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Abstract: Background: Severe COVID-19 is associated with hypoxemia and acute respiratory
distress syndrome (ARDS), which may predispose multiorgan failure and death. Inhaled nitric
oxide (iNO) is a clinical vasodilator used in the management of acute respiratory distress syndrome
(ARDS). This study evaluated the response rate to iNO in patients with COVID-19-ARDS. Method:
We searched Medline and Embase databases in May 2022, and data on the use of iNO in the
treatment of ARDS in COVID-19 patients were synthesized from studies that satisfied predefined
inclusion criteria. A systematic synthesis of data was performed followed by meta-analysis. We
performed the funnel plot and leave-one-out sensitivity test on the included studies to assess
publication bias and possible exaggerated effect size. We compared the effect size of the studies
from the Unites States with those from other countries and performed meta-regression to assess the
effect of age, year of publication, and concomitant vasodilator use on the effect size. Results: A total
of 17 studies (including 712 COVID-19 patients) were included in this systematic review of which 8
studies (involving 265 COVID-19 patients) were subjected to meta-analysis. The overall response
rate was 66% (95% CI, 47-84%) with significantly high between-studies heterogeneity (12 = 94%, p <
0.001). The funnel plot showed publication bias, although the sensitivity test using leave-one-out
analysis showed that removing any of the study does not remove the significance of the result. The
response rate was higher in the Unites States, and meta-regression showed that age, year of
publication, and use of concomitant vasodilators did not influence the response rate to iNO.
Conclusion: iNO therapy is valuable in the treatment of hypoxemia in COVID-19 patients and may
improve systemic oxygenation in patients with COVID-19-ARDS. Future studies should investigate
the mechanism of the activity of iNO in COVID-19 patients to provide insight into the unexplored
potential of iNO in general ARDS.
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1. Introduction

Coronavirus disease (COVID-19), as defined by the World Health Organization
(WHO), is an infectious illness caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1]. The main organ targeted by the coronavirus infection is
the lung. The median time between the onset of symptoms and development of dyspnea,
hospitalization, and acute respiratory distress syndrome (ARDS) is five days [2].
Moreover, patients with ARDS who are transferred to critical care may quickly deteriorate
due to sepsis and consequent multiple-organ failure [2]. Indeed, respiratory failure due to
severe acute hypoxemia is a hallmark of severe coronavirus disease and a potential target
of clinical management and treatments. There is a huge burden caused by COVID-19 that
may lead to death or severe sequelae [3,4], and the requirement for hospitalization,
intensive care admission, and mechanical ventilation have been the major drivers of the
global pressure on healthcare infrastructures [5,6]. Indeed, the development of COVID-19
vaccines presented a unique opportunity out of the various quagmires of the COVID-19
pandemic. However, the limited availability of vaccines and hesitancy in various regions
of the world [7], as well as the lack of clarity on the efficacy in certain subpopulations [8,9],
limit the effectiveness of the vaccines.

Nitric oxide (NO) is a systemic vasodilator endogenously produced in the
endothelium [10]. The significance of inhaled NO (iNO) as a therapeutic agent is due to
its ability to induce bronchodilation improving oxygen delivery to the alveoli [10]. A
study conducted by Lotz et al. found that iNO administration may reduce respiratory
deterioration in COVID-19 patients [11]. Another study also indicated that breathing NO
improves the ventilation perfusion by lowering pulmonary arterial pressure and
enhancing arterial oxygenation in patients with severe ARDS [12]. The current guidelines
for the management of critically ill adults with COVID-19 advise against the regular use
of inhaled nitric oxide since there are insufficient data to support its efficacy [13].
However, in light of the improvement in oxygenation, it would be fair to consider iNO in
COVID-19 as a “rescue” treatment if it were accessible, but the use of iNO should be
tapered down if there is a lack of improvement in oxygenation [13].

