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Inhaled NO in COVID-19 Acute Respiratory Distress Syndrome:
Yes or No?

Acute respiratory distress syndrome (ARDS) is a severe and life-
threatening complication of coronavirus disease (COVID-19), with
significant practice variation seen globally during the pandemic (1).
Various interventions have been proposed, and some have been
proven to benefit patient-centered outcomes (2–4). Considering the
known effects of inhaled nitric oxide (iNO) on improving _V= _Q
matching in the setting of lung injury, as well as putative direct
antiviral effects of iNO (5,6); Di Fenza and colleagues explored the
safety and efficacy of iNO in patients suffering from severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pneumonia and
ARDS (7). The intervention arm (iNO) had a higher mean PaO2

/FiO2

(P/F) ratio (mean difference, 39.1mmHg) at 48hours and had a
higher proportion of participants (27.7% vs. 17.2%) with a P/F ratio
.300mmHg at 28days, but there was no difference in patient-
centered outcomes.

To understand the rationale for this study, a discussion of the
underlying pathophysiology and respiratory physiology of both
COVID-19 ARDS (C-ARDS) and iNO is required. ARDS in
COVID-19 is characterized by severe and protracted hypoxemia,
with the pathophysiology involving an intense inflammatory response,
endothelial and vascular injury, andmicrovascular dysfunction. This
increases pulmonary vascular resistance and _V= _Q mismatch and
impairs oxygenation. Although there is an ongoing debate concerning

to what extent C-ARDS is distinct from other forms of ARDS, autopsy
studies have shown a higher prevalence of microvascular involvement,
with endothelial swelling and apoptosis, loss of vasculature, and
impaired angiogenesis (8).

Nitric oxide is a diatomic free radical that diffuses to vascular
smooth muscle and directly activates its receptor soluble guanylate
cyclase, which generates guanosine 39,59-cyclic monophosphate and
drives downstream smooth muscle relaxation (9). iNO is a selective
pulmonary vasodilator that relaxes the smooth muscle of pulmonary
arterioles, reducing pulmonary vascular resistance. iNO helps redirect
blood flow to better-ventilated lung regions, improving _V= _Q
matching. The overall result is an improvement in oxygenation. It
also reduces right-to-left shunting of blood through nonaerated areas
of the lung. In addition, iNO exerts antiviral and antiinflammatory
properties, including inhibiting neutrophil adhesion and releasing
proinflammatory cytokines (10) (Figure 1). The latter observations
led the investigators in the current trial to test iNO at a higher dose
than used in current clinical practice (80ppm).

Although iNO clearly improves oxygenation in patients with
ARDS during the initial days of therapy, after two to three days of
treatment, the improvements in oxygenation in placebo-treated
patients are equivalent to iNO-treated patients. Clinical trials have
shown no benefit of iNO on patient-centered ARDS outcomes, such
as time to extubation, time in the ICU, or mortality before the
pandemic (6), and guidelines generally do not recommend its use
except in cases of refractory hypoxemia and severe pulmonary
hypertension and shock from right ventricular dysfunction (5). The
efficacy of iNO in patients with SARS-CoV-2–related ARDS is not
known. Di Fenza and colleagues should be commended for this
formidable task of putting to the test this physiologically sound
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hypothesis to generate high-quality, real-world evidence through a
well-designed multicenter phase II randomized controlled trial in
the middle of the pandemic, published in this issue of the Journal
(pp. 1293–1304) (7). The investigators evaluated a unique protocol of
short duration (48h) and high-dose (80ppm) iNO, in part to evaluate
antiviral properties. They enrolled intubated andmechanically
ventilated patients with acute hypoxemic respiratory failure in five
ICUs (four in the United States and one in Sweden). Appropriately
powered sample size and a geographically diverse population add to
the scientific rigor and generalizability of their findings, whereas a
lack of blinding in the trial is a significant shortcoming. Similar to
prior studies in non-COVID ARDS, the study showed an improved
P/F ratio in the intervention arm after 48 hours of use of iNO but
no difference in patient-centered outcomes. The intervention was
generally safe except for an observed nominally higher requirement
for renal replacement in the intervention group, which is a
concerning observation given the prior associations of iNO and
renal dysfunction (11, 12). Exploratory findings of faster decrease
in viral load and lower incidence of documented neurologic
dysfunction are intriguing and require further study, especially
in blinded clinical trials.

