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Abstract

Introduction: Inhaled pulmonary vasodilators (IPVD) have been previously studied in patients with non-coronavirus disease-19
(COVID-19) related acute respiratory distress syndrome (ARDS). The use of IPYD has been shown to improve the partial pres-
sure of oxygen in arterial blood (PaO,), reduce fraction of inspired oxygen (FiO,) requirements, and ultimately increase PaO,/
FiO, (P/F) ratios in ARDS patients. However, the role of IPVD in COVID-19 ARDS is still unclear. Therefore, we performed this
meta-analysis to evaluate the role of IPVD in COVID-19 patients. Methods: Comprehensive literature search of PubMed,
Embase, Web of Science and Cochrane Library databases from inception through April 22, 2022 was performed for all published
studies that utilized IPVD in COVID-19 ARDS patients. The single arm studies and case series were combined for a |-arm meta-
analysis, and the 2-arm studies were combined for a 2-arm meta-analysis. Primary outcomes for the |-arm and 2-arm meta-ana-
lyzes were change in pre- and post-IPVD P/F ratios and mortality, respectively. Secondary outcomes for the |-arm meta-analysis
were change in pre- and post-IPVD positive end-expiratory pressure (PEEP) and lung compliance, and for the 2-arm meta-analysis
the secondary outcomes were need for endotracheal intubation and hospital length of stay (LOS). Results: |3 single arm ret-
rospective studies and 5 case series involving 613 patients were included in the |-arm meta-analysis. 3 studies involving 640
patients were included in the 2-arm meta-analysis. The pre-IPVD P/F ratios were significantly lower compared to post-IPVD,
but there was no significant difference between pre- and post-IPYD PEEP and lung compliance. The mortality rates, need for
endotracheal intubation, and hospital LOS were similar between the IPVD and standard therapy groups. Conclusion:
Although IPVD may improve oxygenation, our investigation showed no benefits in terms of mortality compared to standard ther-
apy alone. However, randomized controlled trials are warranted to validate our findings.
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Introduction

Coronavirus disease 2019 (COVID-19), is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus, which was first discovered in December 2019, and has
become a worldwide pandemic causing significant morbidity
and mortality."? Acute respiratory distress syndrome (ARDS)
due to viral pneumonitis is one of the leading causes of mortal-
ity among patients with COVID-19 infection.> ARDS occurs in
33% of hospitalized patients with COVID-19 and the average
mortality rate among COVID-19 patients with ARDS is 39%
(ranging from 13% to 73%).’

ARDS is an inflammatory process that is associated with
decreased lung compliance, severe hypoxemia and increased
pulmonary shunting causing ventilation-perfusion (V/Q) mis-
match.* The pathophysiology of ARDS includes diffuse alveo-
lar damage, leaky alveolar capillaries, pulmonary edema and

WHO group 3 pulmonary hypertension.*> ARDS causes
decreased partial pressure of oxygen in arterial blood (PaO,)
and leads to increased requirements of fraction of inspired
oxygen (FiO,) and positive end-expiratory pressure (PEEP),
causing decreased PaO,/FiO, (P/F) ratios.* Santamarina et al®
showed that COVID-19 leads to severe V/Q mismatch, as
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ground-glass opacities and consolidations lead to high perfu-
sion in poorly ventilated regions. Also, well ventilated areas
of the lungs can suffer reduced perfusion due to endothelial dys-
function and vasculitis.” Inhaled pulmonary vasodilators
(IPVD) diffuse across the alveolar membrane and cause local
dilation in pulmonary vasculature in the well-ventilated
regions of the lungs, which improves blood flow to these ade-
quately ventilated areas.® Prone positioning similarly improves
ventilation and oxygenation in the dorsal areas of the lungs and
reduces intrapulmonary shunting, and improving V/Q
mismatch.”