Although various studies have previously reported significant response to iNO in
patients with hypoxemia or ARDS due to COVID-19 and early systematic reviews have
been performed [14], there is no meta-analysis evaluating the response rate in terms of the
proportion of patients who show improved systemic oxygenation following treatment.
Thus, this study aimed to provide an updated systematic review of literature combined
with meta-analysis of available data to clarify the clinical value of iNO in COVID-19
patients. The main research question we aimed to answer is whether iNO has significant
benefit compared with standard treatment (without iNO) in the management of COVID-
19-ARDS.

2. Methods

This systematic review was performed based on the Preferred Reporting in
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [15], and the protocol was
prospectively registered on the PROSPERO database (CRD42022338492). Medline and
Embase databases were searched in May 2022 using relevant medical subject heading
(MeSH) terms systematically combined in a comprehensive search strategy including the
details of searched databases, searched MeSH terms, and Boolean operators used (Figure
S1). Retrieved studies were independently uploaded to EndNote 20 software (Bld 14672,
Clarivate, Philadelphia, PA, USA) for duplicate removal. Duplicates-free studies were
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then exported for title, abstract, and full-text screening after uploading unto Rayyan
software (http://rayyan.qcri.org, accessed on 22 August 2022) [16].

2.1. Inclusion and Exclusion Criteria

Inclusion eligibility include studies that reported the use of inhaled nitric oxide (iNO)
either alone or with concomitant vasodilators as an intervention in patients with COVID-
19 irrespective of treatment settings (ICU or general ward) or severity. Studies that used
iNO as a potential preventative measure against SARS-CoV-2 infection, case reports,
studies not published in the English language, and studies that are not available as open
access or in an institutional database were excluded.

2.2. Data Screening and Synthesis

Screening of the titles, abstracts, and full texts was performed by two authors (TO
and JSA) with resolution of conflict resolved via online meetings. Once the studies were
collectively agreed upon by the screening group, the extraction of relevant data was
carried out based on a predesigned narrative table. A meta-analysis was performed to
pool the reported response rates to iNO in COVID-19 patients using a random- or fixed-
effect model based on the between-studies heterogeneity measured by the I? statistic. The
response rate is defined as the proportion of patients who responded to iNO
administration in terms of improved systemic oxygenation as defined by the authors. The
"metaprop" algorithm on Stata/SE 16 was used, and the result was displayed as a forest
plot. Response to iNO was defined as improvement (>20%) in oxygenation following
administration and was characterized by patients’ systemic oxygen saturation measured
by the ratio of arterial oxygen partial pressure (PaO2 in mmHg) to fractional inspired
oxygen (FiO2) expressed as a fraction (P/F ratio), and SpO2, among others. Small study
effect was visually assessed by computing a funnel plot. The response rate is computed as
the proportion of patients treated with iNO who were classified as “responders” after
follow-up, i.e., response ratio = number of responders/treatment population, while
response rate = response ratio x 100.

Sensitivity test was also performed to assess whether any of the analyzed studies
disproportionately influenced the output using the "leave-one-out" algorithm.
Furthermore, we performed meta-regression based on the DerSimonian-Laird (random-
effect) model on the year of publication, mean age of populations that were studied, and
administration of concurrent vasodilators to understand the effect on the pooled
proportion that these possible confounders may have. In terms of locations of studies, we
also performed further analysis comparing the response rate to iNO reported in the
United States of America with other countries.

2.3. Quality Assessment

To assess the quality of studies included in this systematic review, a modified version
of the Newcastle-Ottawa Scale (NOS) [17] was used. The scale involved 5 questions within
3 specific assessment domains covering the techniques used in patients’ "selection” in
terms of sample size adequacy (=10 patients where 10% response rate could be easily
deduced) and whether the diagnosis of COVID-19-ARDS was based on the World Health
Organization (WHO) or Berlin guideline [18,19], ie., PaO2/FiO2 < 150 mmHg;
"comparability” in terms of whether findings were controlled for contributory factors such
age, sex, or use of concomitant therapies; and thirdly, how "outcomes" were assessed and
whether patients were adequately followed up. Each question was scored with a single
star if satisfied, and studies scoring >3 stars are classified as having low risk of bias.

