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SYSTEMATIC REVIEW

Inhaled Prostacyclins for Acute Respiratory 
Distress Syndrome: A Systematic Review and 
Meta-Analysis
OBJECTIVES: Studies evaluating inhaled prostacyclins for the management of 
acute respiratory distress syndrome (ARDS) have produced inconsistent results 
regarding their effect on oxygenation. The purpose of this systematic review and 
meta-analysis was to evaluate the change in the Pao2/Fio2 ratio after administra-
tion of an inhaled prostacyclin in patients with ARDS.

DATA SOURCES: We searched Ovid Medline, Embase, Cumulative Index to 
Nursing and Allied Health Literature, Cochrane, Scopus, and Web of Science.

STUDY SELECTION: We included abstracts and trials evaluating administration 
of inhaled prostacyclins in patients with ARDS.

DATA EXTRACTION: Change in the Pao2/Fio2 ratio, Pao2, and mean pulmonary 
artery pressure (mPAP) were extracted from included studies. Evidence certainty 
and risk of bias were evaluated using Grading of Recommendations Assessment, 
Development, and Evaluation and the Cochrane Risk of Bias tool.

DATA SYNTHESIS: We included 23 studies (1,658 patients) from 6,339 
abstracts identified by our search strategy. The use of inhaled prostacyclins 
improved oxygenation by increasing the Pao2/Fio2 ratio from baseline (mean dif-
ference [MD], 40.35; 95% CI, 26.14–54.56; p < 0.00001; I2 = 95%; very low 
quality evidence). Of the eight studies to evaluate change in Pao2, inhaled prosta-
cyclins also increased Pao2 from baseline (MD, 12.68; 95% CI, 2.89–22.48 mm 
Hg; p = 0.01; I2 = 96%; very low quality evidence). Only three studies evaluated 
change in mPAP, but inhaled prostacyclins were found to improve mPAP from 
baseline (MD, –3.67; 95% CI, –5.04 to –2.31 mm Hg; p < 0.00001; I2 = 68%; 
very low quality evidence).

CONCLUSIONS: In patients with ARDS, use of inhaled prostacyclins improves 
oxygenation and reduces pulmonary artery pressures. Overall data are limited and 
there was high risk of bias and heterogeneity among included studies. Future 
studies evaluating inhaled prostacyclins for ARDS should evaluate their role in 
ARDS subphenotypes, including cardiopulmonary ARDS.

KEY WORDS: acute respiratory distress syndrome; mechanical ventilation; 
meta-analysis; oxygenation; prostacyclin; pulmonary vasodilator

Acute respiratory distress syndrome (ARDS) is an acute inflamma-
tory process that damages alveoli and precipitates hypoxic respiratory 
failure. Initial management should be aimed at treating the underlying 

cause of ARDS to minimize ongoing injury (1–3). Nonpharmacologic treat-
ment strategies such as lung-protective ventilation, minimizing inflation pres-
sures, and use of early prone positioning have resulted in the greatest mortality 
benefit in patients with ARDS. Use of higher positive end-expiratory pressure 
(PEEP) and conservative fluid management have been associated with better 
oxygenation and a higher number of ventilator-free days, respectively (1, 2).
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With the exception of neuromuscular blocking agents, 
pharmacologic agents, either as adjuncts or rescue 
therapies have not demonstrated mortality benefit to 
patients (4–6). Inhaled pulmonary vasodilators are se-
lectively delivered to the ventilated part of the lung and 
thought to provide benefit in ARDS by improving Pao2, 
pulmonary vascular resistance, ventilation-perfusion 
mismatch, right ventricle (RV) dysfunction, and pul-
monary artery pressures (7, 8). The two most frequently 
studied and prescribed inhaled pulmonary vasodilators 
are inhaled nitric oxide and inhaled epoprostenol, a 
prostacyclin (9). Although there are limited compara-
tive studies, inhaled nitric oxide and inhaled prostacy-
clins are accepted as interchangeable in clinical practice, 
with similar clinical outcomes and inhaled epoprostenol 
often favored due to decreased cost (9–11).

