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Dear Editor,

The novel coronavirus SARS-CoV2 that causes coronavirus
disease 2019 (COVID-19), has approximately afflicted over
2 million people worldwide,1 including approximately a mil-
lion cases with over 50,000 deaths in the United States2 as of
27 April 2020. Pulmonary arterial hypertension (PAH), a
chronic, progressively fatal condition, requires complicated
medical management.3 Patients with PAH are very sensitive
to the changes in their cardiopulmonary status and any dis-
ruption in treatment or development of additional cardiac
or pulmonary pathology can trigger a rapid course of
decline leading to death. Furthermore, all-cause hospitaliza-
tion itself is a risk factor for disease progression in PAH.4

A recently published small case series suggested that 86% of
critically ill COVID-19-infected patients had heart failure
and chronic kidney disease as the most common underlying
medical conditions.5 These conditions are commonly seen in
patients with PAH and increase the risk for PAH patients to
develop severe disease. Many PAH patients are on compli-
cated regimens, including oral, inhaled or continuous intra-
venous therapies, some of which may be difficult to deliver
during an acute illness. In this brief communication, we will
highlight the in-patient management of COVID-19-infected
PAH patients.

Management of non-critically ill hospitalized PAH patients

The most common factor responsible for admission of
COVID-19-infected patients to a hospital is hypoxia and
respiratory distress. Respiratory distress should be carefully
evaluated in patients with PAH to ascertain its etiology.
PAH therapy6 or the disease itself does not increase the
risk of developing lower respiratory tract infections except
into case of patients with associated PAH treated with
immune suppressive therapy. A careful history and exami-
nation should be performed to assess the cause of under-
lying respiratory distress. New onset fever, cough or

myalgias might suggest COVID-19 infection; however,
PAH patients receiving intravenous continuous prostacyclin
infusions can present with high grade fever due to catheter
infection. We suggest, in the current pandemic, until the
etiology of infection is clearly diagnosed, consider all
patients as presumed COVID-19 infections (PUI); as such,
personal protective equipment should be used when evalu-
ating these patients. Worsening PAH itself can contribute to
respiratory distress and signs of right heart failure; elevated
jugular venous pulse, pulsatile liver or leg edema may sug-
gest this etiology. However, one should keep in mind that a
lower respiratory tract infection, such as COVID-19 infec-
tion, may lead to hypoxemia leading to hypoxic pulmonary
vasoconstriction, which increases pulmonary vascular resis-
tance (PVR) resulting in decompensation of a high-risk
PAH patient who was previously stable. We suggest per-
forming computed tomography (CT) of the chest and echo-
cardiography at the earliest per institutional policy keeping
the testing staff safe. A crazy paving or patchy ground glass
opacities on a CT are suggestive of COVID-19 infection
even in the absence of positive polymerase chain reaction
(PCR) testing for COVID-19 infection. In addition to sup-
plemental oxygenation, to keep saturation above 92%, we
recommend continuing oral and parenteral therapies, like
phosphodiesterase-5 inhibitors (PDE5i), soluble guanylate
cyclase stimulator (sGC), endothelin receptor antagonist
(ERA), oral prostacyclin, oral prostaglandin I2 receptor
agonist (PGI2) and intravenous or subcutaneous prostacy-
clins while treating with concurrent therapies for COVID-19
infection. Many institutions treat COVID-19 infection with
hydroxychloroquine, azithromycin, convalescent plasma,
anti-interleukin-6 like tocilizumab and sarilumab with
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antiviral agents like remdesivir or ribavirin. There are no
known concerning major interactions between the PAH
medications and these experimental therapies targeting
COVID 19 infection. In patients who are mildly hypoxemic,
providers could consider a pulsed inhaled nitric oxide deliv-
ery system (currently approved by FDA for expanded access
use as a part of clinical trial for COVID -19 infected
patients, NCT04305457). Inhaled nitric oxide (iNO) could
have beneficial effects on COVID-19 infection7 by inhibiting
cell entry and viral replication. Additionally, inhaled NO is
a potent pulmonary vascular vasodilator which can help
with hypoxemia and reduction of mean pulmonary artery
pressure (mPAP) and PVR.8 Patients using inhaled trepros-
tinil therapy should be admitted to a negative pressure room
as there is a potential risk of aerosolization; although, the
aerosolization risk is extremely low, many patients cough
(54% in TRIUMPH study in the treprostinil arm)9 post
inhalation, which may increase the risk for health care pro-
viders. We suggest in high-risk patients, consider transition
to parenteral treprostinil or prostacyclin. In low-risk
patients with mild illness, brief interruption of inhaled tre-
prostinil therapy should be tolerable; however, this should
be assessed on an individual case basis and must be done at
an expert center which is capable of initiating parenteral
prostacyclin emergently. There are some anecdotal data sug-
gesting that ERA can block angiotensin II receptors, which
are needed for viral entry into the cells, thus offering some
potential protection in PAH patients.10,11 However, such
hypotheses require robust evaluation. Many PAH patients
are receiving systemic anticoagulation; we recommend con-
tinuing it as there are increasing data from the non-PAH
COVID-19 infected patients that microthrombi and comple-
ment-mediated vascular injury are a large component of the
disease.12