3. Results

Search of databases generated a total of 512 studies, which included 157 duplicates.
Title and abstract screening of the remaining 355 studies was performed resulting in
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further exclusion of 315 studies to give a total of 40 potentially suitable studies based on
the inclusion criteria. The 40 studies were sorted for full-text retrieval with 2 not
retrievable. A final 38 studies were then subjected to full-text screening resulting in the
exclusion of 21 studies to give a total of 17 studies that satisfied the inclusion and exclusion
criteria (Figure 1). The NOS assessment result showed that 14/17 (82%) of the included
studies have low risk of bias (Table S1).

Figure 1. PRISMA flow chart of studies included in this systematic review.

3.1. Summary of Included Studies

Table 1 presents the features of the included studies. In summary, the 17 included
studies involved 712 confirmed cases of COVID-19 of which 568 (80%) were administered
with iNO alone or in combination with other vasodilators. The median (range) samples
size of the included studies is 34 (10-122) patients with most studies carried out in the
USA (7/17; 41%), France (4/17; 24%), and Italy (4/17; 24%). Expectedly, most study setting
was the ICU (13/17; 77%) with majority of the studies designed as prospective (7/17; 41%)
followed by retrospective (6/17; 35%)
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Table 1. General characteristics of studies included in systematic review.
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3.2. iNO Administration

The dosage of iNO in patients with COVID-19 ranged between 9 and 160 ppm over
a duration between 30 min and 5 days. The most popular mode of delivery of iNO was
via mechanical ventilators (71%) in intubated patients suffering from ARDS due to
exacerbation of COVID-19. In six of the included studies, iNO was administered in
combination with other vasodilators such as almitrine [3,5,11], inhaled epoprostenol
[7,12], iloprost [13], and ACE inhibitor or angiotensin receptor blockers [3].

3.3. Response to iNO

Eight (47%) of the included studies reported response to iNO in COVID-19 patients
suffering from ARDS [1,2,5,6,8,14,16,17]. The eight studies included 265 COVID-19
patients administered with iNO with 166 (63%) patients reported to be responders.
Response was described as improvement in oxygenation as measured by the P/F ratio,
Pa02, and SpO2, among others, following iNO administration. The pooled response rate
was 0.66 (95% CI: 0.47-0.84; Figure 2) with a significantly high between-study
heterogeneity (heterogeneity X?>=118.91, I>=94.11%, p < 0.001).

Author, %
YEATS Country ES (35% C1) Waight
Abman et al, 2022 UsA : —— 002(0.79,097) 1327
Abou-Arab et al, 2020 France _.l— 065 (048, 079) 1239
Caglan et al, 2021 France + 066 (048, 0.80) 1233
Chandel et al, 2021 UsA —_— E 0.39(029,051) 1296
Fakhr et al, 2021 Usa, E — 007(083,099) 1345
Parikh et al, 2020 Usa, _‘—E- 0.54 (039, 068) 1245
Tavazzi et al, 2020 Iaky —_— : 0.25(0.10,0.48) 1157
Zighr et al, 2021 UsA —i—.— 0.83(0.55,095) 11.59

Overall (12 = 94.11%, p = 0.00) <j::_> 0.66 (0.47,084) 10000

-0.5

| I [ |

a 05 1 1
Figure 2. Pooled prevalence of rate of response to inhaled nitric oxide (iNO) in patients with COVID-
19. Red dotted line represents overall response rate (0.66). Lateral edges of blue diamond represent
extreme or limits of the 95% confidence interval (95% CI: 0.47, 0.84). ES = effect size; USA = United
States of America.

3.4. Publication Bias

The funnel plot shows the possibility of small study effect or publication bias (Figure
3), which resulted in the computation of the sensitivity test to assess whether any of the
included studies overestimates the effect size (response rate). The leave-one-out
sensitivity test shows that excluding any of the studies does not significantly reduce the
pooled response rate, with the response rate still above 60% following consecutive
removal of individual study and re-estimation of the effect size (Figure 4). This shows that
none of the included studies resulted in the overestimation of the effect size.
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Figure 3. Funnel plot of studies used to compute pooled response rate to inhaled nitric oxide (iNO)
in patients with COVID-19. ES = effect size; se (ES) = standard error of effect size.