Historically, in non-COVID-19 ARDS patients, IPVD have
shown benefits in terms of improved oxygenation, but they
have not improved mortality or reduced need for or length of
mechanical ventilation.'™'" This is likely related to the fact
that mortality in ARDS patients with pneumonia usually
occurs later in the clinical course and is more closely linked
to the worsening systemic effects of infection and sepsis syn-
drome.'? However, the use of IPVD for COVID-19 ARDS
patients is a recent occurrence, and there are studies looking
at the role of IPVD compared to standard therapy alone.'*'
Data regarding the role of IPVD in COVID-19 ARDS is still
unclear. Therefore, we performed this meta-analysis to evaluate
the effect of IPVD on the clinical outcomes of patients with
COVID-19 ARDS.

Methods
Data Sources and Search Strategy

We performed a comprehensive search for published studies
indexed in PubMed/MEDLINE, EMBASE, Web of Science
and the Cochrane Central Register of Controlled Trials from
inception to April 22, 2022. We also performed a manual
search for additional relevant studies using references of the
included articles. The following search terms were used:
(“inhaled vasodilators” or “nitric oxide” or “epoprostenol” or
“iloprost” or “milrinone” or “prostacyclin”), (“acute respiratory
distress” or ‘“mechanically ventilated” or “intubated” or
“ARDS” or “high flow oxygen” or “HFNC”), and (“COVID”
or “COVID-19”). The search was not limited by language,
study design, or country of origin. Supplementary Table 1
describes the full search terms used in each database searched.

Inclusion and Exclusion Criteria

All single arm studies and case series would be included in the
I-arm meta-analysis. The studies included in the 1-arm meta-
analysis were all peer-reviewed studies with patients treated
with IPVD without an untreated control group for comparison
and reported one of the following outcomes: pre- and
post-IPVD P/F ratios, pre- and post-IPVD PEEP, or pre- and
post-IPVD lung compliance were eligible for inclusion.

All 2-arm studies would be included in the 2-arm meta-
analysis. These were all peer-reviewed studies that compared
the use of IPVD to standard care alone and reported one of

the following outcomes: mortality, need for endotracheal intu-
bation, or hospital length of stay (LOS) were eligible for inclu-
sion. The patients in the standard therapy cohort should not
have been exposed to IPVD. We excluded any study or case
series with less than 10 patients, case reports, reviews, abstracts,
and preprint studies.

Data Extraction

The following data were extracted from the studies: first author
name, publication year, country of origin, study design, sample
size, gender of patients, mean age, and type of IPVD used. We
also obtained inclusion criteria in each study, respiratory
support at the time of IPVD initiation, and the number of patients
undergoing prone positioning. We also obtained the study spe-
cific criteria for positive response to IPVD. Outcomes measures
were also retrieved. For the studies in 1-arm meta-analysis, pre-
and post-IPVD P/F ratios, pre- and post-IPVD PEEP, and pre-
and post-IPVD lung compliance were extracted. For the 2-arm
meta-analysis, mortality, need for endotracheal intubation, and
hospital LOS were extracted. We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyzes
(PRISMA) Statement guidelines to select the final studies.
Two investigators (WK and SEM) independently performed
the search and shortlisted the studies for final review.
Discrepancies were resolved by a third reviewer (AB).

Outcomes

The primary outcome of the 1-arm meta-analysis was change in
P/F ratios post-IPVD. Secondary outcomes were change in
PEEP and lung compliance post-IPVD.

The primary outcome of the 2-arm meta-analysis was mor-
tality. The secondary outcomes were the need for endotracheal
intubation and hospital LOS.

Statistical Analysis

We performed a meta-analysis of the included studies using
Review Manager 5.3 (Cochrane Collaboration, Copenhagen,
The Nordic Cochrane Centre), OpenMeta (CEBM, Providence,
USA), and Comprehensive Meta-Analysis (Biostat, Englewood,
USA). The random-effects model was used to calculate the
pooled risk ratio (RR) and mean difference (MD) with the corre-
sponding confidence intervals (CI) for proportional and continu-
ous variables, respectively. A P-value <.05 was considered
statistically significant. The heterogeneity of the effect size esti-
mates across the studies was quantified using the Q statistic and
I> (P<.10 was considered significant). A value of I of 0-25%
indicates significant homogeneity, 26-50% low homogeneity,
and >50% indicates heterogeneity.'