Management of critically ill PAH patients with
COVID infection

Management of PAH patients in intensive care unit (ICU) is
challenging regardless of COVID-19 infection. COVID-19
infection has further complicated the management of this
patient population. Sepsis in non COVID-9 PAH carries
poor prognosis and leads to higher mortality.13 COVID-19
infection primarily affects the respiratory system; the most
common reason for ICU admission is acute respiratory fail-
ure, in most cases acute respiratory distress syndrome
(ARDS), needing ventilatory support.14 However, circula-
tory shock due to viral myocarditis, or cytokine release syn-
drome also occurs in COVID-19 infection.15 In PAH patient
population, we generally suggest avoiding invasive positive
pressure ventilation due to adverse effect on cardiopulmon-
ary hemodynamics.16 Unfortunately, this is often impossible
during respiratory failure from COVID-19 infection. As the
respiratory status of the patient deteriorates, higher
amounts of oxygen are needed. Options at this point in
non-COVID-19 PAH patients are high-flow oxygen via

nasal cannula (HFNC) or the initiation of noninvasive ven-
tilation (NIV). However, in patients with COVID-19
because of the potential of aerosolization of particles and
the rapidity and the severity of the deterioration, this deci-
sion is controversial and subject to ongoing debate.17

Despite this controversy, both modalities have been used
variably. In retrospective cohorts, rates for HFNC use
ranged from 14 to 63%, while 11 to 56% were treated
with NIV.14,18 However, there are no data describing
whether these modalities were successful at avoiding intuba-
tion. Intubation of PAH patients is often problematic due to
the effects of sedatives on cardiac function and nonselective
vasodilation leading to systemic hypotension and hemody-
namic collapse.19 We suggest admission of PAH patients to
negative pressure room in ICU and a trial of noninvasive
ventilation or high flow oxygen (opti flow) as a reasonable
approach (we often place a N95 mask on the patient using
these modalities). At centers which have facility for inhaled
nitric oxide or inhaled epoprostenol, it should be considered
and can be delivered with these modalities. If respiratory
failure progresses (the most common scenario), and need
for intubation is inevitable, goals of care should be estab-
lished (preferably, goals of care should have been estab-
lished before reaching this point). Palliative care team
involvement is also very helpful and recommended in this
context. These discussions should be based on the factors
like patient age, functional capacity, risk status of PAH
prior to infection and the likely impact of this current hos-
pitalization on the quality of life. However, if intubation and
mechanical ventilation are acceptable options, intubation
must be carefully planned. Hypotension and loss of RV
contractility must be prevented as much as possible and
the administration of catecholamines and/or fluids should
be considered before anesthesia. Despite the lack of con-
trolled clinical trials, etomidate is the preferred drug for
induction of general anesthesia as it has little effect on car-
diac contractility and vascular tone.20,21 Maintenance of
anesthesia is usually achieved with low-dose opioids or keta-
mine together with benzodiazepines or propofol. Airway
pressures should be kept to a minimum while at the same
time hypercapnia should be avoided, if possible, because of
its deleterious effects on pulmonary hemodynamics.22,23

Discussion of code status should not be overlooked as car-
diopulmonary resuscitation remains largely unsuccessful in
patients with PAH and RV failure.24 In a critically ill PAH
patient with COVID-19 infection, we emphasize continuing
PAH-specific therapies. Inhaled epoprostenol or iloprost
can be used as a substitute for inhale treprostinil or to cor-
rect hypoxemia. Endothelin receptor antagonists can be
crushed and delivered via nasogastric tube. Patients on
oral treprostinil should be transitioned to iv treprostinil25

as the oral form is in extended release tablet and should
not be crushed. Similarly, patients on oral selexipag can
be briefly transitioned to iv selexipag (or iv epoprostenol)
for the duration of mechanical ventilation26. Management
of right ventricular failure in PAH should follow previously
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published literature.19,27 We recommend continuing treat-
ment with investigational therapies for COVID-19 infection
as per institutional guidelines along with the PAH treat-
ment. Systemic anticoagulation in patients with PAH
along with experimental COVID-19 treatments could be
an option, considering growing evidence of thrombotic
events in COVID-19 patients;28 however, at this time it is
still controversial due to lack of evidence. In an unfortunate
circumstance, if no clinical improvement is noticed, we
discourage consideration for extracorporeal membrane

oxygenation (ECMO) support in a PAH patient with
COVID-19 infection. Outcome for a PAH patient on
ECMO will likely be unfavorable unless there is an exit
strategy in place, such as lung transplant. At this time,
organ transplant is not considered an option for a
COVID-19 infected patient, thus ECMO for a PAH patient
with COVID 19 will be an unjustifiable use of resources. As
such, we encourage active discussion with family or care
provider to consider comfort measures. Fig 1 describes a
flow chart to guide the management of these patients.
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Fig. 1. Flowchart highlighting the management of a PAH patient with COVID-19 infection.
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COVID-19 infection poses an unprecedented threat
to our vulnerable patient population with PAH. So far,
nationally, we have not seen many PAH patients with
COVID-19 infections, and most of them have had favorable
outcomes. This may reflect the ability of these patients to
isolate and quarantine themselves. However, we believe, it is
early in this pandemic. Based on our current epidemiologi-
cal data, we are far from having a successful treatment
option or a vaccination. Thus, we are likely to see more
PAH patients with COVID-19 infection and hope this
review provides assistance to the clinicians involved in
managing these patients in this critical situation.
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