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Objectives  
To compare the clinical impact of inhaled epoprostenol (iEPO) and inhaled nitric oxide 
(iNO) in mechanically ventilated patients with COVID-19 induced acute respiratory 
distress syndrome (ARDS). The primary outcome was the difference in the maximum 
change in PaO2:FiO2 during the initial 24 hours after study group initiation between 
iEPO and iNO. Secondary outcomes included differences in inpatient mortality and 
hospital length of stay. 

Design  
Multicenter, observational cohort study. 

Setting  
Eleven hospitals in Arizona, Colorado, and Wyoming. 

Patients  
Adult patients with a documented diagnosis of COVID-19 requiring mechanical 
ventilation admitted between January 2020 and January 2022 who received continuous 
administration of inhaled epoprostenol (iEPO) or inhaled nitric oxide (iNO) and moderate 
to severe ARDS, defined as a partial pressure of oxygen to fraction of inspired oxygen 
(PaO2:FiO2) ratio of < 150 mmHg. 

Exposures  
Inhaled epoprostenol or inhaled nitric oxide 

Measurements and Main Results     
A total of 200 patients were enrolled in the study with equal distribution of patients in 
the iEPO and iNO groups. The maximum change in PaO2:FiO2 ratio within 24 hours from 
baseline in the iEPO and iNO groups was 40.7 ± 57.1 and 62.7 ± 74.0 mmHg, respectively 
(p = 0.0194). Inpatient mortality was higher in the iEPO group compared to the iNO 
group (91% vs 72%, p = 0.001). The mean length of stay was longer in the iNO group 
compared to the iEPO group (28.3 days vs 18 days, p = 0.0002). Multivariate logistic 
regression analysis revealed that variables associated with increased mortality included 
use of iEPO (OR, 0.25; 95% CI, 0.113 to 0.645), norepinephrine dose (OR, 1.05; 95% CI, 
1.004 to 1.090), and use of extracorporeal membrane oxygenation (OR, 0.133, 95% CI, 
0.028 to 0.636). 

Conclusions  
In patients with moderate to severe COVID-19 induced ARDS, use of iNO was associated 
with greater improvements in PaO2:FiO2 ratio and lower inpatient mortality. 
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KEY POINTS 

Question: Does inhaled epoprostenol (iEPO) or inhaled ni
tric oxide (iNO) result in greater improvements in partial 
pressure of oxygen to fraction of inspired oxygen 
(PaO2:FiO2) ratio in mechanically ventilated patients with 
COVID-19 and moderate to severe acute respiratory dis
tress syndrome (ARDS)? 

Findings: The maximum change in PaO2:FiO2 ratio within 
24 hours was significantly greater in the iNO group com
pared to iEPO. Secondary analyses indicated that iNO re
duced inpatient mortality but was associated with longer 
length of hospital stay. 

Meaning: The results of the study indicate that iNO re
sulted in greater improvements in oxygenation compared 
to iEPO. Inpatient mortality was lower in the iNO group; 
however, mortality rates were high in both groups and re
flect the severity of COVID-19-induced ARDS during the 
study period. 

INTRODUCTION 

Treatment of patients with COVID-19 and moderate to se
vere acute respiratory distress syndrome (ARDS) requiring 
mechanical ventilation (MV) includes lung protective ven
tilation, conservative fluid administration, prone position
ing, neuromuscular blocking agents (NMBA), corticos
teroids, and immunomodulators.1 Despite a lack of 
prospective trials of inhaled vasodilators in patients with 
COVID-19 ARDS, the National Institutes of Health (NIH) 
suggest a trial of inhaled nitric oxide (iNO) as a rescue ther
apy when other efforts to improve oxygenation have failed. 
Although the use of inhaled epoprostenol (iEPO) as a res
cue therapy for COVID-19 ARDS is not mentioned in the 
NIH guidelines, the lower cost of iEPO relative to iNO, ease 
of administration, and noted improvements in PaO2:FiO2 in 
non-COVID-19 ARDS and COVID-19 ARDS make iEPO an 
attractive alternative to iNO.1,2 However, published data in
volving iEPO in COVID-19 ARDS is limited by small sam
ple sizes, lack of comparative studies with iNO, mixed pa
tient populations of non-COVID-19 and COVID-19 ARDS, 
and use of crossover trials in centers that reserve iNO for 
patients that failed initial iEPO.3,4 Therefore, we created 
this study to compare the clinical impact of iEPO and iNO 
in adult MV patients with moderate to severe COVID-19 
ARDS. 