Sensitivity and Subgroup Analyses

To confirm the robustness of the results, sensitivity analysis for
the outcome of pre- and post-IPVD P/F ratios was performed
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Figure |. PRISMA flow diagram for the selection of studies.

using a leave-one-out meta-analysis to see if it had a significant
influence on the results. Subgroup analysis was performed for
the studies in the 1-arm meta-analysis based on type of IPVD
used (epoprostenol (EPO) versus nitric oxide (NO)) for the
outcome of pre- and post-IPVD P/F ratios.

For patients that received IPVD, a subgroup analysis was
also performed comparing IPVD responder to non-responders
in order to determine if there was a significant difference in
baseline P/F ratios, mortality, and need for endotracheal intuba-
tion. For this analysis, we only considered studies that provided
stratified data for both responders and non-responders and had a
clear definition for study specific adequate response to IPVD
treatment.

Bias Assessment

We assessed the quality of the included studies using the
Newcastle-Ottawa Scale (NOS) for observational studies and

the JBI critical appraisal tool for case series.'®'” Two authors
(WK and SEM) independently assessed each study for bias.
Discrepancies were resolved by a third reviewer (AB).
Publication bias was assessed for pre- & post- [IPVD P/F
ratios qualitatively by visualizing the funnel plot and quanti-
tively using Egger’s regression analysis. A P-value was gener-
ated using the Egger analysis, and a value of <.05 was
associated with significant publication bias.

Results
Study Selection

A total of 5503 studies were retrieved by our search strategy.
4721 studies were excluded based on the title and abstract
review. A total of 782 studies underwent full-length review.
Subsequently, we excluded 761 studies because of the follow-
ing: 317 studies used interventions not involved in our study
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Table 3. Primary and Secondary Outcomes of the Included Studies in the |-arm Meta-Analysis.

P/F ratio (mm Hg)

PEEP (cmH,0) Lung compliance (ml/cmH,0)

Study, year Pre-IPVD (SD)  Post-IPVD (SD)  Pre-IPVD (SD)  Post-IPVD (SD)  Pre-IPVD (SD)  Post-IPVD (SD)
Abou-Arab 2020 96.4 (55.4) 134.1 (50.9) 11.8 (4) 12.1 (4.1) 27.4 (10.4) 29.6 (9.5)
Bagate 2020 109 (38.7) 126.2 (32.7) NR NR NR NR
Bonizzoli 2022 67 (26) 83 (42) () Q) NR NR
Cardinale 2020 89.5 (12) 94.4 (13.6) NR NR NR NR
Chiles 2022 93 (45.8) 87.8 (44.3) NR NR NR NR
DeGrado 2020- EPO 130 (49) 138 (56) 15 (3) 153 32 (10) 35 (15)
DeGrado 2020- NO 119 (51) 133 (48) 16 (3) 16 (3) NR NR
Ferrari 2020 81 (19) 84 (22) NR NR NR NR
Garfield 2021 102 (29.3) 130.5 (41.3) NR NR NR NR
Imtiaz 2021 95.9 (42) 119 (51) 13.7 3.3) 15.1 (4.1) NR NR
Laghlam 2021 146 (48) 185 (76) NR NR 25.7 (6.2) 25 (5.9)
Li 2020 87.7 (30.5) 120.4 (57.1) 15.1 (3.9) 16.2 (3) 26.6 (8.8) 25.1 (7.2)
Longobardo 2020 98.8 (29.2) 142.7 (116.6) NR NR NR NR
Lubinsky 2022- NO 93.7 (59.7) 89.6 (55.7) NR NR NR NR
Lubinsky 2022- EPO 68 (65) 64.6 (32.2) NR NR NR NR

