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	 Patient:	 Female, 36-year-old
	 Final Diagnosis:	 Severe ARDS secondary to COVID-19 leading to severe PAH and RV systolic function impairment
	 Symptoms:	 Hypoxemia
	 Medication:	 —
	 Clinical Procedure:	 —
	 Specialty:	 Critical Care Medicine

	 Objective:	 Rare disease
	 Background:	 Inhaled nitric oxide (iNO) is used as a treatment for pulmonary arterial hypertension (PAH). Severe hypoxia 

with hypoxic vasoconstriction caused by severe acute respiratory distress syndrome (ARDS) can induce pul-
monary hypertension with hemodynamic implications, mainly secondary to right ventricle (RV) systolic func-
tion impairment.

		  We report the case of the use of iNO in a critically ill patient with bilateral SARS-CoV-2 pneumonia and severe 
ARDS and hypoxemia leading to acute severe PAH, causing a ventilation/perfusion mismatch, RV pressure over-
load, and RV systolic dysfunction.

	 Case Report:	 A 36-year-old woman was admitted to the Intensive Care Unit with a severe ARDS associated with SARS-CoV-2 
pneumonia requiring invasive mechanical ventilation. Severe hypoxia and hypoxic vasoconstriction developed, 
leading to an acute increase in pulmonary vascular resistance, severe to moderate tricuspid regurgitation, RV 
pressure overload, RV systolic function impairment, and RV dilatation. Following 24 h of treatment with iNO 
at 15 ppm, significant oxygenation and hemodynamic improvement were noted, allowing vasopressors to be 
stopped. After 24 h of iNO treatment, echocardiography showed very mild tricuspid regurgitation, a non-dilat-
ed RV, no impairment of transverse free wall contractility, and no paradoxical septal motion. iNO was main-
tained for 7 days. The dose of iNO was progressively decreased with no adverse effects and maintaining an 
improvement of oxygenation and hemodynamic status, allowing respiratory weaning.

	 Conclusions:	 Sustained acute hypoxia in ARDS secondary to SARS-CoV-2 pneumonia can lead to PAH, causing a ventila-
tion/perfusion mismatch and RV systolic impairment. iNO can be considered in patients with significant PAH 
causing hypoxemia and RV dysfunction.
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Background

COVID-19 pneumonia can be associated with severe acute re-
spiratory distress syndrome (ARDS) [1]. No specific antiviral 
therapy is currently approved for SARS-CoV-2. Therefore, treat-
ment is supportive. Severe hypoxemia and ARDS can lead to 
hypoxic vasoconstriction and an acute increase in pulmonary 
vascular resistance (PVR), leading to right ventricle (RV) pres-
sure overload and RV systolic function impairment.

In human physiology, nitric oxide (NO) has a very significant 
role as a signal molecule. It is delivered into the well-ventilat-
ed alveoli, leading to local vasodilatation. Therefore, it vaso-
dilates pulmonary arterioles in well-ventilated alveoli, increas-
ing blood flow in well-ventilated alveoli and decreasing flow 
in poorly ventilated alveoli, enhancing V/Q matching and in-
creasing oxygenation [1].

As NO goes into the blood circulation, it reacts quickly with 
hemoglobin, leading to its inactivation and therefore limiting 
its systemic effects. Bronchodilation and neutrophil-mediat-
ed oxidative burst inhibition are 2 known effects of inhaled 
nitric oxide (iNO) [1]. ARDS, newborn persistent pulmonary 
hypertension, RV failure after cardiac surgery, and pulmonary 
fibrosis treated with long-term oxygen are the main indica-
tions for the use of iNO and acute pulmonary embolism [1-4].

Data from a matched cohort study on patients with SARS 
showed an association between the use of iNO and an im-
provement in oxygenation [5]. Furthermore, exogenous NO 
has been associated with the inhibition of SARS-CoV-2 viral 
replication [6]. With respect to ARDS, the use of iNO in adults 
has not been associated with a decreased mortality rate or a 
decrease in mechanical ventilation duration. However, the use 
of iNO leads to an important oxygenation improvement and 
a decrease in PVR [1].

