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embolism, and myocarditis could be obtained
with dedicated protocol acquisition in a new concept
of “quadruple rule out.” However, the potential
renal injury related to the higher amount of contrast
agent required should be carefully evaluated on a
case-by-case basis. To the best of our knowledge, this
is the first report showing the use of CCT as part of a
comprehensive cardiopulmonary assessment during
the COVID-19 pandemic, thus, potentially minimizing
exposure to healthcare providers and personal pro-
tective equipment utilization.
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Heart–COVID-19 Lung Interactions
More Common Cause for Right Ventricular Dysfunction

Than We Thought
We read with great interest the paper by Argulian
et al. (1), describing the prevalence of right ventricu-
lar (RV) dilation among 105 patients with coronavirus
disease-2019 (COVID-19). Thirty-one patients were
mechanically ventilated, and 32 patients (31%) pre-
sented with RV enlargement. The authors (1), how-
ever, do not refer on the proportion of mechanically
ventilated patients with RV dilation. Mechanical
ventilation, vasoactive medication use, and RV
enlargement were significantly associated with
increased mortality; however, all 3 are interrelated.

Heart–lung interactions may be pronounced in
COVID-19 pathophysiology under mechanical venti-
lation. When lung compliance is relatively normal, as
has been reported in COVID-19 lung (2), a substantial
amount of the alveolar pressure is transmitted to the
pleural pressure. Increased positive end-expiratory
pressure (PEEP) levels may induce dead space venti-
lation and compression of the pulmonary vasculature,
leading to increased pulmonary vascular resistance
(PVR) and right heart dilation and dysfunction (3).
Increased PVRs may be exacerbated in the setting of
nonmassive pulmonary embolism (COVID-19 has been
related to lung thrombotic events). This could be the
case in the 5 patients with confirmed pulmonary em-
bolism (computed tomography angiography) in the
study by Argulian et al. (1). Moreover, relatively high
PEEP, according to current guidelines (4), in a non-
recruitable lung with almost normal compliance (as
in COVID-19) may significantly increase pleural pres-
sure and have a detrimental impact on hemodynamics
by deteriorating venous return (5). The effects are
exaggerated when the patients are relatively hypo-
volemic in the initial phase after intubation (fever in
the preceding days); restricted fluid resuscitation is
also indicated in acute respiratory distress syndrome
to keep the lung “dry” in an effort to improve
oxygenation and avoid intubation (4).

Increased PVRs and a reduction in venous return
decrease the cardiac output. The first reaction to
correct hypotension, in an intensive care unit setting,
is vasopressor initiation. At the tissue level, hypo-
volemia and vasoconstriction induce hypoperfusion
and end-organ damage, which can lead to multiorgan
dysfunction syndrome and an unfavorable outcome.
Our rationale is that RV dilatation and dysfunction,
vasopressors, and mechanical ventilation are inter-
changeably related in patients with COVID-19. Argu-
lian et al. (1) nicely report that all 3 factors are
associated with increased mortality. It would be
informative if the authors could provide data on: 1)
RV dimensions before and after initiation of me-
chanical ventilation; 2) PEEP levels in patients with
and without RV enlargement; and 3) possible associ-
ations between RV dimensions and PEEP levels. Of
note, in Figure 1, both patients are mechanically
ventilated.
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Mechanical ventilation may be a major factor
explaining ventricular dilation. Echocardiography
can significantly influence decision-making in
“adjusting the ventilator settings” in COVID-19.
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THE AUTHORS REPLY:
We thank Drs. Tsolaki and Zakynthinos for their in-
terest in our study (1) and their insights into possible
underlying mechanisms of right ventricular (RV)
dilation in patients with coronavirus disease-2019
(COVID-19) infection. The authors summarize the
underlying pathophysiology of the interplay of me-
chanical ventilation, pulmonary vascular resistance,
and consecutive changes in hemodynamics as one of
the many possible mechanisms of RV dilation in these
patients. They also postulate that mechanical venti-
lation by itself, especially with high levels of positive
end-expiratory pressure (PEEP), may be a major
contributor to the observed findings. In our study, 31
patients (30% of the study population) were me-
chanically ventilated at the time of echocardiogra-
phy. Among these patients, 14 patients had RV
dilation (44% of all patients with RV dilation).
Interestingly, the median PEEP was 10 cm H2O
(interquartile range: 8 to 14 cm H2O) among patients
with RV dilation compared with 12 cm H2O (inter-
quartile range: 6 to 14 cm H2O) among patients
without RV dilation, with no significant difference
(p ¼ 0.98) and no meaningful correlation between
PEEP and RV dimensions. Of note, 24% of the
remaining nonventilated patients had RV dilation.
We acknowledge that these findings are derived from
a small sample size and are observational in nature
with inherent limitations.

Although mechanical ventilation and ventilation
settings are possibly contributory, RV dilation is
likely a multifactorial phenomenon. Other echocar-
diographic studies reported high rates of RV dilation
and dysfunction in patients with COVID-19 infection.
One study reported RV dilation in 41% of 74 patients,
of whom 78% were mechanically ventilated at the
time of echocardiography (2). Another study
described RV dilation and dysfunction in 39% of 100
patients, of whom only 10% were mechanically
ventilated at the time of echocardiography (3).
Importantly, on follow-up echocardiogram, RV
enlargement and dysfunction were common in dete-
riorating patients in that study.

The underlying mechanisms of RV dilation in pa-
tients with COVID-19 infection extend beyond me-
chanical ventilation and possibly include pulmonary
thromboembolism, microthrombi in pulmonary
vasculature, persistent hypoxic pulmonary vasocon-
striction, and direct viral damage. Dedicated studies
to understand these underlying mechanisms will
provide more insights into the complex pathophysi-
ology of this disease.
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