Data evaluating inhaled prostacyclins has been pri-
marily observational and low quality demonstrating 
transient improvements in oxygenation without sus-
tained clinical improvements resulting in decreased 
duration of mechanical ventilation or mortality (12, 
13). Given the renewed interest in inhaled prostacy-
clins due to the COVID-19 pandemic and increased 
prevalence of ARDS cases, we sought to complete a 
systematic review and meta-analysis including this 
new data to evaluate patients with ARDS receiving 
inhaled pulmonary prostacyclins. We hypothesized 
that inhaled prostacyclins would improve oxygenation 
and pulmonary artery pressures from baseline.

MATERIALS AND METHODS

Data Sources

A systematic search of existing, relevant literature was 
performed by the authors, including an experienced 
medical information specialist, in the databases Medline, 
Embase, Web of Science, Scopus, Cumulative Index to 
Nursing and Allied Health Literature, and Cochrane. 
The databases were searched from inception to January 
26, 2023. Three elements were used in the search strate-
gies: adult respiratory distress syndrome, prostaglandin/
prostacyclin, and no case reports. These three elements 
were searched using controlled vocabulary, when avail-
able in the databases, and text word searching to obtain 
results from PubMed and “text word only” databases. 
The complete search strategy can be found in the sup-
plementary material (Table S1, http://links.lww.com/
CCX/B205). The articles were imported in the reference 
software Endnote and then exported to the systematic 
review management software Covidence and checked 
for duplicates. Our systematic review and meta-analy-
sis is registered in International Prospective Register of 
Systematic Reviews (CRD42021278376). The system-
atic review is reported per the 2020 Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guide-
lines (Table S2, http://links.lww.com/CCX/B205).

Study Selection

The titles/abstracts of identified studies were screened for 
full-text review by two independent study investigators 
(H.T., A.S.). Studies, regardless of published language, 
were included for full-text review if they evaluated the use 
of inhaled prostacyclins in patients greater than or equal 
to 18 years old with ARDS. Full-text studies and abstracts 
were then independently reviewed by two study investiga-
tors (H.T., A.S.). Studies were included in the meta-analysis 
if they reported baseline and post-prostacyclin Pao2/Fio2 
ratio in adult patients with ARDS according to any ARDS 
definition in any published language and study design. No 
restrictions were placed on type/duration of inhaled pros-
tacyclin evaluated. We excluded case reports and studies 
missing statistical data required to run the meta-analysis 
and case reports, which included fewer than 10 patients.

Data Extraction

Relevant information from each study was selected 
and entered into a database in duplicate by two 

 
KEY POINTS

Question: The purpose of this systematic review 
and meta-analysis was to evaluate the change in 
the Pao2/Fio2 ratio after administration of an inhaled 
prostacyclin in patients with acute respiratory dis-
tress syndrome (ARDS).

Findings: In patients with ARDS, inhaled pros-
tacyclins improve the Pao2/Fio2 ratio, Pao2, and 
mean pulmonary artery pressure compared with 
baseline.

Meaning: In patients with ARDS, use of inhaled 
prostacyclins improves oxygenation and reduces 
pulmonary artery pressures, but overall data are 
limited and of low quality with significant heteroge-
neity among studies.
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independent investigators (H.T., A.S.). We collected 
important study characteristics including study de-
sign, sample size, study location, inclusion and ex-
clusion criteria, and methodology. We also extracted 
data for all predefined endpoints of interest including 
change in Pao2/Fio2 ratio (primary outcome), change 
in Pao2, and change in mean pulmonary artery pres-
sure (mPAP). We chose change in Pao2/Fio2 ratio as 
the primary outcome, as it is the most common pri-
mary outcome used in observational studies (12, 13). 
Additionally, we extracted mortality, duration of me-
chanical ventilation, hospital and ICU length of stay, 
and adverse effects from all studies reporting these 
outcomes.

Risk of Bias and Quality Assessment

The Cochrane Risk of Bias 2 tool (14) was used for 
each randomized trial to evaluate the methodology for 
randomization, concealment, blinding, completeness 
of data, and selection outcome reporting. Each of these 
domains were assessed for low risk of bias, high risk 
of bias, or some concerns. The Cochrane Risk of Bias 
in Non-Randomized Studies of Interventions tool (15) 
was used for each nonrandomized trial to evaluate the 
methodology for confounding, patient selection, inter-
ventions, missing data, outcome measurements, and 
reported results. Each of these domains was assessed 
for low, moderate, serious, or critical risk of bias. Two 
independent authors (H.T., A.S.) assessed the meth-
odological quality of articles. Based upon study design 
and methodological quality each individual study re-
ceived an overall risk of bias according to the appro-
priate Cochrane Risk of Bias tool.