We report a case of the use of iNO in a critically ill patient with 
bilateral COVID-19 pneumonia and severe ARDS and hypoxemia 
leading to acute severe pulmonary arterial hypertension (PAH), 
RV pressure overload, and RV systolic function impairment.

Case Report

A 36-year-old woman affected with severe ARDS, which was 
associated with COVID-19 pneumonia and required invasive 
mechanical ventilation, was admitted to the Intensive Care Unit 
(ICU) in August 2021. A COVID-19 diagnosis was confirmed by 
reverse transcription PCR testing (Xpert® Xpress SARS-CoV-2, 
Cepheid, Switzerland). A written informed consent was signed 
by the family for publication of this case report. Laboratory 
analysis at ICU admission can be found in Table 1.

The patient had received a single dose of tocilizumab 8 mg/kg 
intravenously before being admitted to the ICU. On ICU admis-
sion, dexamethasone 6 mg per day was given for the first pe-
riod of 10 days. Moderate hypoxemia with a PaO2/FiO2 ratio 
of 182 mmHg was present on admission. A chest X-ray at ICU 
admission showed a bilateral pulmonary infiltration (Figure 1). 
Severe hypoxemia was treated with prone positioning for 16 
to 20 h per day for 10 days. Initially, the hypoxemia improved 
by the prone position strategy. However, after 10 days, the hy-
poxemia started being refractory to prone positioning. Hence, 
a further prone position was not performed and the PaO2/FiO2 
ratio was maintained between 100 and 110 for 4 days. On day 
12, a tracheostomy was performed. On day 14, the second pe-
riod of treatment with dexamethasone 6 mg per day was giv-
en for another 10 days. A chest computed tomography (CT) 
scan was performed, showing bilateral, peripheral, and basal 
predominant ground-glass opacities (Figures 2, 3).

ICU admission

PaO2/FiO2 ratio 182 mmHg

Ventilatory mode VC

Leucocyte 6.5×109/L

CRP 5.8 mg/L

Hb 9.5 g/dL

Platelets 606×109/L

FBG 947 mg/dL

PCT 0.02 ng/mL

Table 1. Laboratory analysis at Intensive Care Unit admission.

CRP – C-reactive protein; D11 – day 11; FBG – fibrinogen; 
Hb – hemoglobin; PCT – procalcitonin; VC – volume controlled.

Figure 1. �Arrow showing a bilateral pulmonary infiltration in the 
chest X-ray at Intensive Care Unit admission.
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On day 14 of the ICU stay, the patient presented hemodynam-
ic instability that required an increased dose of vasopressors. 
A transthoracic echocardiography was performed. A moderate 
to severe tricuspid regurgitation was observed, and a systol-
ic pulmonary artery pressure of 74 mmHg was estimated. An 
RV to LV end-diastolic area ratio >1 was observed, which sug-
gested a severe RV dilatation (Figure 4). The RV systolic func-
tion was impaired, particularly the free-wall RV transversal 
contractility. A D-shape of the interventricular septum at end-
systole was observed, which suggested an RV pressure over-
load (Figure 5). The chest X-ray on the day of iNO treatment 
initiation showed a bilateral infiltration (Figure 6).

Neither RV hypertrophy nor right atrium dilatation was noted, 
suggestive of an acute episode. The LV systolic function was 
not impaired, and the LV filling pressure was not increased, 
suggesting that the PAH was not due to left heart disease. 
The PaO2/FiO2 ratio was 100 mmHg. The presence of a pul-
monary embolism was ruled out by CT pulmonary angiogram.

Given the presence of severe PAH and severe hypoxemia lead-
ing to RV systolic dysfunction, we decided to initiate iNO at 15 

Figure 2. �Arrow showing bilateral, peripheral, and basal 
predominant ground-glass opacities in the basal chest 
computed tomography scan.

Figure 4. �Arrow showing right ventricle moderate dilatation in 
the transthoracic echocardiography apical 4 chambers 
view.