Niss 2022 72 (26) 89 (26) NR NR NR NR

Sonti 2021 96.2 (36.2) 110.6 (48.3) NR NR NR NR
Tavazzi 2020 87.3 (38.3) 882 (32.2) 12.6 (4.1) 12.6 (4.1) NR NR
Vogel 2021 87 (12) 110.3 (4.4) NR NR NR NR
Ziehr 2021 126.1 (76.3) 174 (62.9) NR NR NR NR

Abbreviations: EPO, Epoprostenol; IPVD, Inhaled Pulmonary Vasodilators; NO, Nitric Oxide; NR, Not Reported; P/F, PaO,/FiO,; PEEP, Positive End-Expiratory

Pressure; SD, Standard Deviation.

question, 261 studies used inappropriate study groups or patient
populations, 171 studies did not report appropriate outcomes of
interest, and 12 studies did not have adequate population size.

Eventually, 18 studies were included in the 1-arm meta-
analysis (13 single arm retrospective studies'®=>° and 5 case
series®' ) and three studies'>*'**® in the 2-arm meta-analysis.
Figure 1 shows the PRISMA flow chart that illustrates how the
final studies were selected.

Study Characteristics

Tables 1 and 2 show the baseline characteristics of the studies
included in the 1-arm and 2-arm meta-analyzes, respectively.
All the studies were published between March 2020 and
February 2022 and included COVID-19 patients confirmed
by laboratory testing or imaging. Based on country of origin
for the studies in the l-arm analysis: 10 studies were
European (4 from France, 3 from Italy, 3 from the United
Kingdom) and 8 were conducted in the United States of
America. For the 2-arm studies, 2 were conducted in the
United States of America and 1 was conducted in the United
Kingdom. All 13 single arm studies were retrospective and
were pooled with data from 5 case series. For the 2 arm
studies, all 3 studies were retrospective cohort.

A total of 613 patients were included in the 1-arm meta-
analysis, with males representing 68% of the total patients,
with mean age being 60.5 years. A total of 640 patients were
included in the 2-arm meta-analysis, with males representing
64.5% of the total patients. The mean age of the patients in

the IPVD group was 58.0 years, and 58.7 years in the standard
therapy group.

[-arm Meta-Analysis

Table 3 summarizes the outcomes of the individual studies
included in the 1-arm meta-analysis. All 18 studies reported
pre- and post-IPVD P/F ratios of the patients involved. The
pre-IPVD P/F ratios were significantly lower compared to the
post-IPVD P/F ratios (MD —14.86 mm Hg; 95% CI
—20.57.46, —9.14; P=<.00001, I*=44%, Figure 2A). A
leave-one-out sensitivity analysis showed consistent results
(Supplementary Figure 1). A subgroup analysis based on type
of IPVD used (EPO vs NO) similarly showed significantly
lower pre-IPVD P/F ratios for both the EPO and NO subgroups
(Figure 3).

Six studies'®%!23-28:3234 reported pre- and post-IPVD PEEP.
There was no significant difference between the pre- and
post-IPVD PEEP (MD —0.36 cmH,0; 95% CI —1.06, 0.34; P
=31, = 0%, Figure 2B).

Four studies'®?!?>% reported pre- and post-IPVD lung
compliance. There was no significant difference between the
pre- and post-IPVD lung compliance (MD —0.02 ml/cmH,O0;
95% CI —2.36, 2.31; P=.98, I* = 0%, Figure 2C).