Effect size
Omitted study with 95% CI p-value
Abman et al, 2022 * 0.62[0.43, 0.80] 0.000
Abou-Arab et al, 2020 0.66 [ 0.46, 0.86] 0.000
Caplan et al, 2021 0.66 [ 0.45, 0.86] 0.000

[ ]

Chandel et al, 2021
Fakhr et al, 2021
Parikh et al, 2020
Tavazzi et al, 2020
Ziehr et al, 2021

0.70[ 0.52, 0.88] 0.000
0.61[0.44, 0.78] 0.000
0.67[0.48, 0.87] 0.000
0.71[0.55, 0.87] 0.000
0.63[ 0.44, 0.83] 0.000

04 0.6 0.8 1
Random-effects REML model

Figure 4. Sensitivity test (leave-one-out analysis) to detect influential studies among the reports
pooled for response rate. 95% CI = 95% confidence interval.

3.5. Effect of Cofounders

While all eight of the meta-analyzed studies reported the year of publication and
whether concomitant vasodilators were administered, only seven of these studies
reported the mean or median age of the population. Where media and interquartile range
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of population are reported, we converted them to mean and standard deviation based on
[18]. The results of the meta-regression analysis based on the DerSimonian-Laird random-
effect method showed that neither the mean age of populations reported in studies (t =
-1.28; p = 0.256), year of publication (t = 1.95; p = 0.099), nor the administration of
concomitant vasodilators (t = 0.00; p = 0.999) has significant effect on the standard error of
the effect sizes of the studies (Figures 52-54). In terms of the location of the studies, studies
from the USA reported a higher response rate compared with all other countries (73%, z
=6.29, p <0.001 vs 53%, z = 4.37, p < 0.001, Figure S5).

4. Discussion:

This systematic review combined with meta-analysis highlighted the clinical value
of iNO administration to improve the oxygenation status in patients with ARDS due to
COVID-19. Our main outcome shows a response rate of 66% (95% CI: 47-84%) for patients
in terms oxygenation levels following iNO therapy with or without concomitant
vasodilators. Furthermore, the included studies show significant variability. However, the
random-effect model that was used is robust to high between-studies heterogeneity.

Our findings contradict some previous studies. For instance, Tavazzi et al. [16]
reported only a 25% response rate among patients who received iNO due to refractory
hypoxemia induced by COVID-19. Moreover, Chandel et al. [6] conducted a retrospective
study investigating the efficacy of the continuous use of iNO via high flow nasal cannula
(HENC) for COVID-19-ARDS patients and indicated a response rate of 39%. Both studies
concluded that iNO does not significantly improve hypoxemia levels in patients with
COVID-19. In contrast, three studies [1,8,17] observed significantly higher response rates
of 92%, 97%, and 83%, respectively. This heterogeneity may be attributed to the different
study designs and outcomes, variation in the severity of patients, type of the respiratory
support used, and dosage and frequency of the iNO administered as well as concomitant
therapies. However, our results suggest that iNO administration improves oxygenation
in COVID-19-ARDS patients irrespective of the variabilities mentioned above.

