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OBJECTIVE: To evaluate whether the use of inhaled
nitric oxide (iNO),q9 improves respiratory function.

METHODS: This retrospective cohort study used data
from pregnant patients hospitalized with severe bilateral
coronavirus disease 2019 (COVID-19) pneumonia at four

teaching hospitals between March 2020 and December
2021. Two cohorts were identified: 1) those receiving
standard of care alone (SoC cohort) and 2) those
receiving iNO5qo for 30 minutes twice daily in addition
to standard of care alone (iNO,q, cohort). Inhaled nitric

*A list of DELFiNO Network Collaborators is available in Appendix 1 online at
hitp://links.lww.com/A0G/C775.
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oxide, as a novel therapy, was offered only at one hospi-
tal. The prespecified primary outcome was days free
from any oxygen supplementation at 28 days postadmis-
sion. Secondary outcomes were hospital length of stay,
rate of intubation, and intensive care unit (ICU) length of
stay. The multivariable-adjusted regression analyses ac-
counted for age, body mass index, gestational age, use of
steroids, remdesivir, and the study center.

RESULTS: Seventy-one pregnant patients were hospital-
ized for severe bilateral COVID-19 pneumonia: 51 in the
SoC cohort and 20 in the iNO,q, cohort. Patients receiv-
ing iNO5gp had more oxygen supplementation—free days
(iNOygo: median [interquartile rangel, 24 [23-26] days vs
standard of care alone: 22 [14-24] days, P=.01) compared
with patients in the SoC cohort. In the multivariable-
adjusted analyses, iNO,gy was associated with 63.2%
(95% Cl 36.2-95.4%; P<<001) more days free from oxygen
supplementation, 59.7% (95% CI 56.0-63.2%; P<001)
shorter ICU length of stay, and 63.6% (95% Cl 55.1-
70.8%; P<.001) shorter hospital length of stay. No
iNO,go-related adverse events were reported.
CONCLUSION: In pregnant patients with severe bilat-
eral COVID-19 pneumonia, iNO5go was associated with a
reduced need for oxygen supplementation and shorter
hospital stay.

(Obstet Gynecol 2022;00:1-9)

DOI: 10.1097/AOG.0000000000004847

Pneumonia related to coronavirus disease 2019
(COVID-19) is particularly threatening during
pregnancy, because it may quickly progress to hyp-
oxic respiratory failure requiring hospitalization and
cardiopulmonary support.? According to the Cen-
ters for Disease Control and Prevention, when com-
pared with nonpregnant female patients with
COVID-19 pneumonia, pregnant patients are more
likely to develop severe hypoxemic respiratory failure
requiring prolonged hospitalization.! The risk for
pregnant individuals requiring intensive care unit
(ICU) admission, mechanical ventilation, or extracor-
poreal membrane oxygenation (ECMO) is about
threefold that of nonpregnant patients with COVID-
19, approximately quadrupling the risk of death.!:
Moreover, the risk of obstetric complications, includ-
ing preeclampsia, preterm delivery, and stillbirth, is
also increased with COVID-19.*

To date, no respiratory therapies to complement
supplemental oxygenation have been tested in ran-
domized clinical trials targeting pregnant patients with
COVID-19.5 Steroids and remdesivir are commonly
used in pregnant patients with severe forms of the
disease, as they have shown benefit in trials of non-
pregnant populations with COVID-19.5
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Inhaled nitric oxide (iNO) is a therapeutic gas that
is used as rescue therapy for severe hypoxemia in
intubated patients with respiratory failure. It is typi-
cally delivered at a dose of 10-80 ppm to produce
selective pulmonary vasodilatation and improve
ventilation-perfusion matching, improving systemic
oxygenation.” It has been used in the context of adult
respiratory distress syndrome, in particular that
caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), as a rescue treatment for hyp-
oxia.® Nitric oxide has also shown antiviral properties
against SARS-CoV-2. In in-vitro studies, S-nitroso-N-
acetylpenicillamine, a nitric oxide donor, was able to
reduce SARS-CoV-2 viral replication in a dose-
dependent fashion. High-dose nitric oxide directly
and nonspecifically nitrosates the SARS-CoV-2 3CL
cysteine protease, causing a reduction of viral
replication.”