Figure 5. �Arrow showing a D-shape of the interventricular 
septum at end-systole in the transthoracic 
echocardiography short parasternal axis view.

Figure 3. �Arrow showing bilateral, peripheral, and basal 
predominant ground-glass opacities in the apical chest 
computed tomography.
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ppm. A significant improvement in oxygenation and hemody-
namics were observed, allowing us to stop the vasopressors. 
After 24 h of treatment, the PaO2/FiO2 ratio increased from 100 
mmHg to 191 mmHg (Table 2). The transthoracic echocardiog-
raphy was repeated, and we observed mild tricuspid regurgita-
tion, normal RV transversal/longitudinal contractility, a non-di-
lated RV (Figure 7), and normal C-shape of the interventricular 
septum (Figure 8). The iNO was decreased to 10 ppm on day 
5, and was gradually decreased until it was stopped on day 7. 
The PaO2/FiO2 ratio continuously increased from 100 mmHg 
to 321 mmHg after 7 days of iNO treatment (Table 2, Figure 9). 
After the iNO was stopped, no incidences were observed and 
an improvement in oxygenation and hemodynamic status were 
preserved (Table 3), allowing for respiratory weaning. Finally, 
on day 35, the patient was discharged from the ICU.

Discussion

This is a single case report on the usefulness of iNO for a crit-
ically ill patient with severe ARDS secondary to SARS-CoV-2 

D0 before iNO D1 after iNO D2 after iNO D3 after iNO D4 after iNO

PaO2/FiO2 (mmHg) 100 216 234 140 170

Ventilatory mode VC VC PS CPAP PS

Leukocyte (×109/L) 14.3 10.1 13 16 17

CRP (mg/L) 10.38 4.21 2.47 2.45 2.4

Hb (g/dL) 9.4 8.8 9.5 9.3 8.8

Platelets (×109/L) 426 495 591 602 561

FBG (mg/dL) 1061 892 770 725 710

PCT (ng/mL) <0.02 <0.02 <0.02 <0.02 <0.02

Table 2. Laboratory analysis during inhaled nitric oxide treatment period.

CPAP – continuous positive airway pressure; CRP – C-reactive protein; D0 – day 0; D1 – day 01; D2 – day 2; D3 – day 3; D4 – day 4; 
D5 – day 5; D6 – day 6; D7 – day 7; D8 – day 8; D9 – day 9; D10 – day 10; FBG – fibrinogen; Hb – hemoglobin; iNO – inhaled nitric 
oxide; PCT – procalcitonin; PS – pressure support; VC – volume controlled.

D5 after iNO D6 after iNO D7 after iNO D8 STOP iNO D9 D10 

PaO2/FiO2 (mmHg) 124 192 321 315 200 190

Ventilatory mode PS PS PS PS VC VC

Leukocyte (×109/L) 17.8 18 21 22 18 21

CRP (mg/L) 2.4 2.4 2.55 16.7 7.7 3.7

Hb (g/dL) 8.6 8.8 9 7.7 8 8.7

Platelets (×109/L) 513 518 618 442 468 611

FBG (mg/dL) 700 690 680 820 744 756

PCT (ng/mL) <0.02 <0.02 <0.02 0.03 0.04 0.05

Figure 6. �Arrow showing bilateral pulmonary infiltration, on 
the day of inhaled nitric oxide treatment in the chest 
X-Ray.
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infection that led to severe PAH and RV systolic function im-
pairment, along with RV pressure overload and severe RV dil-
atation. Data on the benefits of using iNO for patients with 
COVID-19 are controversial [7-18].

In our case report, a significant oxygenation improvement was 
observed. The PaO2/FiO2 ratio increased from 100 mmHg to 
321 mmHg after 7 days of treatment. Our case is interesting 
because this was a patient with not only COVID-19-associated 
ARDS but also severe PAH, RV dilatation, and RV systolic func-
tion impairment who responded extremely well to iNO.

