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Editor—Coronavirus disease 2019 (COVID-19) has affected 31.1
million people worldwide and caused more than 1.2 million
deaths as of November 2020." The majority of critical care
patients with COVID-19 pneumonia fulfil the Berlin definition
of acute respiratory distress syndrome (ARDS) requiring
invasive mechanical ventilation.? Despite standard ARDS
interventions with high positive end-expiratory pressure,
prone positioning and lung protective ventilation, some
patients remain profoundly hypoxaemic and hypercapnic.’
Inhaled nitric oxide (iNO) has been a rescue strategy used
previously in ARDS, where it increases the P,0,/F;O; ratio and
reduces physiologic dead space fraction at 24 h, but without
improving mortality or ICU length of stay.? A dual role for iNO
has been proposed in COVID-19 as an anti-viral agent and as a
pulmonary vasodilator, especially given the ‘pulmonary
vascular’ phenotype increasingly apparent in this disease.*”

Whether patients with COVID-19 are ‘responders’ to iNO,
and factors that predict potential responsiveness remain un-
known. A recent publication in this journal® described an
observational series of 16 patients with COVID-19-related
ARDS, in whom iNO was used as a rescue therapy for re-
fractory hypoxaemia. The authors report a lesser improve-
ment in the P,0,/F;O, ratio after iNO initiation than in a
historical (non-COVID-19) ARDS comparison cohort from their
institution. They were unable to delineate any biochemical or
physiological characteristics predictive of a positive response
to iNO in COVID-19 ARDS patients. For comparison, we present
our experience at one of the five Severe Acute Respiratory
Failure centres in the UK. We report the effects of iNO in a
population of patients with COVID-19-induced ARDS with re-
fractory hypoxaemia and evaluate the predictors of iNO
responsiveness in these patients.

ICU patients admitted to a tertiary respiratory failure centre
in the UK receiving iNO with at least moderate ARDS (P,04/FiO2
ratio <26.7 mm Hg/3.56 kPa)’ between March 2020 and May
2020 were included in this observational study. Data were
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collected on patient characteristics, respiratory physiology,
baseline blood tests, and the use of ARDS interventions during
the study period. Oxygenation and carbon dioxide clearance
were evaluated before and in the first 24 h after initiating iNO.
Measurements were taken as an average of three values at
each time point from stored ventilator data to calculate P,O5/
F,O, ratio, oxygenation index (OI),® and dead space fraction
based on the Engelhoff modification of the Bohr equation.’ In
patients who received prone positioning, follow-up measure-
ments were taken in the same patient position. Responders to
iNO were defined as those exhibiting an increase in P,0,/F;O;
ratio of >1.33 kPa at 24 h.™° Change in P,0,/F;O; ratio, OI, and
dead space fraction at 3 and 5 days, and in the 24 h before and
after stopping iNO were also examined. Outcomes including
length of stay and 30 day mortality were analysed.

Data are presented as mean (standard deviation) or median
(inter-quartile range). For statistical analysis, we used GraphPad
Prism (version 5; GraphPad, San Diego, CA, USA). Ethical
approval for analysis of retrospective data was in place (A-CLUE
285452, IRAS Reference: 285452) through the Royal Brompton
and Harefield Research Ethics Committee. All patients lacked
capacity, and the need for individual informed consent was
waived for retrospective analysis of data collected prospectively
for routine care, without breach of privacy or anonymity.

Thirty-five consecutive patients (20% female) were
included, with a mean age of 57.6 (8.1) yr and mean BMI of 30.8
(5.3) kg m~2, with 32 (91.4%) patients undergoing proning at the
time of initiation of nitric oxide. Patients who were not being
proned had right ventricular (RV) failure (one patient), recent
cardiac arrest (one patient), or morbid obesity (one patient).
Two of these patients required proning at a later date. Patients
were treated with 20 ppm iNO for an average of 146.4 (80.8) h,
with the exception of one patient treated with 40 ppm.