During the first wave of COVID-19 in Boston,
Massachusetts, we treated six nonintubated pregnant
patients admitted to Massachusetts General Hospital
for severe COVID-19 pneumonia with up to 200
ppm of iNO (iNOgy) delivered by a snug-fitting
mask for 30 minutes, twice daily.!®!! Thirty-nine
treatments with iNOgg were administered safely,
which resulted in increased systemic oxygenation
and decreased respiratory rate.!? Based on these
results, iNOgy(y was implemented as a treatment for
COVID-19 pneumonia in pregnancy at Mas-
sachusetts General Hospital.

To further investigate the safety and efficacy of
iNOgqo in pregnant patients with COVID-19, we de-
signed this study to assess whether iNOyg treatment
improves respiratory function and outcomes among
pregnant patients hospitalized with severe COVID-
19 pneumonia.

METHODS

This is a retrospective cohort study that was designed
to assess the safety efficacy of iNOg in the treatment
of pregnant patients hospitalized for severe bilateral
COVID-19 pneumonia. We created a multidisciplin-
ary network between four academic hospitals in Bos-
ton, Massachusetts (Beth Israel Deaconess Medical
Center, Boston Medical Center, Massachusetts Gen-
eral Hospital, and Tufts Medical Center) called the
“DELivery oF iNO network for COVID-19 pregnant
patients” (the DELFINO network). All institutions in
the DELFINO network have similar access to
advanced techniques in the management of respira-
tory failure, including ECMO. Treatment with
iNOgqo is a novel and unlabeled use of iNO therapy
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and was available only at one hospital (Massachusetts
General Hospital).

Institutional review board approval was obtained,
together with a data-use agreement allowing sharing
of data with the coordinating center (Mass General
Brigham IRB# 2020P001362). A waiver of written
informed consent was obtained due to the observa-
tional nature of the data collection. Inclusion criteria
and data collection are presented in Appendix 2,
available online at http://links.lww.com/AOG/C775.

Based on beneficial and lasting effects on oxy-
genation reported in recent data on intermitted high-
dose iNO in patients with COVID-19 pneumonia, the
prespecified primary endpoint of this study was the
number of days free from oxygen supplementation at
28 days postadmission. Oxygen supplementation was
defined as oxygen delivery by any mode, including
nasal cannula, facemask, noninvasive ventilation, and
mechanical ventilation. Oxygen delivery was targeted
at maintaining SpO, within the levels suggested by
the Society for Maternal-Fetal Medicine guidelines
(SpO2 95% or higher).% The prespecified secondary
endpoints were hospital length of stay, ICU length
of stay, intubation rate, and maternal and fetal sur-
vival rates. The safety of iNOgoy was also assessed
(Appendix 2, http://links.lww.com/AOG/C775).

The option to receive iNOyq therapy was avail-
able only at one center (Massachusetts General Hos-
pital), and the decision to use iNOgyyy was at the
discretion of the maternal-fetal medicine team car-
ing for the patient, as was the case for other pharma-
cologic therapy (eg, remdesivir, antibiotics, and
steroids). The iNOgy protocol and the delivery sys-
tem have been previously published (Appendix 2,
http://links.lww.com/AOG/C775).11-14

Continuous data are presented as mean*SD or
median (interquartile range) according to the data dis-
tribution. Categorical values are presented as absolute
number (%). Normality of distribution was assessed
using the Shapiro-Wilk test. Student’s ¢ test, Wilcoxon
rank-sum and Fisher exact test (two-tail) were used to
compare groups for continuous and categorical vari-
ables, respectively. We did not apply any imputation
for missing values. Cohorts were compared for vari-
ables with less than 20% missing data.