The use of iNO in conjunction with pharmaceutical vasodilators, such as almitrine
and prostaglandin, has shown a positive clinical value as a rescue therapy to enhance
oxygen levels in patients with COVID-19. Two studies by Bagate et al. [3] and Laghlam et
al. [11] reported significant improvement in the PaO2/FiOzratio after receiving iNO with
almitrine (p < 0.01 and p = 0.005, respectively). Although both studies did not report a
response rate and involved a small sample size, their findings were consistent with
another similar study conducted by Caplan et al. [5], who reported a response rate of 66%
and a significant improvement in the PaO2/FiO2 ratio in both responders compared and
nonresponders to iNO combined with almitrine therapy (p < 0.0001). The same pattern
was found in our study, suggesting that iNO with or without vasodilators is effective in
the management of hypoxic patients with COVID-19. Thus, it could be hypothesized that
the combined use of iNO and vasodilators can boost oxygen levels by increasing
ventilation and perfusion, therefore enhancing ventilation/perfusion (V/Q) matching,
reducing shunt, and improving arterial oxygenation. However, the mechanism by which
this occurs requires further investigation. Furthermore, chronic lung diseases are
associated with pulmonary microvascular dysfunction, contributing to the increased
burden caused by such diseases [19,20]. The use of iNO in this population was promising,
where iNO enhanced peak oxygen consumption because of decreased dyspnea and
hyperventilation [21]. This is also evident in cardiac diseases, in which iNO therapy may
be of benefit in such population [22].

Other clinical approaches to increase oxygenation levels in the management of
COVID-19-ARDS patients have been described and include prone positioning [23,24] and
recruitment maneuvers [24,25]. Although data that compare such supportive means with
iNO are still limited, one of the included studies (19) showed that patients with COVID-
19-ARDS who received iNO had significant improvement in PaO2/FiO2 (from median 136
(77-168) to 170 (138-213) mm Hg, p = 0.003), which increased even further after placing
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the patients in the prone position (from 145 (122-183) to 205 (150-232) mm Hg, p = 0.017).
Another study [26] that used prone positioning in combination with a systemic, rather
than pulmonary selective, vasodilator showed that PaO:/FiO: was substantially increased
(78.9 [27.0] vs 150.2 [56.2] mm Hg, p = 0.005) after receiving both therapies. These findings
along with our results make a strong case for the integration of iNO with prone
positioning as a routine care to enhance arterial oxygenation in patients with COVID-19-
ARDS.

This study is limited by several factors. Firstly, due to underreporting, the total
number of studies and, by extension, the number of patients included in our meta-analysis
are low. Thus, as more data become available on the use of iNO in the clinical management
of COVID-19-ARDS, future studies will further clarify this topic. However, the quality of
the included studies as measured by the modified NOS assessment showed that the
included studies are mainly of high quality. Secondly, considering the novelty of the
SARS-CoV-2, high heterogeneity exists in the clinical management of COVID-19 patients
within and across countries and continents, which results in significant between-studies
variability. This is further supported by the stratified analysis (USA vs other countries)
that showed that patients in the USA may have a higher response rate compared with
those of their counterparts from other countries. However, we have combined a random-
effect model with the measurement of publication bias; sensitivity test; as well as meta-
regression controlling for age, years of publication, and administration of concomitant
vasodilators to improve the interpretation and extrapolation value of our result.

In sum, this review involved a thorough and comprehensive search of the literature
followed by a systematic analysis of data including a total of 265 patients diagnosed with
COVID-19 who received iNO therapy. For the first time, we have reported the potential
clinical value of using iNO for the management of COVID-19 patients, which suggests a
relatively high benefit in terms of improved arterial oxygenation. As COVID-19 patients
are at high and consistent risk of suffering from refractory hypoxemia, it is recommended
that clinical guidelines and practices consider the integration of iNO in the routine clinical
management plan, particularly those who are critically ill due to ARDS. Future studies
should investigate whether the combined use of iNO and systemic vasodilators, or other
clinical supportive means, such as prone positioning, has superior effect on the response
rate and arterial oxygenation on COVID-19-ARDS population as more data become
available.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/ijerph191912803/s1, Table S1. Quality assessment using
modified Newcastle-Ottawa Scale. Figure S1. Search Strategy for Medline and Embase Databases.
Figure S2. Bubble plot for meta-regression analysis of the effect of publication year on the response
to inhaled nitric oxide in patients with COVID-19-related acute respiratory response syndrome.
Figure S3. Bubble plot for meta-regression analysis of the effect of mean reported age on the
response to inhaled nitric oxide in patients with COVID-19-related acute respiratory response
syndrome. Figure S4. Bubble plot for meta-regression analysis of the effect of concomitant
vasodilator use on the response to inhaled nitric oxide in patients with COVID-19-related acute
respiratory response syndrome. Figure S5. Pooled prevalence of rate of response to inhaled nitric
oxide (iNO) in patients with COVID-19 grouped by whether studies were conducted in United State
of America, USA (1) or not (0).