Within 24 h of iNO initiation, there was a significant in-
crease in the P,0,/F;iO, ratio from baseline (13.6 [3.9] vs 17.4
[5.5] kPa, P<0.001) (Fig. 1a), a reduction in OI (20.6 [15.2—24.0] vus.
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Fig 1. (a) P,0,/FiO; (kPa) in the 24 h before and at time points after starting iNO in patients with moderately severe ARDS and Covid-19
infection. There was no significant rebound worsening in the P,0,/FiO, ratio in the 24 h after stopping iNO. (b) Dead space fraction,
defined using Bohr equation with Engelhoff modification, in the 24 h before and at time points after starting iNO in patients with
moderately severe ARDS and Covid-19 infection. There was no significant difference between pre stopping and post stopping iNO. Values
are average of three measurements at each time point. *Denotes a significant difference between this time point and pre-starting iNO.
*P<0.05; **P<0.01; **P<0.001. P,0,/F;O,, partial pressure of arterial oxygen/fraction of inspired oxygen; ARDS, acute respiratory distress

syndrome; iNO, inhaled nitric oxide. 159x73 mm (300x300 DPI).
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14.4 [11.9—-20.8], P<0.001) and a reduction in dead space frac-
tion (0.28 [0.10] vs 0.24 [0.09], P=0.038) (Fig. 1b). The change in
P,0,/F;O, ratio and OI (data not shown), but not in dead space
fraction, was preserved in those who survived to 48 h and 5
days. Compared with the immediate values before weaning,
when stopping iNO there was no significant change in the
P,04/F;O, ratio or dead space fraction (Fig. 1a and b).

According to the pre-defined improvement in the P,0,/F;O,
ratio by at least 1.33 kPa, 23 patients [65.7%] responded to iNO
at 24 h. Responders had a significantly lower baseline P,0,/
FiO, ratio (12.1 [2.8] vs. 16.3 [4.4] kPa, P<0.01) and higher base-
line OI (21.6 [6.3] vs. 16.1 [5.2], P<0.01) than non-responders.
Responders to iNO also had higher baseline brain natriuretic
peptide (BNP; available in n=16) (187 [84—529] ng L' vs 43
[34—112] ng L7, P=0.023). Baseline high sensitivity (hs)-
troponin levels (available in n=33) taken before initiation of
iNO were not different between the groups overall
(Supplementary Table S1). Taking twice the upper limit of our
hs-troponin assay (>27 ng L™}), patients in the non-responder
group all fell below this cut-off, compared with higher hs-
troponin levels in responders (Fisher’s exact test P=0.015). Of
the 35 patients studied, two later required extra-corporeal
membrane oxygenation, both at 3 days after iNO initiation.
The 30 day mortality after starting iNO was 17/35 (48.5%).

This is the third report of the use of iNO in patients with
ARDS caused by COVID-19,%'! and the largest cohort reported
to date. In contrast to these previous reports, we observed that
in patients with at least moderately severe ARDS, iNO at 20
ppm improved oxygenation (P,O,/FiO, ratio and OI) and
ventilatory efficiency (dead space fraction), with 65.7% of pa-
tients responding to iNO at 24 h. We were also able to differ-
entiate responders from non-responders on the basis of higher
levels of the cardiac biomarkers BNP and hs-troponin. More
responders had severe ARDS (17/23 responders vs three/12
non-responders).

