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Unusual clinical course

Invasive mechanical ventilation can cause pulmonary barotrauma due to elevated transpulmonary pressure
and alveolar rupture. A significant proportion of COVID-19 patients with acute respiratory distress syndrome
(ARDS) will require mechanical ventilation. We present 2 interesting cases that demonstrate the possibility of
COVID-19-associated ARDS manifesting with pulmonary barotrauma at acceptable ventilatory pressures.

The first patient was a 71-year-old man who was intubated and placed on mechanical ventilation due to hy-
poxemic respiratory failure from SARS-CoV-2 infection. His partial pressure of 02 to fraction of inspired oxy-
gen ratio (Pa02/Fi02) was 156. He developed subcutaneous emphysema (SE) and pneumomediastinum on
day 5 of mechanical ventilation at ventilatory settings of positive end-expiratory pressure (PEEP) <15 cmH,0,
plateau pressure (Pplat) <25 cmH,0 and pulmonary inspiratory pressure (PIP) <30 cmH,0. He was managed
with ‘blow-hole’ incisions, with subsequent clinical resolution of subcutaneous emphysema. The second pa-
tient was a 58-year-old woman who was also mechanically ventilated due to hypoxemic respiratory failure
from COVID-19, with PaO2/FiO2 of 81. She developed extensive SE with pneumomediastinum and pneumo-
thorax while on mechanical ventilation settings PEEP 13 cmH,0 and PIP 28 cmH,0, Pplat 18 cmH,0, and Fi02
90%. SE was managed with blow-hole incisions and pneumothorax with chest tube.

Clinicians should be aware of pulmonary barotrauma as a possible complication of COVID-19 pulmonary dis-
ease, even at low ventilatory pressures.

Barotrauma ¢ COVID-19 ¢ Emphysema e Respiratory Distress Syndrome, Adult
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Background

Invasive mechanical ventilation can cause lung injury from
pulmonary barotrauma and regional lung overdistension [1].
Pulmonary barotrauma leads to air leaks into the extra-alve-
olar tissue, causing subcutaneous emphysema, pneumotho-
rax, pneumomediastinum, pneumopericardium and pneumo-
peritoneum [2,3].

Pulmonary barotrauma from mechanical ventilation usually oc-
curs in the setting of high ventilatory pressures: peak inspiratory
pressures (PIP), plateau pressure (Pplat), and positive end-ex-
piratory pressure (PEEP). High PEEP is essential to maintaining
lung recruitment while preventing atelectrauma [4]. Studies
have shown that patients with underlying chronic lung diseas-
es requiring invasive mechanical ventilation, such as intersti-
tial lung disease, emphysema, and asthma, are more likely to
develop barotrauma [5,6]. Notably, acute respiratory distress
syndrome (ARDS) as both a primary indication for mechanical
ventilation and complication during ventilation has also been
identified as an independent risk factor for barotrauma [5-7].
Even in the absence of mechanical ventilation, patients with
ARDS are at risk of patient self-inflicted lung injury (P-SILI)
from an increased ratio of dead space to tidal volume during
spontaneous breathing [8].

Currently, there are more than 1 million cases and 80 000 deaths
attributed to the COVID-19 infection pandemic worldwide [9].
The virus that causes COVID-19 is designated SARS-CoV-2 and
the spectrum of symptomatic SARS-CoV-2 infection ranges
from mild to critical, with about 85% of patients reporting
mild pneumonia and 15% with severe-to-critical illness requir-
ing hospitalization [10]. A wide estimated range of 15-70% of
patients with severe-to-critical disease will require mechani-
cal ventilation at some point during therapy due to severe hy-
poxemia and ARDS [11,12].

Due to the novel nature of SARS-CoV-2, the clinical course, fac-
tors influencing progression to ARDS, predictors of outcomes,
and complications both from the disease and therapy are not
fully understood. Clinicians continue to rely on ongoing scien-
tific research, anecdotal evidence, and case reports from the
frontlines to guide patient care and management.