The two independent authors (H.T., A.S.) also 
used the Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) framework 
(16) to evaluate the quality of evidence included in our 
pooled analysis across the domains of risk of bias, in-
consistency, indirectness, imprecision, and publication 
bias and overall quality of evidence was assigned to 
outcomes of interest after consensus between the two 
reviewing authors.

Statistical Analysis

RevMan 5.3 (Cochrane Review Manager Software; 
Nordic Cochrane Center, Copenhagen, Denmark) was 
used to pool data and the DerSimonian-Laird methods 

for random effects models (17) were applied. Mean 
differences (MDs) were calculated for continuous out-
comes, with 95% CIs. The Mantel-Haenszel χ2 statistic 
was used to assess for heterogeneity between studies, 
where p value of less than 0.01 indicated significant 
heterogeneity, and the I2 statistic, where I2 greater than 
75% indicated significant heterogeneity. We were un-
able to assess for publication bias by using a funnel plot 
or other statistical methods due to the number of stud-
ies included in our meta-analysis (18).

RESULTS

Study Selection

Our search strategy identified 6,339 possible refer-
ences for inclusion in our analysis. After the removal 
of duplicate references, 4,517 references were avail-
able for screening. Ultimately, we identified 23 studies 
(10, 19–40) that met our inclusion criteria (Fig. 1; and 
Table S3, http://links.lww.com/CCX/B205).

Study Description

Characteristics of the included studies are listed in 
Table S4 (http://links.lww.com/CCX/B205). Of the 23 
included studies, seven were prospective studies and 16 
were retrospective chart reviews. A total of 1,658 patients 
with ARDS were included in the 23 studies. Of the 23 
included studies, six studies evaluated inhaled prosta-
cyclin therapy in patients with COVID-19 ARDS (33, 
35–38, 40). Inhaled epoprostenol was evaluated in 19 
studies (10, 19, 21–25, 28–36, 38–40), inhaled alprosta-
dil was evaluated in three studies (20, 22, 27), and 
inhaled iloprost was evaluated in two studies (26, 37). 
There was variability in dosing strategies and duration 
of therapy. Pao2 was reported in eight studies (19–22, 
26, 31, 33, 40) and mPAP was reported in three stud-
ies (19–21). The mean baseline Pao2/Fio2 ratio for the 
included patients was 90.50 ± 41.46 (n = 1,658) and the 
mean Acute Physiology and Chronic Health Evaluation 
II score was 31.35 ± 28.97 (n = 809). The mean duration 
of therapy was 3.86 ± 6.47 days (n = 798). The change in 
the Pao2/Fio2 ratio over time is reported in Figure S1 
(http://links.lww.com/CCX/B205).

Risk of Bias and Study Quality

Risk of bias of the included studies was determined 
using the appropriate Cochrane Risk of Bias tool (14, 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart. 
CINAHL = Cumulative Index to Nursing and Allied Health Literature.

15) and listed in Tables S5 and S6 (http://links.lww.
com/CCX/B205). Of the included studies, only seven 
were prospective studies (19–21, 23, 26, 27, 37) and 
only one trial used blinding (27). Overall, there was 
high risk of bias across all included trials based on 
their methodology, concern for confounders, and data 
analyses. A total of three studies (n = 51) were rated as 
low overall risk of bias (19, 21, 26) and only one study 
(n = 15) was rated as overall moderate risk of bias (20), 
with the remainder of the studies rated with overall se-
rious risk of bias.

Quality of the evidence for outcomes of interest 
was determined using the GRADE assessment tool 
(16) and listed in Table S7 (http://links.lww.com/
CCX/B205). All three outcomes of interest were 

rated as having very low 
quality evidence to sup-
port findings.

