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I ABSTRACT

Pulmonary hypertension (PH) is a pulmonary vascular
disease characterized by pulmonary arterial remodeling
and vasoconstriction leading to elevated pulmonary artery
pressure and, ultimately, right heart failure. So far, few
cases of COVID-19 disease in patients with PH have been
reported. Caution is warranted in interpreting this observa-
tion as data are evolving and several factors may influence
the number of reported cases of PH and COVID-19. Social
distancing and quarantine could play a role, especially for
patients with chronic diseases who might be more vigilant
of their potential for respiratory infection. In addition, PH

is a rare disease, and because testing is not universal,

we could be underestimating the number of cases.

Other hypothetical factors to consider are the underlying
pathophysiology of PH and the medications used to treat
PH and their implications in COVID-19.

atients with underlying chronic health condi-
tions, mainly hypertension and cardiovascu-
lar disease, are at increased risk of developing
more severe COVID-19 disease. Pulmonary
hypertension (PH) is a pulmonary vascular disease
characterized by pulmonary arterial remodeling and
vasoconstriction leading to elevated pulmonary
artery pressure and, ultimately, right heart failure.

So far, there have been only a few reported cases of
COVID-19 disease in patients with PH. One should
be cautious when interpreting this observation. As
the pandemic is still unveiling, data sharing and pub-
lication might be skewed and inaccurate. And there
could be other important factors playing a role in the
number of reported cases of PH and COVID-19.

The implementation of social distancing and quar-
antine could play a role, especially for patients with
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chronic diseases who might be more vigilant of their
potential for respiratory infection. In addition, PH is
a rare disease, and because testing is not universal, we
could be underestimating the number of cases. Other
hypothetical factors to consider are the underlying
pathophysiology of PH and the medications used to
treat PH and their implications in COVID-19.

Il PATHOPHYSIOLOGY

Coronaviruses are a large family of viruses that range
from the common cold to the severe acute respira-
tory syndrome (SARS-CoV). During the SARS-
CoV epidemic in 2003, and a lot of work was put
into investigating effective therapies. Of the differ-
ent pathways investigated, the arginine-nitric oxide
(NO) and renin-angiotensin pathways are of interest
in both PH and coronavirus diseases. The angioten-
sin-converting enzyme 2 (ACE2), a member of the
vasoprotective axis of the renin-angiotensin system
(RAS), was recognized as a functional receptor for
coronavirus on epithelial cells, identifying a role for
ACE?2 in coronavirus cell entry.! In addition, ACE2
catalyzes the conversion of angiotensin Il to angio-
tensin (1-7), and there is an abundance of evidence
supporting a protective role for ACE2 in a variety of
lung diseases, even proposing ACE2 supplements to
reverse lung pathology.’

Another member of RAS is angiotensin II, which
has adverse effects in the lungs that contribute to
injury and inflammation. A consideration in COVID-
19 is decreased downregulation of angiotensin II and
low angiotensin levels leading to increased pulmonary
vasoconstriction and dysregulation of hypoxic vaso-
constrictive mechanisms. It is well recognized that the
activation of RAS is involved in the development of
PH, with reduced ACE2 levels in patients with PH.
Recombinant ACE2, pulmonary overexpression of
ACE2, and the use of small-molecule ACE2 activa-
tors were shown to attenuate PH through increased
production of angiotensin (1-7) and endothelial NO
synthase-derived NO bioavailability.® It is unclear
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whether reduced ACE2 in PH would be protective
or could promote lung injury in COVID-19 disease.
Nitric oxide plays an important role in the patho-
genesis of PH, and therapies targeting the NO path-
way have been used successfully in treating PH. Dur-
ing the 2003 SARS epidemic, inhaled NO was shown
to have antiviral activity against the coronavirus.
Inhaled NO reversed PH, improved severe hypoxia,
and shortened the length of ventilator support com-
pared to matched control patients with SARS-CoV.*
In-vitro studies showed that NO donors increased the
survival rate of SARS-CoV-infected eukaryotic cells,
suggesting direct antiviral effects of NO.>¢ Since
SARS-CoV shares most of the genome of the new
coronavirus SARS-CoV-2, there could be a poten-
tial benefit for inhaled NO therapy in COVID-19
patients. As such, lower NO levels in PH patients
could put them at a disadvantage. At the same time,
it is unclear what effects therapies that enhance the
NO pathway could have in patients with COVID-19.
Endothelin-1 is upregulated in PH, and therapies
targeting the endothelin pathway, mainly endo-
thelin-receptor antagonists, are used extensively to
treat PH. Studies have shown cross-talk between the
endothelin system and RAS. In fact, endothelin-1
can downregulate ACE-2 expression in lung epithe-
lial cells, and endothelin-receptor antagonists inhibit
the angiotensin II induced vasoconstriction.”® Others
showed that angiotensin (1-7) attenuates the actions
of endothelin-1 on endothelial cells, mainly inflam-
mation and growth.” The data so far are hypothesis
generating; however, as we learn more about the new
coronavirus with ongoing and future studies, our
understanding of the link between COVID-19 and
PH pathophysiology and medical therapy will expand.