The two cohorts were compared for differences at
baseline for potential confounding factors. Associations
of primary and secondary outcomes with iNOgg, were
evaluated with generalized linear regression models.
Covariates included in the multivariable models were
factors known to be associated with COVID-19 sever-
ity!” and therapies associated with improved out-
come.!6!7 Differences in vital parameters recorded

VOL. 00, NO. 00, MONTH 2022

Valsecchi et al

before, during and after iNO administration were ana-
lyzed using a linear mixed model. The statistical meth-
ods are presented in greater detail in Appendix 2

(http://links.Iww.com/AOG/C775). Two-sided P<.05
was considered statistically significant.

RESULTS

Between March 2020 and December 2021, 71 preg-
nant patients were treated for bilateral severe or
critical COVID-19 pneumonia within the DELFINO
network. Of the 71 pregnant patients, 20 received
iNOggg therapy (iNOggg cohort) and 51 received stan-
dard of care alone (SoC cohort) (Fig. 1). A total of 30
out of 71 patients were treated at Massachusetts Gen-
eral Hospital, 20 with iNOggy and 10 with standard of
care alone. The characteristics of the patients are pre-
sented in Table 1. The two cohorts did not show sta-
tistical differences in baseline characteristics, past
medical history, gestational age, and clinical presenta-
tion at the time of hospital admission. With the excep-
tion of ferritin (P=.04), white blood cell count
(P=.03), and neutrophil count (P=.04), the laboratory
results at the time of admission were similar. The
pharmacologic interventions for COVID-19 did not
differ between the two cohorts (Table 1 and Appendix
3 [Appendix 3 is available online at http://links.Ilww.
com/AOG/C775]). Moreover, only one patient (in
the SoC cohort) in the whole study had received a
COVID-19 vaccination.

Within the iNOyg cohort, the administration of
nitric oxide gas was initiated very close to the time of
hospital admission (median 1 [interquartile range
0.75-1] day), with the exception of one patient who
began treatment 3 days after admission. The median
(interquartile range) number of days free from oxygen
supplementation within 28 days postadmission was 24
(23-26) in the iNOgg, cohort and 22 (14-24) in the
SoC cohort (P=.01, Table 2).

Patients admitted with
COVID-19-related
pneumonia
(n=74)
Excluded (n=3)
.| Intubated before
admission: 2
v Intubated at admission: 1
Included in the study
(n=71)

| l

200 ppm inhaled Standard of care cohort

nitric oxide cohort (n=51)
(n=20)
Fig. 1. Flow chart. COVID-19, coronavirus disease 2019.

Valsecchi. High-Dose Nitric Oxide in Severe COVID-19. Obstet
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Table 1. Main Demographic Information, Vital Signs, Laboratory Results, and Coronavirus Disease 2019
(COVID-19) Therapies

iNO,o Cohort (n=20) SoC Cohort (n=51) P
Demographics
Age (y) 30.30%4.43 32.33%£5.76 12
BMI (kg/m?) 31.84*4.85 33.58%7.02 .26
Multiple gestation 1(5) 5(10) .67
Gestational age (wk) 29.77+6.03 29.93+5.25 92
2nd trimester 7 (35) 12 (25)
3rd trimester 13 (65) 36 (75)
Comorbidity
Hypertension 1(5) 5(10) .67
Diabetes 1(5) 3 (6) >.99
Malignancy 1(5) 1) 49
Asthma 2 (10) 7 (14) >.99
Others* 9 (45) 16 (31) 41
Hospital admission vital signs and laboratory results
Respiratory rate (bpm) 28 (20-32) 24 (20-30) .38
Mean arterial pressure (mm Hg) 82*+10 8311 .67
SpO; (%) 96 (94-98) 96 (94-98) .87
FiO, (%) 0.21 (0.21-0.32) 0.23 (0.21-0.29) .97
Creatinine (mg/dL) 0.52 (0.44-0.57) 0.55 (0.5-0.61) 1
WBC count (10%/1) 6.05 (4.50-8.00) 7.41 (6.00-8.80) .03
Lymphocytes (109/L) 0.80x0.26 0.94%+0.29 .08
Neutrophil (10%/1) 4.64 (3.38-5.92) 5.62 (4.47-7.20) .04
CRP (mg/dL) 7.27 (5.15-11.12) 9.23 (5.95-12.24) .25

Ferritin (ng/mL) 132.50 (78.00-397.00) 93.00 (59.00-133.00) .04
Other COVID-19 therapies

Steroids 16 (80) 32 (63) .26

Remdesivir 15 (75) 28 (55) .18

Chloroquine 3(15) 8 (16) >99

iNO, inhaled nitric oxide; SoC, standard of care alone; BMI, body mass index; bpm, breaths per minute; WBC, white blood cell;

CRP, C-reactive protein; COVID-19, coronavirus disease 2019.

