barotrauma,
the lack of previous invasive ventilation and the catastrophic
consequences for a patient whose clinical course was initially
favourable.

Emphasising constipation prevention and treatment is
crucial to mitigate this complication in severe COVID-19
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Figure 2. Evolution of the oxygen need
according to time since hospitalisation (X
axis) and oxygen requirement (Y axis). The
maximal invasiveness of the oxygen delivery

corresponds to mechanical ventilation.
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Figure 3. Timeline of the patient’s evolution

since admission in relation to the type of

oxygen delivered and setting of care. The

pneumothorax happened on day 14, while the
patient was oxygenated via a nasal cannula.

Abbreviation: NIV, non-invasive ventilation;
HFNC, high-flow nasal canula; ICU, intensive
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care unit.
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cases, where barotrauma is common and could significantly
exacerbate hypoxemia, prolong hospital stays and increase
mortality. Although numerous risk factors may contribute
to these complications, definitive data that evaluate the
causal relationships between COVID-19, barotrauma and
ventilation methods are still limited. This gap highlights
the need for further research into the exact causes and
prevention strategies.
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