Il CLINICAL ASPECT

Our knowledge of this new coronavirus is expand-
ing, although most studies and published data are
descriptive and exploratory. We know that COVID-
19 causes more severe disease in patients with comor-
bidities, especially cardiovascular diseases. Thus,
patients with PH should follow the CDC guidelines
for people at high risk by staying at home as much as
possible, avoiding crowds, and maintaining at least a
6-foot distance from others. They should wash their
hands frequently and avoid touching their faces. The
CDC also recommends covering the mouth and nose
with a cloth when around others and when out in a
public place. Patients should continue their current
PH medications and maintain enough medications
for several weeks.
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If a patient with PH develops COVID-19, the PH
medications should not be interrupted or changed
unless advised by the primary PH provider. For severe
respiratory infections that require intensive care unit
(ICU) admission, patients should be treated whenever
possible at tertiary centers capable of providing medi-
cal therapy, extracorporeal life support, and advanced
treatment, including lung transplantation. Patients
with PH can deteriorate rapidly with right ventricu-
lar (RV) decompensation and failure in the setting of
hypoxemia and inflammatory cytokine release. ICU
treatment of PH patients with COVID-19 includes
treatment of the underlying viral respiratory infec-
tion, supportive measures including ventilator sup-
port (if required), meticulous fluid management to
optimize RV preload, reduction of RV afterload with
pulmonary vasodilators, and an individualized use of
inotropes and vasopressors. '°

In addition to receiving medical therapy for
COVID-19 and for the associated cytokine storm,
attention should be given to treating hypoxia. Sup-
plemental oxygen is provided to maintain oxygen
saturation above 90%. Intubation should be avoided,
if possible, as positive pressure ventilation increases
intrathoracic pressure impeding RV preload and seda-
tives affect cardiac function and cause vasodilation
leading to systemic hypotension and hemodynamic
collapse. If the patient requires intubation, vasoactive
drugs should be started before anesthesia. Etomidate is
the preferred drug for induction of general anesthesia
as it has little effect on cardiac contractility and vas-
cular tone.'"'? Hypotension needs to be aggressively
treated with systemic vasopressors to avoid decreased
RV coronary perfusion and loss of the contribution of
the interventricular septum to RV ejection. Sedation
is maintained using opioids with benzodiazepines or
propofol. Ventilator settings should aim to keep air-
way pressures to a minimum with low tidal volumes
and moderate positive end-expiratory pressure while
ensuring adequate oxygenation and ventilation.

Meticulous fluid management, reducing venous
filling pressures, and normalizing cardiac output are
essential in managing these patients. Fluid manage-
ment is challenging as both hypovolemia and hyper-
volemia can have detrimental effects on blood pres-
sure, organ perfusion, and cardiac function. In most
cases, there is fluid overload, and this negative fluid
balance should be targeted through diuresis or even
ultrafiltration. However, if hypovolemia is suspected,
judicious fluid administration should be attempted as
hypovolemia may worsen cardiac output.

Another important consideration is reducing RV
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afterload through the use of pulmonary vasodilators.
Point-of-care cardiac ultrasound and invasive hemo-
dynamic monitoring (Swan-Ganz catheterization)
may be useful. Inhaled NO or prostacyclin can be
added to patients already on pulmonary vasodila-
tors. Inhaled pulmonary vasodilators also are used as
rescue therapy in refractory acute respiratory distress
syndrome. They dilate pulmonary arterioles in ven-
tilated lung units improving oxygenation through
better ventilation-perfusion matching and reducing
pulmonary vascular resistance. Inhaled NO should be
preferentially considered in COVID-19 in view of its
additional antiviral effects. To further improve car-
diac output, inotropes including dobutamine or other
alternatives such as phosphodiesterase-3 inhibitors
or calcium sensitizing agents should be considered. If
needed, add vasopressors to ensure an adequate perfu-
sion pressure.!
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