MATERIALS AND METHODS 

STUDY DESIGN AND POPULATION 

This was a retrospective cohort study conducted at 11 hos
pitals within the same healthcare system in Arizona, Col
orado, and Wyoming. The healthcare system maintained a 
living document with recommendations for treatment of 
COVID-19 as published data became available and inhaled 
vasodilators were suggested as a rescue therapy in patients 

with severe hypoxemia with iEPO suggested as the pre
ferred therapy. However, treatment of COVID-19, including 
selection of iEPO or iNO, was at the discretion of the 
provider. This study was approved by the University of Ari
zona Institutional Review Board. 

INCLUSION AND EXCLUSION CRITERIA 

Patients ≥18 years with a documented diagnosis of 
COVID-19 requiring mechanical ventilation and moderate 
to severe ARDS, defined as a PaO2:FiO2 ratio <150 mmHg, 
who received continuous iNO or iEPO for ≥1 hour were eli
gible for inclusion. Key exclusion criteria included patients 
receiving >2 hours of concomitant iEPO and iNO, use of iNO 
or iEPO for pulmonary embolism, concomitant administra
tion of parenteral prostacyclins, extracorporeal membrane 
oxygenation (ECMO) prior to iNO or iEPO administration, 
and patients without an arterial blood gas (ABG) at baseline 
or within 6 hours of study drug initiation. 

DATA COLLECTION 

Data collection included baseline demographics, comor
bidities, hemodynamic parameters, vasopressor require
ments, renal replacement therapy (RRT), adjunctive med
ications for COVID-19, and baseline Sequential Organ 
Failure Assessment (SOFA) score. Data for PaO2 and FiO2 
were collected at baseline and time intervals of 0-6, 6-12, 
12-24, 24-48 hours after initiation of iNO or iEPO. All data 
was abstracted from the electronic medical record by two 
authors (JAJ, SM). 

STATISTICAL ANALYSIS 

Chi-square testing was used for evaluating categorical vari
ables and independent sample Student t-testing was used 
for continuous variables. A multivariable logistic regression 
analysis was performed to assess the relationship between 
mortality and explanatory variables including study drug, 
weight, ethnicity, prone positioning, NMBA, and ECMO. 
Assuming a power of 80% and alpha of 0.05, a total of 
200 patients was needed to detect an absolute increase in 
PaO2:FiO2 of 10 mmHg within 24 hours of study drug ini
tiation. A p-value of <0.05 was considered statistically sig
nificant. Data was analyzed using STATA version 16.1. 

STUDY OUTCOMES 

The primary endpoint was the maximum change from base
line in PaO2:FiO2 in the 24 hours following initiation of 
iEPO or iNO. Secondary outcomes evaluated included inpa
tient mortality and hospital length of stay. 

RESULTS 

There was a total of 426 patients screened for inclusion 
with 226 patients who met exclusion criteria (Fig. 1). 
Two hundred patients were enrolled in the study, with 

100 patients in each group. Baseline characteristics were 
similar between groups except for higher weight (p = 0.042) 
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Figure 1. Flow Chart of Patient Enrollment      
Abbreviations: ABG, arterial blood gas; ECMO, extracorporeal membrane oxygenation; iEPO, inhaled epoprostenol; iNO, inhaled nitric oxide; PaO2:FiO2, ratio of partial pressure ar
terial oxygen to fractional inspired oxygen 

and MAP (p = 0.049) in the iEPO group and higher utiliza
tion of ECMO after study drug initiation in the iNO group 
(Table 1). The mean dose of iEPO was 28.1 ng/kg/min and 
the mean dose of iNO was 17.7 ppm. 
The mean maximum change in PaO2:FiO2 ratio within 