2-arm Meta-Analysis

Table 4 summarizes the outcomes of the individual studies
included in the 2-arm meta-analysis. All 3 studies reported
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Before IPVD After IPVD Mean Difference Mean Difference
A) Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Abou-Arab 2020 964 554 34 13417 5089 34 38% -377016299,-1241)
Bagate 2020 108 387 10 1262 327 10 27% -17.20[-4860,14.20] s==———r—
Bonizoli 2022 67 26 12 a3 42 12 33% -16.00[-43.95,11.99) —1
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Figure 2. Forest plots for |-arm meta-analysis: (A) pre- and post-IPVD PaO2/FiO2 ratios, (B) pre- and post-IPVD positive end-expiratory
pressure, (C) pre- and post-IPVD lung compliance.

mortality rate. The mortality rate was 36% in the IPVD group
compared to 51% in the standard therapy group. There was
no significant difference in the mortality rate between the two
groups (RR 0.78, 95% CI 0.58-1.04, P=.09, *=29%,
Figure 4A).

Across the two studies ™"~ that reported the intubation rate; 52%
of patients who received IPVD required intubation compared to
45% in patients who received standard therapy. The need for endo-
tracheal intubation was similar between two groups (RR 0.93, 76%
CI10.61-1.42, P= 75, I> = 76%, Figure 4B).

Two studies'*'* reported the hospital LOS, which was sig-
nificantly higher in standard therapy group compared to IPVD

13,14

group (MD 5.45 days; 95% CI 1.64, 9.25; P=.005, IZ=0%,
Figure 4C).

Responder vs. Non-responder Analysis

Table 5 summarizes the outcomes of the responder versus
non-responder subgroup analysis. Seven studies'**'%20-23:27
specifically looked at IPVD responders and non-responders.
Baseline P/F ratios were significantly lower in the
IPVD responder group compared to non-responders (MD
—-24.57 mm Hg; 95% CI —38.11-11.02; P=.0004, I’=
39%, Figure 5A).
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Figure 3. Subgroup analysis based on type of IPVD for studies in the |-arm meta-analysis in regards pre- and post-IPVD PaO2/FiO2 ratios.

Table 4. Primary and Secondary Outcomes of the Included Studies in the 2-arm Meta-Analysis.

Mortality Need for endotracheal intubation Hospital length of stay (Days)
Study, year IPVD (%) Standard therapy (%) IPVD (%) Standard therapy (%) IPVD (SD) Standard therapy (SD)
Chandel 2021 12 (18.2) 36 (17.5) 29 (43.9) 79 (38.3) 20.7 (15.2) 15.1 (8.2)
Kataria 2022 13 (43.3) 14 (46.7) 21 (70) 27 (90) 38.1 (57.8) 43 (66.4)
Matthews 2022 31 (52.5) 199 (79.9) NR NR NR NR

Abbreviations: IPVD, Inhaled Pulmonary Vasodilators; NR, Not Reported; SD, Standard Deviation.

Mortality (RR 0.83, 95% CI 0.52-1.33, P= .44, I*=47%,
Figure 5B) and need for endotracheal intubation (RR 0.80,
95% CI 0.41-1.56, P=.52, I*=65%, Figure 5C) were similar
for both IPVD responders and non-responders.

Quality and Publication Bias Assessment

Quality assessment scoring of the included single arm and
2-arm observational studies was performed using the NOS for
assessing nonrandomized studies, and the scores are summa-
rized in Supplementary Table 2. JBI critical appraisal tool
was used to assess the quality of the case series, and the
results are summarized in Supplementary Table 3. All the
included studies were of high quality. The funnel plot

evaluating the studies in the 1-arm meta-analysis in regards to
pre- and post-IPVD P/F ratios did not demonstrate statistically
significant publication bias based on the Egger’s regression (P
=.42) (Supplementary Figure 2).

Discussion

This is the first meta-analysis looking at IPVD in COVID-19
ARDS. Although the P/F ratios did improve with IPVD, as
noted in the 1-arm meta-analysis, there was no benefits noted
in terms of mortality and need for endotracheal intubation in
the 2-arm meta-analysis. Even in patients that responded to
IPVD adequately, we found no significant difference in mortal-
ity and need for endotracheal intubation.
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Figure 4. Forest plots for 2-arm meta-analysis comparing IPVDs to standard therapy: (A) mortality, (B) need for endotracheal intubation, (C)

hospital length of stay.