Several factors may account for differences between our
findings and those of Longobardo and colleagues,® who re-
ported only minimal improvement in PaO,/FiO; ratio with iNO,
and did notidentify any patient characteristics associated with
response to therapy. We routinely collect hs-troponin on all
COVID-19 patients admitted to our institution. We used a dose
of 20 ppm in all patients except one (who received 40 ppm),
whereas the Longobardo cohort received 10—20 ppm. Finally,
our cohort was enriched for patients with right ventricular
dysfunction or pulmonary hypertension, with 23/35 patients
having one or both on transthoracic echocardiography before
iNOinitiation. The use of iNO is widespread in the management
of oxygenation and pulmonary hypertension during lung or
heart transplantation, and as a treatment for acute RV failure
after cardiotomy and cardiopulmonary bypass.'>'® It is plau-
sible that ARDS patients with these characteristics would be
more likely to derive benefit from iNO therapy.

iNO has been shown to improve oxygenation and reduce
dead space ventilation in ARDS.? Our data support its use as a
rescue therapy in COVID-19 ARDS refractory to standard
management including proning. Whether iNO confers a mor-
tality benefitin patients with COVID-19 pneumonia remains to
be seen, but the potential disease-modifying effect* make it an
attractive intervention for further study. Reassuringly in this
small cohort on a variety of other treatments, there was no
evidence of rebound hypoxaemia or hypercapnia after cessa-
tion of iNO therapy.

These data suggest the iNO may be beneficial in those pa-
tients with more severe hypoxaemia with raised BNP and hs-

troponin, likely suggestive of RV strain. It is also likely that
these patients have a pulmonary vascular phenotype,
increasingly recognised in COVID-19 pneumonia.’ This spe-
cific phenotypic response to iNO support the interplay be-
tween pulmonary vascular blood flow and right heart function
in COVID-19 pneumonia, with RV dysfunction increasingly
reported,’* and associated with radiological signs suggesting
pulmonary microthrombosis in severe cases.'”

iNO may be helpful in patients with COVID-19 with re-
fractory hypoxaemia despite standard interventions, espe-
cially in those with raised BNP and troponin. BNP and hs-
troponin may be useful biomarkers for phenotypic enrich-
ment for future clinical trials of iNO in COVID-19 ARDS.
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Editor—We read with interest the editorial, ‘The “third wave”:
impending cognitive and functional decline in COVID-19
survivors’, by Baker and colleagues.’ The authors provide a
timely and succinct account of cognitive complications
experienced by patients recovering from coronavirus disease
2019 (COVID-19) and put forward an interesting scheme of
potential mechanisms of brain disturbances.

Baker and colleagues claim that the hypoxaemia experi-
enced by critically ill patients in COVID-19 ‘has largely
necessitated tracheal intubation’. We agree that large
numbers of patients with COVID-19 were intubated with rates
exceeding 80% in some ICUs. However, we disagree that
hypoxaemia ‘necessitates’ intubation. The most common
reason for intubation (and mechanical ventilation) in ICU pa-
tients is an increase in work of breathing, and hypoxaemia is
usually managed with less invasive strategies.’

Hypoxaemia in critically ill patients with COVID-19 is
caused by an amalgam of ventilation—perfusion mismatch

DOI of original article: 10.1016/j.bja.2020.09.045.

and shunt. When ventilation—perfusion mismatch prevails,
arterial oxygen tension (Paoy) increases substantially in
response to supplemental oxygen; a satisfactory level of
arterial oxygenation can be sustained in these patients
without recourse to intubation (and mechanical ventilation).>
When intrapulmonary shunt is dominant, the increase in
Pao, with supplemental oxygen is modest or absent. Some of
these patients may progress to invasive ventilator assistance.
Commenting on patients managed in their New York hos-
pital in March—April of 2020, Baker and colleagues reflect that
‘Patients were intubated early in their disease progression’.
Mechanical ventilation is life-saving in appropriate circum-
stances. Decades of research, however, document that intu-
bation and mechanical ventilation is associated with
numerous life-threatening complications.”? Emerging data in
several countries reveal a decrease in rates of intubation be-
tween February—March and April-May.* Concurrent with the
lower intubation rate is a decrease in mortality over time.*
Observations obtained in patients with COVID-19 who do
not complain of dyspnoea despite severe hypoxaemia yield
substantial physiological insights.” Patients with silent or
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