24 hours from baseline was greater in the iNO group com
pared to the iEPO group (62.7 vs 40.7 mmHg, p = 0.019) 
(Table 2). 
Inpatient mortality was higher in the iEPO group com

pared to the iNO group (91% vs 72%, p < 0.001). The mean 
length of hospital stay was longer in the iNO group com
pared to the iEPO group (28.3 vs 18 days, p = p < 0.001). 
Logistic regression analysis revealed that use of iNO (OR, 
0.27; 95% CI, 0.113 to 0.645) and initiation of ECMO after 
study drug (OR, 0.133; 95% CI, 0.028 to 0.636) were pre
dictive of lower mortality, while increasing doses of nor
epinephrine equivalents (OR, 1.05; 95% CI, 1.004 to 1.090) 
were associated with higher mortality (Table 3). 

DISCUSSION 

The use of iNO was associated with greater increases in 
PaO2:FiO2 and lower mortality compared to iEPO in a group 
of adult patients with COVID-19 with moderate to severe 
ARDS. Notably, approximately 92.5% of the patient popu
lation enrolled had severe ARDS at baseline. In logistic re
gression, use of iEPO remained an independent risk factor 
for mortality in this population. Patients in the iNO group 

had significantly longer hospital length of stay, which may 
represent survival bias. 
The use of inhaled vasodilators has traditionally been 

reserved as a rescue therapy for severe hypoxemia with 
documented improvements in oxygenation.2,5 A recently 
published meta-analysis of inhaled prostacyclins reported 
an improvement in PaO2:FiO2 ratio by a median of 19.45 
mmHg in patients with COVID-19 ARDS compared to 40.7 
mmHg in iEPO patients in this study.2 In iNO treated pa
tients with COVID-19 ARDS, a prospective trial reported 
an improvement in PaO2:FiO2 at 48 hours of 23.3 mmHg 
while a retrospective trial reported a median improvement 
of 106.9 mmHg at 24 hours.6,7 In this study, the mean max
imum change in PaO2:FiO2 was 62.7 mmHg. Differences in 
changes in PaO2:FiO2 may be explained by variable severity 
of ARDS, differences in utilization of prone position, or dif
ferences in recruitment maneuvers.4,8 A recently published 
article provided evidence that COVID-19 infection may re
duce endogenous NO and explored the correlation between 
decline in NO levels and COVID-19 severity.9 Perhaps, this 
could also explain why patients who were administered iNO 
responded more favorably. 
The use of inhaled vasodilators has not been associated 

with reductions in mortality; however, most studies involve 
non-COVID patient populations.2,5 In COVID-19 patients 
with ARDS, there is a lack of data comparing mortality be
tween those treated with iEPO and iNO. This study found a 
reduction in mortality with iNO compared to iEPO. In mul
tivariate logistic regression, the use of iEPO remained an 
independent risk factor for mortality. There may be phys
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Table 1. Baseline Characteristics   

Inhaled Epoprostenol 
(n=100) 

Inhaled Nitric Oxide 
(n=100) 

p-value 

Male gender, n (%) 56 (56) 62 (62) 0.388 

Age, years 55.8 (13.1) 54.1 (13.8) 0.370 

Weight, kg 105.9 (28.7) 97.4 (29.6) 0.042 

Ethnicity, n (%) 
Non-Hispanic/Latino 
Hispanic/Latino 

65 (65) 
34 (34) 

54 (54) 
46 (46) 

0.094 

Baseline SOFA score 8.8 (3.2) 9.3 (3.0) 0.255 

Patients on RRT, n (%) 40 (40) 38 (38) 0.815 

Baseline MAP, mmHg 80.8 (16.6) 76.7 (11.9) 0.049 

Norepinephrine equivalents, mcg/min 11.4 (17.1) 9.6 (15.5) 0.415 

Baseline vasopressors, n (%) 
Norepinephrine 
Vasopressin 
Epinephrine 
Phenylephrine 

61 (61) 
14 (14) 
5 (5) 
7 (7) 

56 (56) 
11 (11) 
3 (3) 
5 (5) 

0.473 
0.521 
0.360 
0.552 

Comorbidities, n (%) 
Asthma 
CKD/ESRD 
COPD 
Diabetes mellitus 
Heart failure 
Hypertension 