Data are mean=SD, n (%), or median (interquartile range) unless otherwise specified.

" Other comorbidities: anemia, prediabetes, congenital single kidney, liver lesion, depression, anxiety, hyperthyroidism, hypothyroidism,
celiac disease, congenital latent tuberculosis, previous pulmonary embolism, previous pancreatitis, previous hepatitis, hyperlipidemia,
previous heart valvular replacement, autoimmune disease. No events for coronary heart disease, cerebrovascular disease, chronic

kidney disease, and immune deficiency.

The patients in the iNOgyy cohort had signifi-
cantly shorter hospital length of stay (iNOgyo cohort:
median [interquartile range] 7 [5-9] days vs SoC
cohort: 9 [6-20] days, P=.03) and showed a trend
toward lower rates of intubation (iNOyg, 10% vs stan-
dard of care alone 31%, P=.08) and toward shorter
ICU length of stay (iNOggo cohort: median [interquar-
tile range| 77 [66-274] hours, SoC cohort 354 [189-
485] hours, P=.09, Table 2).

Multivariable-adjusted analyses noted that, com-
pared with the SoC cohort, iNOgyg, was associated
with 63.2% (95% CI 36.2-95.4%; P<.001) more oxy-
gen supplementation-free days within 28 days post-
admission. It also correlated with 59.7% (95% CI
56.0-63.2%; P<.001) fewer hours in the ICU and
63.6% (95% CI 55.1-70.8%; P<.001) fewer days in
the hospital (Appendices 4 and 5, available online at
http://links lww.com/AOG/C775). The only two
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patients requiring ECMO were in the SoC cohort
(Table 2); one patient in the SoC cohort died. All
patients in the iNOggo cohort did not require ECMO
and were discharged. The two cohorts were similar
regarding delivery and neonatal outcomes (Appen-
dix 6, http://links.lww.com/AOG/C775).

Breathing iNOy transiently improved oxygena-
tion in patients with hypoxemia (Fig. 2A). The respi-
ratory rate of patients with tachypnea decreased and
remained lower during and after treatment with
iNOgyo (Fig. 2B), confirming the ability of iNOgg to
relieve the signs and symptoms of respiratory distress.

A total of 144 treatments of iNO were adminis-
tered during this study. No iNOggyrelated adverse
events occurred. The median (interquartile range) dose
of nitric oxide per treatment was 190 (170-200) ppm
administered for a median of 30 minutes. The mean
(minimum-maximum) levels of methemoglobin and

OBSTETRICS & GYNECOLOGY
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Table 2. Coronavirus Disease 2019 (COVID-19) Pneumonia Severity and Hospital Outcomes

iNO,g9 Cohort (n=20) SoC Cohort (n=51) P

Severity .78

Severe* 15 (75) 35 (69)

Critical® 5 (25) 16 (31)
Oxygen supplementation-free days at 28 d 24 (23-26) 22 (14-24) .01
ICU admission 5 (25) 21 (41) .28
ICU length of stay (h) 77 (66-274) 354 (189-485) .09
Intubation 2 (10) 16 (31) .08
Ventilation time (h) 171 (30-311) 332 (185-515) 21
ECMO 0 2 (4) >.99
Hospital length of stay (d) 7 (5-9) 9 (6-20) .03
Death 0 1(2) >.99

iNO, inhaled nitric oxide; SoC, standard of care alone; ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation.

Data are n (%) or median (interquartile range) unless otherwise specified.

