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Respiratory failure requiring hospitalisation, oxygen treatment and
in severe cases, mechanical ventilation, is a devastating complication
of SARS-CoV-2 infection. Although the combination of severe
hypoxaemia with relatively preserved lung mechanics is not unique to
COVID-19 Acute Respiratory Distress Syndrome (ARDS), and has also
been described in non-COVID-19 ARDS, there are likely pathophysiolo-
gical differences [1]. Pneumonitis, endotheliitis, microvascular throm-
bosis and lung perfusion dysregulation are induced by a significant
cytokine release and coagulopathy in response to viral infection, and
are thought to be responsible for the degree of severe hypoxaemia
seenwith COVID-19 ARDS [2-6]. Hypoxia-induced pulmonary vasocon-
striction further worsens ventilation-perfusion mismatch as blood flow
is restricted to poorly ventilated lung segments, resulting in increased
alveolar dead space and severe hypoxaemia. Lastly, hypoxia-induced
pulmonary vasoconstriction and the use of non-selective vasopressors
may increase pulmonary vascular resistance leading to greater
pulmonary hypertension and worsened right ventricular function.
Clinical consideration of adjuvant therapeutic strategies aimed at
pulmonary vasoconstriction may reverse these physiological changes
and may therefore play a role in managing severe COVID-19 induced
hypoxaemia [7-9].

The most used pulmonary vasodilators for refractory hypoxaemia
are inhaled prostacyclins and inhaled nitric oxide (iNO). Inhaled
prostacyclins, such as epoprostenol (iEpo), treprostinil, and iloprost,
are potent systemic andpulmonary vasodilators, that act as endogenous
inhibitors of platelet aggregation [10]. Their anti-thrombotic effect is
attributed to the activation of intracellular adenylate cyclase and
increased cyclic adenosine monophosphate in platelets. Inhaled NO is
a selective pulmonary vasodilator with additional anti-inflammatory
properties attributed to its inhibitory effect on neutrophil activation
[11,12]. Previously, inhaled pulmonary vasodilators have demonstrated
no mortality benefit in ARDS and therefore are not recommended
in routine practice [7,8,11,13]. They may be used however as a rescue
therapy.

Preliminary data suggest uncertain effects of inhaled pulmonary va-
sodilators in patients with COVID-19 ARDS. This data comes from sev-
eral small retrospective single-centre studies [14-19]. These studies
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have reported conflicting results regarding the effects on oxygenation.
It appears that up to 50% of patients may show a modest increase
(10%) in the PaO2/FiO2 ratio, which is of uncertain clinical relevance.
No specific factors have been identified to predict which patients may
show improved oxygenation when treated with inhaled pulmonary
vasodilators. A recent conference abstract reporting a systematic review
and meta-analysis that included seven studies (n=211 patients; stud-
ies investigating iEpo [n=140] and iNO [n=71]) showed a benefit in
oxygenation with iEpo, whereas such a benefit was not seen with iNO
administration [20].

In this issue of the Journal of Critical Care, three studies are published
investigating the effect of iEpo and/or iNO on both oxygenation, carbon
dioxide elimination, and echocardiographic indices in patients with
COVID-19 pneumonia requiring either invasive mechanical ventilation
or oxygen by high flow nasal canula (HFNC). (JCRC-D-21-01499
(Bonizzoli et al), JCRC-D-21-00672_R1 (Lubinsky et al), JCRC-D-21-
01091_R1 (Chiles et al)) In the studies by Bonzzoli et al. and Lubinsky
et al. the effects of inhaled pulmonary vasodilators are investigated in
adult patients requiring mechanical ventilation. (JCRC-D-21-01499
(Bonizzoli et al), JCRC-D-21-00672_R1 (Lubinsky et al), JCRC-D-21-
01091_R1 (Chiles et al)) Comparing the effects of iNO (n = 69) and
iEpo (n = 15), Lubinsky and colleagues report no significant change in
any of the measured primary outcomes (PaO2/FiO2, oxygenation
index or ventilatory ratio) with administration. Further, the lack of ef-
fect was consistent over a 5-day period of drug administration. The
median time to administration, left to the discretion of the treating cli-
nician, was 6 days post-intubation and was continued for a median du-
ration of 106 h in the iNO group and 7 days post-intubation and
continued for 53 h in the iEpo group. Substantial dropout due to death
challenge any conclusion of benefit, nonetheless minimal adverse
events were reported in survivors. Consistent findings of no benefit
are also reported by Bonizzoli et al., where 12 consecutive patients re-
ceived iNO as a rescue therapy early in their ICU course. Serial echocar-
diographic evaluations at baseline, 12 and 24 h showed that half of
patients present with right ventricular dilation and varying degrees of
right ventricular dysfunction. Further, the mean pulmonary arterial
pressure at presentation was 54 ± 7 mmHg. Echocardiogram
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determination of pulmonary hypertension was not improved with the
administration of iNO. These findings were consistent with the absence
of an effect of iNO on measured oxygenation indices.

Lastly, the use of iEpo in patientswithmoderate to severe symptoms
of COVID-19 but not yet invasively ventilated but receiving high flow
nasal oxygen (HFNC) was reported. (JCRC-D-21-01091_R1 (Chiles
et al)) In this single centre retrospective study, fifty patients were
enrolled, and it was shown that it was feasible to administer iEpo
non-invasively. Just over half of patients required invasive ventilation
during their ICU stay; one in four patients died in the ICU. Residual con-
founding of the study design limits any conclusions as to the benefit of
iEpo administration early in the disease course of COVID-19. Because
there was no control group, it is not possible to determine whether
iEpo administration influenced intubation rates. There was no improve-
ment in oxygenation after administration of iEpo as assessed by SpO2/
FiO2 ratio, whichmay questionwhether the drugwas ineffective or per-
haps not delivered successfully. More precise measures of drug admin-
istration to pulmonary vasculature may prove to be of future benefit in
determining any advantage to therapy in this patient population.

Although none of these studies are definitive with regards to the
benefit or the lack thereof, of inhaled prostacyclins or iNO, several
randomised controlled trials are actively enrolling [21-23]. Whilst we
wait for the results of these studies, data from observational cohorts
demonstrating variability in clinical response with the use of inhaled
pulmonary vasodilators in patients with COVID-19 hypoxaemia leave
bedside clinicians with more questions than answers. Is there a role
for the use of inhaled pulmonary vasodilators in COVID-19? If so, what
is the optimal timing of iEPO or iNO initiation, early or as rescue ther-
apy?Howdoes one titrate to the “best”dose of pulmonary vasodilators?
Howdoes illness severity influence response rates (i.e., additional organ
failure risk)? Further, are there specific pulmonary vascular effects due
to COVID-19 itself that influence the variability in response? And is
there a subgroup of patients with COVID-19 most likely to benefit?

In conclusion, the results of the 3 studies published in the Journal
may stimulate discussion at the bedside of the potential benefits of pul-
monary vasodilators in severe COVID-19 but are unlikely to change cur-
rent practice. There is no current evidence to support the routine use of
inhaled pulmonary vasodilators for severe COVID-19. Similarly to the
practice in non-COVID ARDS, some clinicians may continue to consider
inhaled pulmonary vasodilators as rescue therapy for patients with
COVID-19 hypoxaemia who failed other therapies.
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