Case Reports

Patient 1

A 71-year-old man with a medical history of diabetes mellitus,
hypertension, and hyperlipidemia was sent to the emergency
room of an academic tertiary hospital in New York City by his
primary care doctor due to concerns of COVID-19 infection. His
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symptoms were fever, cough, mild respiratory distress, weak-
ness, and myalgia for about 8 days. His travel history was in-
significant; however, his teenage son had recently returned
from Puerto Rico and had been complaining of flu-like symp-
toms. His vital signs at presentation were temperature 38.5°C,
pulse rate 109 bpm: blood pressure (BP) 131/73 mmHg, and
oxygen saturation 92-95% on room air. He had a hemoglobin
of 11.3 g/dl and white blood cell (WBC) count 10.9 cells/mm?3.
His liver function tests were within normal limits. Influenza
polymerase chain reaction (PCR) testing was negative. A chest
X-ray (CXR) on admission showed bilateral patchy opacities
concerning for pneumonia (Figure 1A).

Within 18 h after hospital admission, his respiratory status rap-
idly declined while on empiric antibiotics for atypical pneumo-
nia and he had to be intubated and mechanically ventilated
due to severe hypoxemia refractory to oxygenation by high-
flow nasal cannula, prompting urgent admission to the med-
ical intensive care unit (MICU). His nasopharyngeal swab re-
verse transcriptase PCR (RT-PCR) (Lenco Laboratories, Brooklyn
NY) was positive for COVID-19 on day 2 of hospital admission.
His CXR at this time showed worsened bilateral opacities, con-
sistent with possible ARDS (Figure 1B) and Pa02/FiO2 of 156
on arterial blood gas analysis.

On day 5 of mechanical ventilation, he developed subcutane-
ous emphysema, pneumomediastinum, and pneumothorax
(Figure 1C). There was no change in hemodynamic status, oxy-
gen saturation, or peak inspiratory pressures. The patient had
not undergone any thoracic procedures. No proning or recruit-
ment maneuvers had been attempted. Lung sliding was diffi-
cult to appreciate on bedside point of care thoracic ultrasound
due to the severity of the emphysema. His ventilator settings
at the time were pressure control (PC) mode with Fi02 50%,
PEEP 13 cmH,0, respiratory rate (RR) 20 cpm, expired tidal vol-
ume (VTe) 527 mls (approximately 8 mls/kg), peak inspirato-
ry pressure (PIP) 29 cmH,0, and Pplat 20 cmH,0. His pressure
settings prior to the event are noted in Figure 2.

‘Blow-hole’ incisions were made on the skin of the anterior
chest wall to decompress the severe SE, with immediate sig-
nificant improvement (Figure 1D). The patient was extubated
successfully after 2 weeks of mechanical ventilation; howev-
er, he was reintubated emergently for acute respiratory fail-
ure and died 2 days later.

Patient 2

A 58-year-old woman with a medical history of type Il diabe-
tes mellitus and hypertension was brought to the emergen-
cy room by the emergency medical services due to respirato-
ry distress. She had complaints of one week of fever at home
up to 101°F (38.3°C) and 3 days of dry cough and shortness
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Figure 1. Patient 1 chest X-rays. (A) Day 1 of hospital admission — Mild bilateral lung opacities suggestive of infectious process.
(B) Day 2 of hospital admission — Worsened bilateral lung opacities. (C) Day 5 of hospital admission — Subcutaneous
emphysema and pneumomediastinum (yellow arrows). (D) Day 8 of hospital admission — Significantly improved lung
opacities, subcutaneous emphysema and pneumomediastinum (yellow arrows).
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Figure 2. Patient 1 maximum ventilatory pressures from Day 1
to Day 6 on mechanical ventilation. Patient developed
subcutaneous emphysema and pneumomediastinum
on Day 5. PEEP — positive end-expiratory pressure; PIP
— peak inspiratory pressure; Pplat — plateau pressure.
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of breath. She had no recent travels or sick contacts. Vital
signs on presentation were: Temperature of 102°F (38.9°C),
PR: 131 bpm RR: 38 cpm, oxygen saturation of 80% on room
air, weight of 55 kg and height of 150 cm. Complete blood
count, basic chemistry and liver function tests were all within
normal limits. Her CRP was elevated to 22.1 mg/L. Initial CXR
(Figure 3A) demonstrated bilateral patchy opacities consistent
with severe pneumonia.