Author Contributions: Conceptualization, T.O. and ].5.A. ; methodology, T.O., ].5.A.; software,
T.O,; validation, T.O., ].S.A., RP.R,, AM.A, SS.AG,S.A., LAA, AAA. and KL,; formal analysis,
T.O.; investigation, T.O., J.5.A.; resources, T.O.; data curation, T.O.; writing—original draft
preparation, T.O.; writing—review and editing, T.O., ].5.A,, RP.R, AM.A, SS.A.G, S.A, LAA,
A.AA. and KL, visualization, T.O.; supervision, T.O.; project administration, T.O.; funding
acquisition, T.O., RP.R., K.L. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Int. J. Environ. Res. Public Health 2022, 19, 12803 14 of 15

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Abman, S.H.; Fox, N.R.; Malik, M.I; Kelkar, S.S.; Corman, S.L.; Rege, S.; Bhaloo, J.; Shah, R.; Shei, R.J.; Saporito, D.; et al. Real-
world use of inhaled nitric oxide therapy in patients with COVID-19 and mild-to-moderate acute respiratory distress syndrome.
Drugs Context 2022, 11. https://doi.org/10.7573/dic.2022-1-4.

Abou-Arab, O.; Huette, P.; Debouvries, F.; Dupont, H.; Jounieaux, V.; Mahjoub, Y. Inhaled nitric oxide for critically ill Covid-
19 patients: A prospective study. Crit. Care 2020, 24, 645. https://doi.org/10.1186/s13054-020-03371-x.

Bagate, F.; Tuffet, S.; Masi, P.; Perier, F.; Razazi, K.; de Prost, N.; Carteaux, G.; Payen, D.; Mekontso Dessap, A. Rescue therapy
with inhaled nitric oxide and almitrine in COVID-19 patients with severe acute respiratory distress syndrome. Ann. Intensive
Care 2020, 10, 151.https://doi.org/10.1186/s13613-020-00769-2.

Bonizzoli, M.; Lazzeri, C.; Cianchi, G.; Guetti, C.; Fulceri, G.E.; Socci, F.; Peris, A. Effects of rescue inhaled nitric oxide on right
ventricle and pulmonary circulation in severe COVID-related acute respiratory distress syndrome. J. Crit. Care 2022, 153987.
https://doi.org/10.1016/j.jcrc.2022.153987.

Caplan, M.; Goutay, J.; Bignon, A.; Jaillette, E.; Favory, R.; Mathieu, D.; Parmentier-Decrucq, E.; Poissy, J.; Duburcq, T.; Lille
Intensive Care, C.-G. Almitrine Infusion in Severe Acute Respiratory Syndrome Coronavirus 2-Induced Acute Respiratory
Distress  Syndrome: A  Single-Center = Observational  Study. Crit. Care Med. 2021, 49, e191-e198.
https://doi.org/10.1097/CCM.0000000000004711.

Chandel, A.; Patolia, S.; Ahmad, K,; Aryal, S.; Brown, A.W.; Sahjwani, D.; Khangoora, V.; Shlobin, O.A.; Cameron, P.C.; Singhal,
A.; et al. Inhaled Nitric Oxide via High-Flow Nasal Cannula in Patients with Acute Respiratory Failure Related to COVID-19.
Clin. Med. Insights Circ. Respir. Pulm. Med. 2021, 15. https://doi.org/10.1177/11795484211047065.

DeGrado, J.R.; Szumita, P.M.; Schuler, B.R.; Dube, K.M.; Lenox, J.; Kim, E.Y.; Weinhouse, G.L.; Massaro, A.F. Evaluation of the
Efficacy and Safety of Inhaled Epoprostenol and Inhaled Nitric Oxide for Refractory Hypoxemia in Patients With Coronavirus
Disease 2019. Crit. Care Explor. 2020, 2, €0259. https://doi.org/10.1097/CCE.0000000000000259.