Clinically, a change in the P/F ratio from 270 to 300 (an
improvement of 30 points) may not have the same benefit as a

change in the P/F ratio from a lower P/F value associated with more
morbidity and mortality, such as a change from 120 to 150, which
also reflects an improvement of 30 points. An intervention in a
population with higher anticipated mortality may optimize efficacy
relative to safety, considering the risks of methemoglobinemia, acute
kidney injury, cost, and healthcare resource utilization. The selection
of the P/F ratio as their primary outcome and the estimate for
oxygenation is also potentially unreliable because of the intrinsic
variability of P/F ratio (13). The P/F ratio has also been shown to have
a complex relation whenmapped against an inspired fraction of
oxygen (FIO2

), especially when low _V= _Q lung regions, true shunt, and
oxygen consumption are all considered. The P/F ratio and its
variation with changes in FIO2

depend onmany clinical variables and
may not be a robust index for determining the true degree of arterial
hypoxemia (14).

A careful reading of the supplementary material will show that
the use of iNO in a subset of patients confers a more meaningful
benefit than the entire cohort, making a case for individualized
decision making for its use in moderate to severe ARDS refractory
to other interventions, such as recruitment maneuvers, proning,
and neuromuscular blockade. Enhancing oxygenation and reducing
the severity of hypoxemia, even for short periods, may allow some
patients to avoid invasive mechanical ventilation, which is often

Figure 1. The mechanisms of action of inhaled nitric oxide (iNO) in coronavirus disease (COVID-19) acute respiratory distress syndrome
(ARDS). ACE2=angiotensin-converting enzyme 2; IMV= invasive mechanical ventilation; RV= right ventricular; SARS-CoV-2= severe acute
respiratory syndrome coronavirus 2.
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associated with significant risks and complications. Future trials
should consider distinct evaluation of more severely hypoxemic
patients or, alternatively, less severe with the inclusion of
nonintubated patients on noninvasive ventilation to assess this
meaningful endpoint.

Based on the findings of this clinical trial, how do we answer the
question posed in the title? As always, the answer is more nuanced than
a simple Yes or No. Clinicians should use an individualized approach,
integrating the best available evidence with clinical context and patient
preference. Similar to non-COVIDARDS, in C-ARDS, without more
evidence, the use of iNO should be largely reserved for patients with
refractory hypoxemia, severe pulmonary hypertension, and right
ventricular failure. Future clinical trials could focus on preventing
intubation or rescuingmore severely affected patients with higher
predictedmorbidity andmortality. Direct effects of high-dose iNO on
viral replication and inflammation deservemore study.�
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Seeing through the MIST: A Pathway Toward Optimal Intervention
for Pleural Infection

Community-acquired pneumonia accounts for more than 1.5 million
hospitalizations each year in the United States (1). It is estimated that

approximately 40% of hospitalized patients with bacterial pneumonia
will develop a parapneumonic effusion (PPE) (2), and 10–20% of
these will evolve into empyema (defined as pus in the pleural space
or a positive Gram stain or culture). The incidence of PPE and
empyema (PPE and E) has increased over the last several decades
(3, 4), and the presence of PPE/E has been shown to be an
independent predictor for mortality (5). Although definitions vary,
a parapneumonic effusion is considered complicated when pleural
fluid pH is,7.2, pleural fluid lactate dehydrogenase is.900 IU/L,
or pleural fluid glucose is,72mg/dl (6).
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