She was urgently intubated and admitted to the MICU.
Nasopharyngeal samples for influenza PCR test were negative
while SARS-CoV-2 RNA RT-PCR by Lenco laboratories, Brooklyn
NY, resulted positive. Initial ventilator settings were: Pressure-
Regulated Volume Control (PRVC) mode with Fi02: 100% PEEP:
5 ¢cmH,0, RR: 25 cpm and TV: 500 mls. Her PaO2/Fi02 ra-
tio was 81 in the immediate post-intubation period. Proning
maneuver was commenced without any attempt at recruit-
ment maneuvers. On the second day of mechanical ventila-
tion, she developed extensive subcutaneous emphysema and
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Figure 3. Patient 2 chest X-rays. (A) Day 1 of hospital admission — Bilateral lung opacities suggestive of severe pneumonia. (B) Day
2 of hospital admission — Worsened bilateral opacities with SE and pneumomediastinum. (C) Day 6 of hospital admission —
Subcutaneous emphysema, pneumomediastinum and pneumothorax (arrows). (D) Day 9 of hospital admission — Significantly
improved lung opacities, subcutaneous emphysema, pneumomediastinum and pneumothorax (arrows).
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Figure 4. Patient 2 maximum ventilatory pressures from Day 1
to Day 7 on mechanical ventilation. Patient developed
subcutaneous emphysema and pneumomediastinum
on Day 2 and pneumothorax on day 6. PEEP — positive
end-expiratory pressure; PIP — peak inspiratory
pressure; Pplat — plateau pressure.
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pneumomediastinum (Figure 3B). Her ventilator settings at the
time were PEEP 13 cmH_,0 and PIP 28 cmH,0, Pplat 15 cmH,0,
and FiO2 90%, with expired tidal volume VTe: 463 mls (ap-
proximately 9 mls/kg) on PC mode.

SE was managed with ‘blow-hole’ incisions, with significant
clinical improvement. Repeat CXR done on the sixth day of ad-
mission revealed a moderate-sized left-sided pneumothorax
(Figure 3C). PIP at this time was 32 cmH,0. Ventilatory pres-
sure settings are shown in Figure 4. A chest tube was placed
and a subsequent CXR revealed gradual resolution of the pneu-
mothorax (Figure 3D). She was extubated 2 weeks after intu-
bation and transferred to the step-down unit to recuperate.

Discussion

We have presented 2 middle-aged patients who developed baro-
trauma at low ventilatory pressures while receiving mechanical
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ventilation for ARDS due to COVID pneumonia. COVID-19 is an
emerging and highly infectious virus responsible for the ongoing
pandemic that has overwhelmed health systems globally [13].
Due to the rapid surge in infected cases requiring hospitaliza-
tion, many health facilities were stretched beyond their capac-
ities due to the overwhelming need for critical ICU resources,
including personal protective equipment (PPE) for healthcare
workers, ICU beds, respiratory equipment, and trained person-
nel. New policies regarding airway management and respira-
tory care techniques are particularly crucial due to high risk
of infection to staff and other patients [14]. Despite the qual-
ity of care provided to these patients, morbidity and mortali-
ty rates remain very high [15,16].

In a case series of 21 patients with a median age of 72 years
infected with SARS-CoV-2 in Washington state, USA, 81% were
admitted to the ICU less than 24 h after admission and 72%
developed severe ARDS requiring invasive mechanical venti-
lation [12]. The recorded mortality rate was 67% at the time
of publication of the series. In another cohort of 200 patients
in China, with a median age of 51 years (interquartile range,
43-60 years), 42% developed ARDS, of which 52% died [10].

A more severe course of SARS-CoV-2 complicated by moder-
ate-to-severe ARDS has been observed in the older popula-
tion [10,12,17,18]. Our patients were 71 and 58 years old and
both fall within the vulnerable age group. Additionally, they
both have hypertension and diabetes mellitus, which are in-
dependent risk factors for developing ARDS in SARS-CoV-2 in-
fection [19]. The available literature suggests that the median
duration from onset of symptoms and hospital admission to
development of ARDS is 8 and 2 days, respectively, which is
consistent with what we observed in our patients [12,18,19].
Furthermore, these patients tend to have a prolonged me-
chanical ventilation course, as noted in the 2 cases presented.

Our first patient developed subcutaneous emphysema with
pneumomediastinum on the fifth day, while the second pa-
tient developed SE and pneumomediastinum on the second
day and pneumothorax on the sixth day of mechanical venti-
lation. All mechanically ventilated patients are at risk of baro-
trauma from positive-pressure ventilation (PEEP, Pplat, and
PIP) due to increased transpulmonary pressure, and the inci-
dence rate ranges from 3% to 10% [5,20,21].