Table 5. Outcomes of the Responder Versus non-Responder Subgroup Analysis.

Baseline P/F ratios (mm Hg)

Mortality Need for endotracheal intubation

Study, year Responders (SD) Non-responders (SD) Responders (%) Non-responders (%) Responders (%) Non-responders (%)
Abou-Arab 2020 78.3 (29.3) 129.6 (75.5) 8 (36.4) 5(41.7) NR NR

Chiles 2022 NR NR 10 (31.3) 3 (16.7) 18 (56.3) 9 (50)
DeGrado 2020 NR NR 9 (56.3) 10 (45.5) NR NR

Garfield 2021 90.8 (21) 126 (33) NR NR NR NR

Kataria 2022 NR NR 3(21.4) 10 (62.5) 7 (50) 14 (87.5)

Li 2020 83.2 (26.7) 92.5 (32.5) 14 (51.9) 13 (81.3) NR NR

Sonti 2021 86.4 (26.9) 109.5 (39.2) NR NR NR NR

Abbreviations: NR, Not Reported; P/F, PaO,/FiO,; SD, Standard Deviation.

IPVD, especially NO, have been studied in ARDS patient
before the COVID-19 pandemic.’® As a result, there are
many RCTs that have investigated their use in
non-COVID-19 patients, outcomes of these studies show that
inhaled NO (iNO) improves P/F ratios and oxygenation, but
does not significantly reduce mortality or need for mechanical
ventilation.''*” Recent trials regarding COVID-19 ARDS and
IPVD even showed no significant improvement in oxygena-
tion.?"*> IPVD, especially NO, are expensive and their use
has not shown much benefit historically, as a meta-analysis
by Adhikari et al*® involving non-COVID-19 patients treated

with iNO, commented on lack of mortality benefits. The use
of IPVD in COVID-19 ARDS has also become a common prac-
tice, without concrete data supporting [IPVD use. A recent sys-
tematic review of studies using iNO in COVID-19 patients
commented that most studies in literature do not comment on
mortality.*

Chandel et al'* published the first comparative study
between IPVD and standard therapy in COVID-19 ARDS
patients and showed no morality benefits in using IPVD. All
the while, multiple studies showed an increase in P/F ratios
and an improvement in oxygenation after IPVD."®?” Given
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Figure 5. Forest plots of responder versus non-responder subgroup analysis: (A) baseline PaO2/FiO2 ratios, (B) mortality, (C) need for

endotracheal intubation.

the increasing literature, we conducted this meta-analysis to
provide the first comprehensive evaluation of the literature
that exists for IPVD in COVID-19 ARDS patients and
address critical knowledge gaps to see if this improvement in
P/F ratios leads to improved mortality benefits.

Our study results were consistent with a pervious meta-
analysis by Adhikari et al*® in 2014, that examined the role
of iINO in non-COVID-19 ARDS patients and found that
although IPVD may improve oxygenation, they do not lead to
mortality benefits. In our meta-analysis, we found similar
results to those from a study by Prakash et al*® which showed
that IPVD in COVID-19 ARDS can improve oxygenation,
but similar to the study by Chandel et al,'* there are no mortality
benefits to using [IPVD in COVID-19 patients. Furthermore, our
subgroup analysis showed that even in patients who responded
adequately to IPVD, there are no mortality benefits when com-
pared to IPVD non-responders. Due to this lack of benefit in
clinically meaningful outcomes, we believe that there is an
urgent need for clear protocols to guide the practice of using
IPVD for COVID-19 patients. Future RCTs may be required
to further study the efficacy of IPVD in COVID-19 patients.