Safaee Fakhr, B.; Di Fenza, R.; Gianni, S.; Wiegand, S.B.; Miyazaki, Y.; Araujo Morais, C.C.; Gibson, L.E.; Chang, M.G.; Mueller,
A.L.; Rodriguez-Lopez, ].M.; et al. Inhaled high dose nitric oxide is a safe and effective respiratory treatment in spontaneous
breathing hospitalized patients with COVID-19 pneumonia. Nitric Oxide—Biol. Chem. 2021, 116, 7-13.
https://doi.org/10.1016/j.niox.2021.08.003.

Ferrari, M.; Santini, A.; Protti, A.; Andreis, D.T.; Iapichino, G.; Castellani, G.; Rendiniello, V.; Costantini, E.; Cecconi, M. Inhaled
nitric oxide in mechanically ventilated patients with COVID-19. J. Crit. Care 2020, 60, 159-160.
https://doi.org/10.1016/j.jcrc.2020.08.007.

Herranz, L.; da Silveira, ].G.; Trocado, L.F.L.; Alvaraes, A.L.; Fittipaldi, J. Inhaled Nitric Oxide in Patients with Severe COVID-
19 Infection at Intensive Care Unit-A Cross Sectional Study. J. Crit. Care Med. 2021, 7, 318-319. https://doi.org/10.2478/jccm-
2021-0033.

Laghlam, D.; Rahoual, G.; Malvy, J.; Estagnasie, P.; Brusset, A.; Squara, P. Use of Almitrine and Inhaled Nitric Oxide in ARDS
Due to COVID-19. Front. Med. 2021, 8, 918. https://doi.org/10.3389/fmed.2021.655763.

Lubinsky, A.S.; Brosnahan, S.B.; Lehr, A.; Elnadoury, O.; Hagedorn, J.; Garimella, B.; Bender, M.T.; Amoroso, N.; Artigas, A,;
Bos, L.D.J.; et al. Inhaled pulmonary vasodilators are not associated with improved gas exchange in mechanically ventilated
patients with COVID-19: A retrospective cohort study. J. Crit. Care 2022, 69, 153990. https://doi.org/10.1016/j.jcrc.2022.153990.
Matthews, L.; Baker, L.; Ferrari, M.; Sanchez, W.; Pappachan, J.; Grocott, M.P.; Dushianthan, A. Compassionate use of
Pulmonary Vasodilators in Acute Severe Hypoxic Respiratory Failure due to COVID-19. |. Intensive Care Med. 2022, 37,
8850666221086521. https://doi.org/10.1177/08850666221086521.

Parikh, R.; Wilson, C.; Weinberg, J.; Gavin, D.; Murphy, J.; Reardon, C.C. Inhaled nitric oxide treatment in spontaneously
breathing COVID-19 patients. Ther. Adv. Respir. Dis. 2020, 14, 1753466620933510.

Robba, C.; Ball, L.; Battaglini, D.; Cardim, D.; Moncalvo, E.; Brunetti, I.; Bassetti, M.; Giacobbe, D.R.; Vena, A.; Patroniti, N.; et
al. Early effects of ventilatory rescue therapies on systemic and cerebral oxygenation in mechanically ventilated COVID-19
patients with acute respiratory distress syndrome: A prospective observational study. Crit. Care 2021, 25, 111.
https://doi.org/10.1186/s13054-021-03537-1.

Tavazzi, G.; Pozzi, M.; Mongodj, S.; Dammassa, V.; Romito, G.; Mojoli, F. Correction to: Inhaled nitric oxide in patients admitted
to intensive care unit with COVID-19 pneumonia. Crit Care 2020, 24, 665. https://doi.org/10.1186/s13054-020-03390-8.