A systematic review on the efficacy and safety of iNO in the 
treatment of patients with severe COVID-19 was recently pub-
lished [7]. The review included 423 patients with COVID-19 in 
14 retrospective cohort studies and observed that the use of 
iNO was associated with a slight increase in the PaO2/FiO2 ra-
tio, with no effect on mortality. Data from a retrospective co-
hort study on 47 patients on invasive mechanical ventilation 
showed that iNO increased oxygenation more significantly in 
non-COVID-19-related ARDS than in COVID-19-related ARDS. 
However, none of the patients in this cohort had moderate to 
severe PAH with RV systolic dysfunction [8]. In a prospective 
cohort study on 9 patients with COVID-19-related ARDS on in-
vasive mechanical ventilation, a statistically significant oxygen-
ation improvement associated with the use iNO was observed, 
with a PaO2/FiO2 ratio increase from 65 (range 67-73) to 72 
(range 67-73), P=0.015. However, a PaO2/FiO2 ratio increase 
of 7 mmHg might be statistically significant but it is not clin-
ically significant. None of these patients had severe PAH with 
RV systolic dysfunction [9].

Another retrospective cohort study on 7 patients with COVID-
19-related moderate to severe ARDS on invasive mechanical 
ventilation showed a significant oxygenation improvement; 

Figure 7. �Arrow showing a normal C-shape of the 
interventricular septum at end-systole after 
inhaled nitric oxide treatment in the transthoracic 
echocardiography short parasternal axis view.

Figure 9. �Chest X-ray showing an improvement of bilateral 
pulmonary infiltration after inhaled nitric oxide 
treatment.

Figure 8. �Arrow showing a non-dilated right ventricle after 
inhaled nitric oxide treatment. In the transthoracic 
echocardiography apical 4 chambers view.
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the PaO2/FiO2 ratio was increased from 78.2 (range 64.5-
101.5) to 105.0 (range 78.5-144.5), P=0.0313; and a decrease 
in PVR from 184.1 (range 153.5-237.4) to 155.3 (range 153.1-
227.5), P=0.125, was associated with the use of iNO [10]. In a 
case series of 6 patients with COVID-19 who were pregnant, 
an improvement in oxygenation with the use of iNO through 
the mask was observed [11]. An observational prospective 
cohort study compared the use of iNO with the use of iNO 
plus almitrine in 10 patients with COVID-19 and severe ARDS. 
Oxygenation improvement was significantly increased in the 
group of patients receiving iNO plus almitrine compared with 
iNO alone. The PaO2/FiO2 ratio increased from 102 mmHg at 
baseline to 124 mmHg after iNO (P=0.13) and to 180 mmHg 
after iNO and almitrine (P<0.01) [12].

In another retrospective cohort study, 20 patients with 
COVID-19 pneumonia were consecutively included. All pa-
tients had moderate to severe ARDS with a PaO2/FiO2 ratio 
<120 mmHg on invasive mechanical ventilation. Neither iNO 
nor almitrine nor iNO combined with almitrine increased the 

D11 D12 D13 D14 D15

PaO2/FiO2 (mmHg) 200 205 212 215 210

Ventilatory mode PS PS PS PS PS

Leukocytes (×109/L) 16 16.8 26 19 17

CRP (mg/L) 6.2 10.7 13.7 16.9 7.4

Hb (g/dL) 8.9 9.1 7.9 7.8 7.8

Platelets (×109/L) 598 583 430 399 403

FBG (mg/dL) 630 878 880 992 862

PCT (ng/mL) 0.07 <0.02 <0.02 <0.02 <0.02

Table 3. Laboratory analysis after inhaled nitric oxide treatment period.

CRP – C-reactive protein; D11 – day 11; D12 – day 12; D13 – day 13; D14 – day 14; D15 – day 15; D16 – day 16; D17 – day 17; 
D18 – day 18; D19 – day 19; D20 – day 20; D21 – day 21; FBG – fibrinogen; Hb – hemoglobin; HFNC – high flow nasal cannula; 
PCT – procalcitonin; PS – pressure support; trachea – tracheostomy.