Several limitations of this study should be acknowledged.
First, because the literature lacks RCTs, our meta-analysis
included only observational studies and case series. Future

RCTs are warranted to confirm our findings. Second, our
1-arm meta-analysis for changes in P/F ratios can be influenced
by ventilator settings that are not often standardized between
facilities. Third, our 2-arm meta-analysis only involved 3
studies, which limits the statistical power of our analysis to
be able to detect statistically significant differences in mortality
between the IPVD and standard therapy cohorts. Fourth, the
IPVD regimens were not standardized even among the studies
that used the same IPVD, making it difficult to compare the
results from each study and can it also introduce heterogeneity.
Lastly, the lack of patient-level data did not allow to control for
possible variations in baseline characteristics because other
medications used for COVID-19 might have been different
and not standardized between patients, which might introduce
potential bias.

Despite the limitations, our study has significant strengths.
First, we included a total of 18 studies in the l-arm meta-
analysis and 3 studies in the 2-arm analysis, with a total of
613 and 640 patients, respectively. To our knowledge, this is
the first meta-analysis investigating the effects of IPVDs in
COVID-19 ARDS patients. Although the studies included
were observational in nature, our results were similar to previ-
ous RCTs conducted for non-COVID-19 ARDS patients.
Consistent results were noted on our subgroup analysis based
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Table 2. Study and Patient Characteristics of the Included 2-arm Studies.

Study, year Chandel 2021

Kataria 2022 Matthews 2022

Study design Retrospective Cohort

Retrospective Cohort

Retrospective Cohort

Country United States of America United States of America United Kingdom
Total patient (IPVD/ 66/206 30/30 59/249
Standard)
IPVD group age, mean + 57+13 56.9 + 389 60.0+9.1
SD, years
Standard Therapy group 56+ 14 60.7+35.8 59.3+17.9
age, mean + SD, years
Male in IPVD group, n (%) 45 (68) 17 (57) 37 (63)
Male in Standard Therapy 135 (66) 15 (50) 164 (66)
group, n (%)
Type of IPVD NO EPO NO & ILO.
Analyzed Together.
Oxygen Supplementation HFNC HFNC IMV

Non-intubated adults with
COVID-19 ARDS that had
been on HFNC for >/=2 h.

Patient Inclusion Criteria

Non-intubated adults with COVID-19 ARDS
requiring HFNC >/=50 liter/minute at
>/=80% FiO2 and had been treated with

Mechanically ventilated adults
with COVID-19 ARDS who
received IPVD for >/=24 h.

DXM 6 mg daily for 10 days.

Yes.
Patients were self-proning.

Prone Yes.

Study Specific Definition of
Response to IPVD

Time to First Assessment
of Respiratory
Parameters Post IPVD

Decrease in FiO2 requirement
via HFNC 12 h after iNO.
12 h I'h

Patients were self-proning.

Decrease in FiO2 requirement via HFNC.

Yes.
All IPVD group patients were
proned for at least 3 cycles (16
h/cycle) before IPVD initiation.

Increase in P/F ratio> 10% from
baseline.

2h

Abbreviations: ARDS, acute respiratory distress syndrome; COVID-19, Coronavirus disease |9; EPO, epoprostenol; HFNC, high flow nasal cannula; iEPO, inhaled
epoprostenol; ILO, iloprost; IMV, invasive mechanical ventilation; iNO, inhaled nitric oxide; IPVD, inhaled pulmonary vasodilator; NO, nitric oxide; SD, standard

deviation.

on type IPVD (iNO vs iEPO) in regards to pre- and post-IPVD
P/F ratios. Through our responder versus non-responder analy-
sis, we were able show that the use IPVD do not seem to
provide mortality benefits even in patients that respond appro-
priately. Lastly, all the studies in our meta-analysis were of
high quality based on the NOS and JBI quality assessment
tools.

In conclusion, the results of our l-arm and 2-arm meta-
analyzes demonstrated that although IPVD may improve P/F
ratios and oxygenation, they did not provide mortality benefits
compared to standard therapy alone. Thus, based on the avail-
able evidence the use of IPVD in COVID-19 patients should
not be pursued. However, given the observational nature of
the included studies, RCTs are warranted to validate our
findings.
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