While there are conflicting data on the association between
high levels of PEEP, PIP, and Pplat and barotraumas [22-24],
some studies maintain that barotrauma is most likely to
occur at PIP and Pplat >35 cmH,0 and static compliance
<30 ml/cmH,0 [25,26]. Both of our patients developed sub-
cutaneous emphysema and pneumomediastinum at PEEP <15
¢mH,0 and PIP <35 cmH,0, which are below the levels that
have been generally reported for the occurrence of pulmonary
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barotrauma. Interestingly, the second patient developed pneu-
mothorax on the sixth day of mechanical ventilation, despite
maintaining relatively lower PIP and PEEP and without undergo-
ing any predisposing procedures. A recent retrospective study
showed that the incidence of barotrauma in patients with ARDS
from COVID-19 was 15% compared to 0.5% in ARDS from oth-
er causes at normal ventilatory pressures [27]. It is likely that
infection with SARS-CoV-2 predisposed our patients to baro-
trauma, despite acceptable ventilatory pressures.

We opted for the pressure control mode of ventilation while
attempting to keep plateau pressure <30 cmH,0, as recom-
mended in ARDSNet guidelines. Pressure control mode has
been found to be a convenient mode of ventilation to help re-
duce the work of breathing and ventilator dyssynchrony, there-
by decreasing the need for neuromuscular blockade, which
puts patient at more risk of critical illness myopathy [28,29].
ARDS from COVID-19 is often complicated by increased micro-
thrombi within the alveolar circulation, leading to severe pul-
monary shunting and significantly decreased gas exchange,
which is compensated by high minute volumes [30]. Our pa-
tients’ lungs had good compliance, which allowed for better
ventilation homogeneity at acceptable ventilatory pressures.
Although our patients had tidal volumes of 8-9 mls/kg, it is
unlikely this led to barotrauma, because the ARDSNet study
revealed no significant difference in the incidence of barotrau-
ma between patients treated with the traditional 12 mls/kg
tidal volume compared to the lung-protective strategy group
treated with 6 mls/kg tidal volume [21,31].

Our patients had moderate-to-severe ARDS, which is an inde-
pendent predictor of barotraumas [5,21]. They did not have
any other known or documented risk factors, including un-
derlying chronic lung diseases such as COPD, asthma, ILD, or
significant tobacco smoking. Both patients did not suffer any
significant mucosa injuries during trachea suction. We believe
that SARS-CoV-2-associated ARDS predisposed our patients to
barotrauma, possibly through coronavirus-induced alveolar
damage. Zhang et al described spontaneous SE and pneumo-
mediastinum in a patient with H5N6 (avian) flu at a PEEP of
15 cmH,0 and PIP of 40 cmH,0 [32]. Also, Luis et al. [33] and
Padhy et al. [34] reported cases of spontaneous pneumome-
diastinum and subcutaneous emphysema not related to me-
chanical ventilation in patients infected with HIN1 (swine)
flu. Again, it is quite possible that there is a relationship be-
tween severe respiratory viral infections and development of
barotraumas, and this could be a subject of further research.

Patients with moderate-to-severe ARDS often require a high
PEEP to overcome refractory hypoxemia and to prevent atelec-
trauma from the shear forces caused by the repetitive opening
and closing of the alveoli [35]. In a study of mechanically ven-
tilated patients with SARS-Cov-2 admitted to an ICU in Italy,
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the median PEEP required was 14 cmH,0. Recent guidelines
published by the ‘Surviving Sepsis Campaign’ on the manage-
ment of critically ill adults with COVID-19 also recommend-
ed using a higher PEEP strategy and discouraged incremental
PEEP recruitment maneuvers [36]. The benefits of high PEEP
in moderate-to-severe ARDS appear to outweigh the risk of
barotrauma, and we suggest that patients should be treated
with appropriate PEEP to prevent de-recruitment of alveoli and
to improve outcomes.

Pulmonary barotrauma can complicate mechanical ventila-
tion in the management of patients with ARDS. As we contin-
ue to learn from the evolving clinical situation of COVID-19
and associated moderate-to-severe ARDS, clinicians should be
aware of pulmonary barotrauma as a possible complication,
even at low ventilatory pressures. Pulmonary barotrauma is
generally prevented by low tidal volume ventilation, appro-
priate PEEP application, and maintaining low Peak and Pplat
pressures according to standard guidelines. Close monitoring
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for barotrauma and prompt recognition has been shown to
improve outcomes.

Conclusions

It is quite plausible that infection with SARS-CoV-2 makes pa-
tients more susceptible to mechanical ventilation-induced baro-
trauma, even at low ventilatory pressures.
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