9 (9) 
19 (19) 
5 (5) 
49 (49) 
13 (13) 
65 (65) 

14 (14) 
26 (26) 
9 (9) 
55 (55) 
13 (13) 
65 (65) 

0.268 
0.236 
0.268 
0.396 
1.000 
1.000 

Adjunctive ARDS management, n (%) 
Prone positioning 
Neuromuscular blocking agents 
Corticosteroids 
ECMO 

88 (88) 
85 (85) 
96 (96) 
1 (1) 

78 (78) 
92 (92) 
91 (91) 
8 (8) 

0.060 
0.121 
0.152 
0.017 

Baseline PaO2:FiO2 ratio (SD) 65.5 (20.5) 70.1 (20.2) 0.108 

Patients with PaO2:FiO2 < 100, n (%) 93 (93) 92 (92) 0.788 

* Results presented as mean (standard deviation) unless otherwise noted 
Abbreviations: ARDS, acute respiratory distress syndrome; CKD/ESRD, chronic kidney disease/end stage renal disease; COPD, chronic obstructive pulmonary disease; ECMO, extra
corporeal membrane oxygenation; MAP, mean arterial pressure; PaO2:FiO2 ratio, ratio of partial pressure of arterial oxygen to fractional inspired oxygen; RRT, renal replacement 
therapy; SOFA, Sequential Organ Failure Assessment 

Table 2. Patient Outcomes   

Inhaled Epoprostenol 
(n = 100) 

Inhaled Nitric Oxide 
(n = 100) 

p-value 

Maximum change in PaO2:FiO2 within 24 hours, mean (SD) 40.7 (57.1) 62.7 (74.0) 0.019 

Inpatient mortality, n (%) 91 (91) 72 (72) <0.001 

Length of hospital stay, mean (SD) 18 (9.7) 28.3 (25.5) <0.001 

iologic rationale for why iNO reduced mortality, including 
antiviral, anti-inflammatory, and anti-thrombotic effects 
associated with iNO.6,10 Other independent variables asso
ciated with lower mortality included the use of ECMO. In 
contrast, norepinephrine dose was independently associ
ated with higher mortality (Table 3). 
To our knowledge, this is the first study demonstrating 

demonstrating an association in oxygenation parameters 
and mortality favoring iNO over iEPO in patients with 
COVID-19 associated ARDS. Given the findings of this 
study along with the physiologic rationale that could ex
plain these outcomes, this study suggests that iNO should 

be used preferentially over iEPO when managing ARDS as
sociated with COVID-19 infection. 
Several limitations should be mentioned. Our study was 

retrospective in nature and ABGs were not drawn on a con
sistent basis. In addition, mortality rates were high in both 
groups and the study was completed during the peak of 
COVID-19-related deaths. Therefore, the data may not be 
generalizable to current strains of SARS-CoV-2 that are as
sociated with lower mortality. It is possible that ECMO use 
was confounder to the outcome of mortality since there 
were more patients on ECMO in the NO group and the 
multivariate analysis found ECMO to be an independent 
variable associated with reduced mortality. Finally, despite 
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Table 3. Multivariate Logistic Regression Model Predicting Mortality       

Variable Odds ratio 95% Confidence Interval p-value 

Use of inhaled nitric oxide 0.270 0.113 -0.645 0.003 

Weight 1.002 0.989-1.016 0.741 

Ethnicity 0.632 0.278-1.437 0.274 

Norepinephrine equivalents 1.046 1.004-1.090 0.032 

Prone positioning 0.558 0.186-1.676 0.299 

Neuromuscular blocking agents 0.707 0.173-2.895 0.630 

Extracorporeal membrane exchange 0.133 0.028-0.636 0.012 

completing a multivariate regression analysis, it is possible 
that unaccounted for variables were responsible for the re
ductions in mortality in the iNO group. 

CONCLUSIONS 

In patients with moderate-to-severe ARDS due to 
COVID-19, iNO significantly improved PaO2:FiO2 ratios 
and reduced mortality compared to iEPO. Prospective trials 
comparing iNO to iEPO are required to confirm the findings 
of our study. 
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