D16 D17 D18 D19 D20 D21

PaO2/FiO2 (mmHg) 208 220 225 300 330 270

Ventilatory mode PS PS PS
HFNC by 
tracheo

HFNC by 
tracheo

Mask 

Leukocytes (×109/L) 17 13.8 12 13 12 10

CRP (mg/L) 5.2 3.3 1.88 2.98 2.12 1

Hb (g/dL) 7.3 8 8.4 8.8 8.3 8.7

Platelets (×109/L) 383 353 376 447 351 301

FBG (mg/dL) 780 710 687 667 603 546

PCT (ng/mL) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

PaO2/FiO2 ratio by more than 20% (defined as responders). 
iNO alone increased the PaO2/FiO2 ratio by 2.2%, and almi-
trine alone increased the PaO2/FiO2 ratio by 1.9%; whereas, 
the combination of iNO plus almitrine increased the PaO2/
FiO2 ratio by 5%. However, none of the patients included had 
moderate to severe PAH associated with RV dilatation or RV 
systolic dysfunction [13]. A case series of 10 patients on inva-
sive mechanical ventilation with severe ARDS (PaO2/FiO2 ra-
tio <100) who required at least 12 to 16 h of ventilation in a 
prone position observed no response to a 30-min test of iNO 
at 20 ppm. In this case series, no mention is given to wheth-
er the patients had PAH and/or RV pressure overload or sys-
tolic dysfunction [14].

A single-center retrospective observational study on 32 con-
secutive patients observed that 66% of the patients were re-
sponders to almitrine combined with iNO. The patients who 
were responders (21 responders vs 11 non-responders) had a 
67% improvement of PaO2/FiO2 ratio, while there was a trend 
toward a decreased mortality rate for responders compared 
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with non-responders (47% vs 63.6%; P=0.39) [15]. A prospec-
tive observational study on 34 patients with moderate to se-
vere COVID-19-related ARDS (PaO2/FiO2 ratio <150) showed 
that 65% (22/34) were responders and 35% (12/34) were non-
responders to a 30-min test of 10 ppm of iNO. Responders were 
defined as a 20% increase in PaO2/FiO2 ratio. The rate of acute 
cor pulmonale did not differ between groups. The rate of PAH 
was not reported [16]. Data from an observational cohort study 
on 16 patients with severe ARDS (PaO2/FiO2 <100 mmHg) on 
invasive mechanical ventilation showed that only a subgroup 
of patients (4/16, 25%) responded to 25 ppm of iNO. Three of 
these 4 patients had RV dysfunction requiring inotropics [17]. 
A case series of 5 patients with PAH and COVID-19-related 
moderate ARDS observed a continuous significant improve-
ment of PaO2/FiO2 ratio from 146 to 244 mmHg. iNO was as-
sociated with a decreased in PVR and a decrease of RV dys-
function rate [18]. Our patient had similar characteristics as 
the patients (25%) who responded to iNO in the observation-
al cohort published by Tavazzi et al [17] and the case series 
by Feng et al [18]. Our patient had COVID-19-related moder-
ate to severe ARDS and was on invasive mechanical ventila-
tion associated with severe to moderate PAH and RV dysfunc-
tion that required vasopressors.

Conclusions

Sustained and severe acute hypoxia in patients with ARDS 
due to COVID-19 pneumonia might lead to PAH and a ven-
tilation/perfusion mismatch, along with RV dysfunction. NO 
might have a role in patients with acute hypoxia that is asso-
ciated with severe ARDS due to COVID-19 pneumonia and se-
vere PAH with RV impairment while the acute episode lead-
ing to deterioration is treated.

This case report does not prove the benefit of using iNO for 
treating hypoxemia in the general population with SARS-CoV-2. 
Well-powered clinical trials are needed to determine the effi-
cacy of iNO in the setting of SARS-CoV-2 and moderate to se-
vere ARDS, PAH, and RV systolic dysfunction.
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