Outcomes

Inhaled prostacyclins may 
improve the Pao2/Fio2 ratio 
from baseline (MD, 40.35; 
95% CI, 26.14–54.56 mm 
Hg; p < 0.00001; I2 = 95%) in 
patients with ARDS (Fig. 2). 
The use of inhaled prostacy-
clins may also increase Pao2 
from baseline (MD, 12.68; 
95% CI, 2.89–24.48 mm Hg; 
p = 0.01; I2 = 96%) (Fig. 3). 
Finally, inhaled prostacy-
clins may decrease mPAP 
from baseline (MD, –3.67; 
95% CI, –5.04 to –2.31 mm 
Hg; p < 0.00001; I2 = 68%) 
(Fig. 4). The Pao2/Fio2 ratio 
was also evaluated sepa-
rately in non-COVID-19 
ARDS (Fig. S2, http://links.
lww.com/CCX/B205) and 
COVID-19 ARDS (Fig. 
S3, http://links.lww.com/
CCX/B205). Inhaled pros-
tacyclins may improve the 
Pao2/Fio2 ratio from base-
line in both patients with 
non-COVID-19 ARDS 

(MD, 33.83; 95% CI, 30.48–37.18 mm Hg; p < 0.00001; 
I2 = 95%) and COVID-19 ARDS (MD, 19.45; 95% CI, 
11.06–27.84 mm Hg; p < 0.00001; I2 = 90%).

Mortality was reported in 20 studies for an overall 
mortality rate of 56.2% (906/1,612 patients). Duration 
of mechanical ventilation was reported in 10 studies 
(861 patients) with a mean duration of 14.85 ± 16.47 
days. Hospital length of stay was reported in six 
studies (416 patients) with a mean length of stay of 
20.45 ± 16.07 days and ICU length of stay was reported 
in eight studies (552 patients) with a mean length of 
stay of 18.51 ± 16.35 days. Adverse effects were re-
ported in 11 studies with low rates of tachycardia, 
hypotension, thrombocytopenia, and need for RBC 
transfusions (10, 25–27, 29–34, 37).

http://links.lww.com/CCX/B205
http://links.lww.com/CCX/B205
http://links.lww.com/CCX/B205
http://links.lww.com/CCX/B205
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DISCUSSION

In this meta-analysis, we found that inhaled pros-
tacyclins improve oxygenation and pulmonary ar-
tery pressures in patients with ARDS, as assessed by 
improvements in the Pao2/Fio2 ratio, Pao2, and mPAP. 
This is the first meta-analysis to evaluate inhaled 
prostacyclins in patients with both non-COVID-19 
and COVID-19-related ARDS and the largest meta-
analysis evaluating these therapies to date. Previous 

meta-analyses also found inhaled prostacyclins to im-
prove oxygenation and pulmonary artery pressures 
and agreed that the data evaluating these therapies is 
limited and of low quality (12, 13).

Despite demonstrating consistent improvements 
in oxygenation in published literature, these improve-
ments have been transient and have not resulted in 
decreased clinical outcomes like hospital length of stay, 
need for mechanical ventilation, and mortality (12, 13). 
Available literature evaluating inhaled prostacyclins in 

Figure 3. Effect of prostacyclins on Pao2. df = degrees of freedom.

Figure 2. Effect of prostacyclins on Pao2/Fio2 ratio. df = degrees of freedom.

Figure 4. Effect of prostacyclins on mean pulmonary artery pressure. df = degrees of freedom.
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ARDS is primarily single-center and observational, 
which limits the generalizability of the results and 
often does not appropriately control for interventions, 
which may confound the results of the study. In one 
of the largest studies included in our meta-analysis 
by Pacheco et al (28), 216 ARDS patients received 
inhaled epoprostenol. The authors found a statistically 
significant increase in the Pao2/Fio2 ratio from base-
line to the time of inhaled epoprostenol discontinua-
tion, but mortality remained high in this study at 63%. 
Interestingly, patients who had a more robust response 
to inhaled epoprostenol therapy were more likely to 
survive, potentially offering insight into a patient pop-
ulation that may be more likely to benefit from inhaled 
epoprostenol therapy. Kallet et al (31) further investi-
gated the response to inhaled epoprostenol and found 
60% of patients with severe ARDS had improvements 
in oxygenation with administration of inhaled epo-
prostenol. Higher baseline Pao2/Fio2 ratio, increasing 
lung compliance, and trauma as the ARDS etiology 
were associated with a better response to inhaled epo-
prostenol therapy. This further supports the proposed 
mechanism of benefit for inhaled prostacyclins in 
ARDS with their benefit relying on higher functional 
residual capacity and greater lung surface area being 
oxygenated. Therefore, the benefit of inhaled pulmo-
nary vasodilators is likely limited in patients with low 
functional residual capacity not receiving high PEEP, 
recruitment maneuvers, or prone positioning.

