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A case involving a 50-year-old woman (height, 155 cm; weight, 79.6 kg), who was undergoing home oxygen therapy (3.5 L/min),
with an oxygen saturation (SpO2) of approximately 91% due to pulmonary artery hypertension (PAH) with mixed connective
tissue disease, is reported. The patient developed coronavirus disease 2019- (COVID-19-) related respiratory failure, with an
SpO2 of 78% on oxygen inhalation (3.5 L/min) and was admitted to the authors’ hospital. In accordance with remdesivir,
dexamethasone, and heparin treatment, high-flow nasal cannula (HFNC) therapy was selected to avoid intubation. At an initial
HFNC setting of 70% oxygen with a flow rate of 50 L/min, SpO2 improved to 92% and her subjective symptoms improved. She
was weaned from HFNC on day 5 of admission (day 14 of COVID-19 onset) and discharged home on day 14 of admission. In
patients with PAH, the beneficial effects of HFNC to avoid endotracheal intubation were evident in avoiding hemodynamic
instability and worsening respiratory failure.

1. Introduction

Among patients compromised by respiratory failure, those
with pulmonary artery hypertension (PAH) are often difficult
to manage because worsening respiratory status often causes
circulatory fluctuations, which can lead to right ventricular
failure and death. Herein, we report a case of coronavirus dis-
ease 2019- (COVID-19-) related respiratory failure in a patient
with underlying PAH undergoing home oxygen therapy
(HOT), who has successfully managed using high-flow nasal
cannula (HFNC) therapy.

2. Case Presentation

A 50-year-old female (height, 155 cm; weight, 79.6kg) under-
going HOT (3.5L/min), with an oxygen saturation (SpO2) of
approximately 91%, is reported. The patient was diagnosed
with mixed connective tissue disease when she was 37 years
of age and had been receiving prednisolone. During the course
of her treatment, right heart catheterization revealed a mean

pulmonary artery pressure of 27mmHg, and she started receiv-
ing nifedipine, bosentan, sildenafil, and beraprost in accor-
dance with HOT. She experienced worsening fever and cough
for a few days and was referred to the authors’ hospital because
antibiotic therapy was ineffective.

She was admitted to the hospital after testing positive for
COVID-19 according to polymerase chain reaction testing.
According to her clinical course, she was 10 days from the
onset of COVID-19 and experienced severe respiratory fail-
ure, with a body temperature of 37.2°C, a heart rate of 103
beats/min, a blood pressure of 134/94mmHg, and a respira-
tory rate of 30 breaths/min, with shoulder breathing and an
SpO2 of 78% on oxygen inhalation (3.5 L/min). Chest com-
puted tomography revealed scattered ground-glass opacities
immediately below the right pleura and atelectasis in the left
lower lung field (Figure 1).

Despite oxygen inhalation via reservoir mask (10L/min),
SpO2 increased only up to 83%. In typical cases of COVID-
19-related respiratory failure, these parameters suggest that
ventilator management by intubation is necessary. However,
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circulatory fluctuations and positive pressure ventilation asso-
ciated with intubation were feared to adversely affect pulmo-
nary hypertension. The patient also had a long history of
smoking, was undergoing inhalation therapy for asthma, and
was obese, with a body mass index of 33.1 kg/m2. Therefore,
in accordance with remdesivir, dexamethasone, and heparin
treatment, HFNC was selected to avoid intubation.