Ziehr, D.R,; Alladina, J.; Wolf, M.E.; Brait, K.L.; Malhotra, A.; La Vita, C.; Berra, L.; Hibbert, K.A.; Hardin, C.C. Respiratory
Physiology of Prone Positioning With and Without Inhaled Nitric Oxide Across the Coronavirus Disease 2019 Acute
Respiratory Distress Syndrome Severity Spectrum. Crit. Care Explor. 2021, 3, e0471.
https://doi.org/10.1097/CCE.0000000000000471.



Int. J. Environ. Res. Public Health 2022, 19, 12803 15 of 15

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hozo, S.P.; Djulbegovic, B.; Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC
Med. Res. Methodol. 2005, 5, 13.

Adeloye, D.; Song, P.; Zhu, Y.; Campbell, H.; Sheikh, A.; Rudan, I. Global, regional, and national prevalence of, and risk factors
for, chronic obstructive pulmonary disease (COPD) in 2019: A systematic review and modelling analysis. Lancet. Respir. Med.
2022, 10, 447-458. https://doi.org/10.1016/s2213-2600(21)00511-7.

Algahtani, ].S. Prevalence, incidence, morbidity and mortality rates of COPD in Saudi Arabia: Trends in burden of COPD from
1990 to 2019. PLoS ONE 2022, 17, e0268772. https://doi.org/10.1371/journal.pone.0268772.

Phillips, D.B.; Brotto, A.R.; Ross, B.A.; Bryan, T.L.; Wong, E.Y.L.; Meah, V.L.; Fuhr, D.P.; van Diepen, S.; Stickland, M.K. Inhaled
nitric oxide improves ventilatory efficiency and exercise capacity in patients with mild COPD: A randomized-control cross-
over trial. J. Physiol. 2021, 599, 1665-1683. https://doi.org/10.1113/jp280913.

Germann, P.; Braschi, A.; Della Rocca, G.; Dinh-Xuan, A.T.; Falke, K.; Frostell, C.; Gustafsson, L.E.; Hervé, P.; Jolliet, P.; Kaisers,
U.; et al. Inhaled nitric oxide therapy in adults: European expert recommendations. Intensive Care Med. 2005, 31, 1029-1041.
https://doi.org/10.1007/s00134-005-2675-4.

Park, J.; Lee, H.Y.; Lee, J.; Lee, S.-M. Effect of prone positioning on oxygenation and static respiratory system compliance in
COVID-19 ARDS vs. non-COVID ARDS. Respir. Res. 2021, 22, 220. https://doi.org/10.1186/s12931-021-01819-4.

Algahtani, J.S.; Aldabayan, Y.S.; AlAhmari, M.D.; AlRabeeah, S.M.; Aldhahir, A.M.; Alghamdi, S.M.; Oyelade, T.; Althobiani,
M.; Alrajeh, A.M. Clinical Practice and Barriers of Ventilatory Support Management in COVID-19 Patients in Saudi Arabia: A
Survey of Respiratory Therapists. Saudi |. Med. Med. Sci. 2021, 9, 223-229. https://doi.org/10.4103/sjmms.sjmms_58_21.

Marini, JJ; Gattinoni, L. Management of COVID-19 Respiratory Distress. JAMA 2020, 323, 2329-2330.
https://doi.org/10.1001/jama.2020.6825.

Li, J.; Fink, J.B.; Augustynovich, A.E.; Mirza, S.; Kallet, R H.; Dhand, R. Effects of Inhaled Epoprostenol and Prone Positioning
in Intubated Coronavirus Disease 2019 Patients With Refractory Hypoxemia. Crit. Care Explor. 2020, 2, e0307.
https://doi.org/10.1097/cce.0000000000000307.



	1. Introduction
	2. Methods
	2.1. Inclusion and Exclusion Criteria
	2.2. Data Screening and Synthesis
	2.3. Quality Assessment

	3. Results
	3.1. Summary of Included Studies
	3.2. iNO Administration
	3.3. Response to iNO
	3.4. Publication Bias
	3.5. Effect of Cofounders

	4. Discussion:
	References