* Bilateral lung opacities on chest radiography and dyspnea, with either tachypnea (respiratory rate 30 breaths per minute or greater),
hypoxemia (SpO, 93% or lower on room air at rest [95% or lower with oxygen]), PaO,/FiO, ratio less than 300 mm Hg, or a

combination of these.

¥ In addition to the signs and symptoms of severe pneumonia, the patient required mechanical ventilation or ECMO, developed shock (mean
arterial pressure less than 70 mm Hg, systolic blood pressure less than 90 mm Hg, or inotrope or vasopressor requirement), or developed

multiple organ failure requiring ICU admission.

nitrogen dioxide (NOy) during breathing iNOy, were
2.8% (0.4-5.3%) and 1.8 ppm (1.14-2.5 ppm), respec-
tively. The mildly elevated levels of methemoglobin
promptly dropped after completion or discontinuation
of iNO session in all patients (Fig. 3) and always re-
turned to baseline levels before the initiation of the
next treatment. No methemoglobin or NOg levels in
any patient rose to exceed cutoff values mandating
treatment cessation. One patient reported claustro-
phobia associated with the use of a snug-fitting mask.
The mask was replaced with a mouthpiece, which the
patient tolerated well.

All pregnant patients were hemodynamically stable
for the entire duration of the treatments (Figs. 2C, D).
Heart rate and systemic arterial pressure did not change
before, during, or after the treatment. Transthoracic
echocardiography was performed in six patients before,
during, and after iNO treatment. There was no echo-
cardiographic evidence of rebound pulmonary hyper-
tension or right ventricle dysfunction associated with
iNO use (Appendix 7, available online at http://links.
Iww.com/AOG/C775). The levels of serum creatinine
remained unchanged after the start of the iNO treat-
ment, suggesting that breathing iNOgg, twice daily
did not impair kidney function (Appendix 8, available
online at http://links.Iww.com/AOG/C775).

DISCUSSION

Pregnant patients are at risk of developing hypoxic
respiratory failure as a consequence of pregnancy-
associated physiologic, immune, and hormonal
changes and increased oxygen needs. At present,
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there are no targeted respiratory interventions to treat
severe bilateral COVID-19 pneumonia in pregnancy
other than supportive care with supplemental oxygen
and, eventually, mechanical ventilation. We collected
data from 71 pregnant patients with severe bilateral
COVID-19 pneumonia admitted to four large aca-
demic hospitals. We assessed the safety and efficacy of
the addition of twice-daily treatment with iNOqygg to
standard of care alone and found that iNOyy, was
associated with improved oxygenation and decreased
dyspnea. When compared with standard of care
alone, iNOy( was associated with a reduction of the
duration of oxygen supplementation and hospital and
ICU length of stay. This innovative respiratory inter-
vention was feasible in pregnant patients with
COVID-19 pneumonia, and no adverse events
occurred in mothers or infants.

The use of iNO was initially approved by the U.S.
Food and Drug Administration in 1999 as inhalation
therapy for the treatment of intubated and mechan-
ically ventilated neonates with hypoxic respiratory
failure associated with pulmonary hypertension. To
date, the U.S. Food and Drug Administration-
approved dosage for iNO is not greater than 20
ppm. However, several clinical trials have been con-
ducted under widely varying dosages (up to 80
ppm).'®

The decision to deliver iNOggy for 30 minutes
twice daily by a snug-fitting mask to patients with
severe COVID-19 pneumonia was based on prior
reports showing antimicrobial effects of high-dose ni-
tric oxide.%10,13,19-24
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Thanks to its unique selective pulmonary vaso-
dilatory properties, since its introduction to neonatal
practice, iNO has been used to improve oxygenation
and has been shown to reduce ECMO use, need for
supplemental oxygen, length of hospital stay, rate of
bronchopulmonary dysplasia, and, ultimately, mor-
tality in infants.?>27 Due to its role in reducing
ventilation-perfusion mismatching, iNO is used as a
rescue therapy for hypoxemia in intubated and me-
chanically ventilated patients with hypoxic respiratory
failure, both from COVID-19 and not.?