At an initial HFNC setting of 70% oxygen concentration
and a flow rate of 50L/min, SpO2 improved to 92%, and her
subjective symptoms also improved. At this time point with
70% of oxygen inhalation, her arterial blood gas showed a
pH of 7.419, PaCO2 of 37.3mmHg, PaO2 of 72.5mmHg,
and bicarbonate of 23.7mmol/L. Her PaO2/FIO2 ratio of 104
indicated moderate hypoxic respiratory failure. Her respira-
tory rate increased to >30 breaths/min on day 1 of admission.
However, her respiratory rate decreased the next day, in addi-
tion to oxygen concentration. Her ROX (i.e., ratio of oxygen
saturation as measured by pulse oximetry/fraction of inspired
oxygen to respiratory rate) indices were 4.28 at 2h following
initiation of HFNC and decreased to 3.90 at 6h; however, it
increased to 6.67 at 12h. She continued to progress without
major complications. Settings of HFNC were changed while
keeping SpO2 around 86% to 92% as follows: 60% of oxygen
at 50L/min of flow (day 1), 50% of oxygen at 50L/min of flow
(day 2), 40% of oxygen at 40L/min of flow (day 3), and 35% of
oxygen at 40L/min of flow (day 4). After applying 30% of oxy-
gen at 40L/min of flow, the patient was weaned from HFNC
on day 5 of admission (day 14 of COVID-19 onset). The
patient was discharged on day 14 of admission.

3. Discussion

Patients with underlying chronic health conditions are at
increased risk for developing severe COVID-19 [1]. In patients
with PAH, elevated pulmonary artery pressure may lead to
right ventricular failure and death, with high mortality during
hospitalization, both due to PAH-related causes and noncar-
diac conditions [2] [3]. Sulica et al. [4] reported a remarkably
high COVID-related mortality rate of 36.36% at the beginning
of the COVID-19 pandemic in New York City, in the United

States. In our patient, respiratory failure due to SARS-CoV-2
infection led to hypoxemia, and oxygen therapy via masks
was ineffective in increasing oxygenation, and ventilator man-
agement by intubation appeared to be necessary. However, in
patients with PAH, intubation should be avoided if possible,
because positive pressure ventilation increases intrathoracic
pressure impeding preload in the right ventricle, and sedatives
affect cardiac function and cause vasodilation, leading to sys-
temic hypotension and hemodynamic collapse [1]. Therefore,
HFNC was selected.

To avoid the adverse effects of mechanical ventilation,
noninvasive ventilation (NIV) or HFNC, which was selected
in this case, can be used. We previously reported [5] a patient
with reperfusion pulmonary edema following percutaneous
transluminal pulmonary angioplasty, who was successfully
managed using HFNC. Due to the simplicity of the technique,
lower equipment costs, and remarkable patient tolerance to
treatment, HFNC is sometimes superior to NIV in patients
with acute respiratory failure.

The issue of whether to use HFNC or NIV for COVID-19-
related respiratory failure has been controversial [6], and var-
iability exists among the current guidelines. Although both
HFNC and NIV are useful in avoiding mechanical ventilation,
concerns remain that delayed tracheal intubation may lead to
worse outcomes. Because the adverse effects of mechanical
ventilation are more evident in patients with PAH than in
those without PAH, the beneficial effects of HFNC to avoid
tracheal intubation are more justifiable.

Aerosolized transmission from patients to treating
healthcare professionals remains a concern, and the use of
negative pressure wards and adequate personal protective
equipment for all medical staff has helped to reduce anxiety.
In the early stages of the current COVID-19 pandemic, initial
concerns about the risk of bioaerosol dispersion and delayed
intubation led some scientific societies to limit or not recom-
mend the application of HFNC and other noninvasive respira-
tory support devices with different and sometimes opposite
recommendations between national and international organi-
zations [7]. In this case, avoiding endotracheal intubation
helped reduce the necessity of medical staff for patient care

Figure 1: Chest computed tomography on admission to hospital. Scattered ground-glass opacities immediately below the right pleura and
atelectasis in the left lower lung field are evident.
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and helped reduce anxiety among medical personnel. Because
no medical staffmember got COVID-19 infection while treat-
ing this patient, further applications of HFNC to COVID-19
patients were enhanced in our intensive care unit [8].

4. Conclusion

We encountered a case of COVID-19-related respiratory fail-
ure in a patient with PAH undergoing HOT. In patients with
PAH, the beneficial effects of HFNC to avoid endotracheal
intubation were evident in avoiding hemodynamic instability
and worsening respiratory failure from mechanical ventilation.
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