As Kallet et al (31) demonstrated the majority of 
ARDS patients treated with inhaled prostacyclins are 
likely to experience transient benefits in oxygenation, 
but there may be ARDS subphenotypes more likely 
to respond to and experience most sustained benefit 
from inhaled prostacyclins. We included three stud-
ies in our meta-analysis that evaluated the impact of 
inhaled prostacyclins on mPAP and demonstrated a 
decrease in patients who received inhaled prostacy-
clins (19–21). Additionally, Walmrath et al (19) and 
Domenighetti et al (21) also reported improvements in 
pulmonary vascular resistance in patients with ARDS 
who received inhaled prostacyclins suggesting that 
patients with subphenotypes with cardiopulmonary 
involvement including RV dysfunction, acute cor pul-
monale, or underlying cardiopulmonary comorbidi-
ties may also benefit from inhaled prostacyclins.

Although inhaled prostacyclins are local thera-
pies and should have limited systemic effects, adverse 

effects can occur. The most common adverse effects 
include hypotension, thrombocytopenia, bleeding, re-
bound hypoxemia, and bronchospasm (8). The meta-
analysis by Fuller et al (12) found adverse effects to be 
inconsistently reported across studies. Adverse effects 
reported across included studies were thrombocyto-
penia, anemia, transfusion requirements, and hypo-
tension. The rates of hypotension were vastly different 
between prospective studies and retrospective studies 
(0.69% vs 17.4%, respectively) and the high rates of hy-
potension in retrospective studies should be cautiously 
interpreted due to the likelihood of confounders.

Our systematic review and meta-analysis has a few 
limitations. First, we did not contact authors for stud-
ies that did not report changes in Pao2 and mPAP and 
the meta-analysis was done using pooled data and not 
individual patient data. Additionally, 70% of the in-
cluded studies were retrospective and we were unable 
to account for the many confounders that may exist in 
these studies. There was observed heterogeneity across 
studies, which could not be accounted for in our meta-
analysis due to missing data related to medication dose 
response and timing, ARDS severity stratification, and 
use of adjunctive agents. We did not stratify results 
based on risk of bias level to further evaluate hetero-
geneity, but only 66 of 1,658 patients included in the 
meta-analysis were evaluated in a low-moderate risk 
of bias study. Additionally, changes in practice and 
ARDS management over time could have also im-
pacted outcomes. Overall, the quality of evidence from 
the included studies was low with many risks of biases. 
Despite these limitations, our meta-analysis has many 
strengths compared with prior meta-analyses. First, we 
completed a thorough literature search to identify ap-
plicable trials and this is the largest meta-analysis to 
date including the greatest number of patients with 
ARDS. We also included patients with ARDS pre- 
and during the COVID-19 pandemic and patients 
with cardiopulmonary ARDS in an attempt to iden-
tify ARDS subphenotypes, which may benefit from 
inhaled prostacyclins.

It is clear that nonpharmacologic interventions like 
lung-protective ventilation, optimal titration of PEEP, 
prone positioning, and conservative fluid manage-
ment should be implemented in patients with ARDS 
(1, 2). To date, ARDS guidelines do not mention the 
use of inhaled prostacyclins, even as an adjunct, rescue 
therapy (2). Use of inhaled prostacyclins help improve 
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oxygenation in hypoxemic patients, but this does not 
translate into long-term benefits. Therefore, inhaled 
prostacyclins should not be used as a frontline adjunc-
tive therapy in all patients, but rather a case-by-case 
evaluation by clinicians should be conducted to assess 
whether inhaled prostacyclins are physiologically indi-
cated. Future studies should evaluate homogenous pa-
tient populations, dose response and timing of inhaled 
prostacyclins, consider more clinically meaningful out-
comes, and account for confounders to better clarify 
the role of inhaled prostacyclin therapy in ARDS.

CONCLUSIONS

In patients with ARDS, use of inhaled prostacyclins 
improves oxygenation and reduces pulmonary artery 
pressures. Overall, data are limited and of low quality 
with significant heterogeneity among studies. Future 
studies evaluating inhaled prostacyclins for ARDS 
should evaluate dose response and their role in ARDS 
subphenotypes, including cardiopulmonary ARDS, to 
better understand their role in ARDS.
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