Maternal hypoxemia is associated with an
increased risk of miscarriage and fetal demise; thus,
the Society for Maternal-Fetal Medicine COVID-19
task force recommends prompt reversal of hypoxemia
and maintenance of an oxygen saturation greater than
95% in pregnant patients.® In a previous study, iNO
was delivered to six nonintubated pregnant patients
with severe COVID-19 pneumonia with the intent of
increasing oxygenation.!? In the current study, we
confirmed that breathing iNOy(, improved oxygena-
tion and reduced tachypnea. The improved respira-
tory function is of particular clinical interest during
pregnancy due to increased oxygen demand and the
lower oxygen tension within the placental circulation.

Akaberi et al have previously demonstrated that
nitric oxide also has an antiviral effect against SARS-
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Fig. 2. Effect of inhaled nitric oxide
(iINO)y00 On respiratory rate, oxy-
genation (measured as SpO,/FiO,
ratio), and hemodynamics (data are
mean, minimum-maximum). Linear
mixed-model fit by maximum likeli-
hood. A. Effect of iNO,p9 on SpO,/

_______ = — —®  FO, ratio in patients with hypox-
emia (defined as SpO,/FiO, ratio

315 or lower) at the commencement

of administration (n=>56). B. Effect of

* * iNO,qg on respiratory rate, measured
During 5”;:::95 in breaths per minute (bpm) in

patients with tachypnoea (defined as
respiratory rate 24 bpm or higher) at
the commencement of administra-
tion (n=94). C. Effect of iINO,gy on
mean arterial pressure, measured in
mm Hg (n=139). D. Effect of iNOoo
. . on heart rate, measured as beats
per minute (bpm) (n=144) *P<.05 in
the post hoc analysis (Tuckey’s range
test) vs before (for additional statisti-
cal methods, see Appendix 2, avail-
able online at http:/links.lww.com/
5 minutes AOG/C775).

after Valsecchi. High-Dose Nitric Oxide in
Severe COVID-19. Obstet Gynecol 2022.

During

CoV-2. The demonstrated mitigation of viral replica-
tion, measured as a decrease in viral copy number and
by cellular cytopathic effect, was correlated with the
reduction of the activity of SARS-CoV-2 3CL cysteine
protease by direct S-nitrosation.” In an in vitro model,
nitric oxide reduced the replication of SARS-CoV-1
by interfering with the regular palmitoylation of the
spike protein, ultimately hindering the ability of the
spike protein to interact with the receptor, and
reduced viral RNA production by affecting the cyste-
ine proteases.?® Thus, it is reasonable to speculate that
the antiviral activity of nitric oxide may also be effec-
tively exerted on possible variants of the virion pro-
teins involved in viral replication.

To assess the efficacy of this innovative respira-
tory intervention during pregnancy, we created a
network of hospitals to compare the outcomes among
patients treated with iNOgg( against a similar popula-
tion treated with standard care alone. The disease
severity at hospital admission was comparable
between the iNOggy and SoC cohorts. Our findings
suggest that iNOggo correlated with faster recovery
from respiratory support, including more rapid wean-
ing from oxygen therapy. The improved oxygenation
could have resulted in the reduction of the rate of
intubation and shorter ICU and hospital stay in the
iNOggo cohort. The implications of a reduced disease

OBSTETRICS & GYNECOLOGY
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Fig. 3. Methemoglobin levels (data are mean, minimum-
maximum) during the administration of inhaled nitric oxide
(iINOygp). Linear mixed-model fit by maximum likelihood
(n=136). *P<.05 in the post hoc analysis (Tuckey’s range
test) vs before; *P<.05 vs maximum levels during iNO. For
additional statistical methods, see Appendix 2, available
online at http://links.lww.com/AOG/C775.
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acuity and length of hospital stay likely include
reduced stress for the patient and family and reduced
risk of nosocomial infection for the mother and the
fetus-neonate. Furthermore, shorter hospitalizations
reduce the strain on health systems in the setting of
a global pandemic and reduce cost for both the insti-
tution and the patient. An additional cost reduction
effect was shown in a recent trial among nonintubated
patients hospitalized for COVID-19 pneumonia.?® In
that study, high-dose iNO also reduced hospital read-
mission compared with standard of care alone.

From a safety perspective, it is important to note
that no adverse event occurred during the 144 iNOg
treatments. The highest recorded value of methemoglo-
bin was 5.3%, which decreased promptly after comple-
tion of the treatment. Inhaled nitric oxide delivery
requires continuous monitoring of methemoglobin by
serial blood tests, more practically, by a noninvasive
digital co-oximeter. An additional safety consideration
is formation of NOy, an oxidative product of nitric
oxide. In combination with water (or water vapor in
the alveolar space), NOy will form nitric acid, a highly
corrosive agent. Patients with hypoxemic respiratory
failure who are breathing a high concentration of oxy-
gen are at highest risk of nitric acid formation within the
lower respiratory tract. Filters to minimize NO, breath-
ing should be inserted in the nitric oxide delivery system
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and continuous monitoring of NOg is of paramount
importance.!%!! Rebound pulmonary hypertension has
been implicated as a possible adverse effect after contin-
uous and prolonged (multiple days) breathing of nitric
oxide, possibly related to inhibition of the endothelial
nitric oxide synthetase. In our study, echocardiographic
and clinical evaluation did not reveal evidence of
rebound pulmonary hypertension, hypotension, or car-
diac failure, probably due to the short (30-minute) expo-
sure of iNOgg treatments. Lastly, nephrotoxicity has
historically been a concern among patients with acute
respiratory distress syndrome treated with nitric oxide.
A meta-analysis from four trials involving critically ill,
mechanically ventilated patients with septic respiratory
failure suggested an increased risk of acute kidney injury
associated with iNO therapy.?® The explanation for this
remains unknown. In contrast, a nephroprotective effect
of nitric oxide treatment was observed in a separate
meta-analysis that studied 579 patients who underwent
cardiac surgery.3! Notably, none of the patients receiv-
ing iNOgg in our study developed evidence of acute
kidney injury based on serum creatinine levels. Based
on the present findings, we believe that administration of
iNOgqp for 30 minutes twice daily with close monitoring
is a safe respiratory therapy for pregnant patients, as we
observed no obstetric or neonatal adverse events. Future
studies on dose-limiting toxicity should be performed to
establish the highest levels of iNO that can be safely
administered to pregnant patients.

There are several limitations of our study. First,
the retrospective study design warrants some caution
in the interpretation of the results, as residual,
unaccounted confounding factors in the adjusted
generalized multivariable model may affect the
results (eg, unaccounted variables in the baseline
status, differences between clinical management
among sites and their effect on the study outcomes
and association with iNO). Subsequent randomized
controlled trials are warranted to test our hypothesis
generating results. Second, iNOgyg was delivered on-
ly in one center, adding possible bias related to the
hospital setting. However, 10 of the 51 patients in the
SoC cohort were treated at the only institution deliv-
ering iNOggo. Third, the significance and generaliz-
ability of the secondary outcomes may be hindered
by the small size of our study cohorts. Fourth, no
systematic viral tests (ie, time to negative swab) were
performed in the two study cohorts due to supply
constraints. Finally, it is possible that the extra time
spent at the bedside by the iNOyg delivering clini-
cians could have improved the patients’ well-being.
Of note, the physician delivering iNO was not
involved in clinical decisions, in particular with
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regards to oxygen delivery strategy, therapies, and
discharge dispositions.

In conclusion, iNOgyyy may be considered an

effective respiratory therapy to improve oxygenation
and decrease respiratory rate in hypoxemic and ta-
chypneic pregnant patients hospitalized with severe
bilateral COVID-19 pneumonia. The treatment was
associated with a reduced need for oxygen supple-
mentation and a shorter ICU and hospital length of
stay. Based on our present findings and the absence of
therapeutic trials in pregnant patients with severe
pneumonia, randomized controlled trials are war-
ranted to test improved outcomes with iNOggy.
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