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Procedures and Instruments

High Concentrations of Nitric Oxide
Inhalation Therapy in Pregnant Patients With
Severe Coronavirus Disease
2019 (COVID-19)

Bijan Safaee Fakhr, MD, Steffen B. Wiegand, MD, Riccardo Pinciroli, MD, Stefano Gianni, MD,
Caio C. A. Morais, PhD, Takamitsu Ikeda, MD, PhD, Yusuke Miyazaki, MD, PhD, Eizo Marutani, MD,
Raffaele Di Fenza, MD, Grant M. Larson, BS, Vibhu Parcha, MD, Lauren E. Gibson, MD,
Marvin G. Chang, MD, PhD, Pankaj Arora, MD, Ryan W. Carroll, MD, MPH, Robert M. Kacmarek, PhD,
Fumito Ichinose, MD, PhD, William H. Barth Jr, MD, Anjali Kaimal, MD, MAS, Elizabeth L. Hohmann, MD,
Warren M. Zapol, MD, and Lorenzo Berra, MD

BACKGROUND: Rescue therapies to treat or prevent

progression of coronavirus disease 2019 (COVID-19) hyp-

oxic respiratory failure in pregnant patients are lacking.

METHOD: To treat pregnant patients meeting criteria

for severe or critical COVID-19 with high-dose (160–200

ppm) nitric oxide by mask twice daily and report on their

clinical response.

EXPERIENCE: Six pregnant patients were admitted with

severe or critical COVID-19 at Massachusetts General

Hospital from April to June 2020 and received inhalational

nitric oxide therapy. All patients tested positive for severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

infection. A total of 39 treatments was administered. An

improvement in cardiopulmonary function was observed

after commencing nitric oxide gas, as evidenced by an

increase in systemic oxygenation in each administration

session among those with evidence of baseline hypoxemia

and reduction of tachypnea in all patients in each session.

Three patients delivered a total of four neonates during

hospitalization. At 28-day follow-up, all three patients were

home and their newborns were in good condition. Three of

the six patients remain pregnant after hospital discharge.

Five patients had two negative test results on nasopharyn-

geal swab for SARS-CoV-2 within 28 days from admission.

CONCLUSION: Nitric oxide at 160–200 ppm is easy to

use, appears to be well tolerated, and might be of benefit

in pregnant patients with COVID-19 with hypoxic respi-

ratory failure.

(Obstet Gynecol 2020;00:1–5)

DOI: 10.1097/AOG.0000000000004128

We report the treatment of pregnant patients with
severe or critical coronavirus disease 2019 (COV-

ID-19) with nitric oxide gas. Nitric oxide is a therapeutic
gas that typically is delivered at 10–80 ppm to produce
selective pulmonary vasodilation and improve arterial
oxygenation. More recently, nitric oxide at a high dose
(160–200 ppm) has demonstrated broad antimicrobial
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activity on bacteria and viruses such as severe acute respi-
ratory syndrome coronavirus (SARS-CoV-1), the virus
that caused severe acute respiratory syndrome in 2003.1–3

Owing to the efficacy of inhaled nitric oxide in
adults with other causes of acute respiratory distress
syndrome and pulmonary hypertension with a relatively
safe therapeutic profile, we formed an interdisciplinary
team to provide nitric oxide therapy to patients admitted
to our hospital with severe or critical COVID-19
respiratory symptoms who were rapidly deteriorating
(the nitric oxide treatment protocol is shown in Fig. 1).

METHOD

Patients were classified into two categories (severe
or critical) according to the severity of respiratory,

circulatory, and multiple organ involvement, as re-
ported in Appendix 1, available online at http://links.
lww.com/AOG/C61.4,5 The Institutional Review
Board approved collection of the data from the Mas-
sachusetts General Hospital medical records.

The nitric oxide gas was provided to spontane-
ously breathing, awake patients using a snug-fitting
mask connected to the breathing circuit (Fig. 2).6 The
nitric oxide mixture was delivered at a concentration
between 160 and 200 ppm at the desired FiO2 con-
centration. Nitrogen dioxide concentrations had been
measured previously using the same breathing circuit
and a test lung in the laboratory and were maintained
at concentrations below 1.5 ppm. Nitrogen dioxide is
a toxic free radical gas derived from the reaction of

Fig. 1. Clinical flow chart for nitric oxide therapy in pregnant patients with coronavirus disease 2019 (COVID-19) at
Massachusetts General Hospital. COVID-19, coronavirus disease 2019; BID, twice a day; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; CRP, c-reactive protein; WBC, white blood cells; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; IL-6, interleukin-6; RT-PCR, real time reverse transcription polymerase chain reaction.
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nitric oxide with oxygen that can cause, at high con-
centration, lung damage through direct epithelial cells
injury.7 Treatment sessions lasted between 30 minutes
and 1 hour. Before, during, and after each treatment
session, SpO2, methemoglobin saturation (%), heart
rate, and noninvasive blood pressure were monitored
continuously. During nitric oxide breathing, methe-
moglobin is formed by oxidation of iron (from Fe2+

to Fe3+). Ferric hemoglobin (MetHb [Fe3+]) is unable
to transport oxygen. To avoid tissue hypoxia in respi-
ratory failure, our goal was to maintain methemoglo-
bin below 5%.

Data on the safety and efficacy of nitric oxide
administration (SpO2, heart rate, blood pressure, and
methemoglobin) were reported in each patient’s chart
on completion of each session and are summarized as
“baseline” (before starting nitric oxide delivery),
“iNO” (approximately 15 minutes into the nitric
oxide session), and “post-iNO” (5–10 minutes after
nitric oxide delivery). Data are presented as the

median and interquartile range or median (minimum
and maximum values). All statistical analysis was
conducted using Prism 8.4.2.

EXPERIENCE

Six pregnant women with severe or critical COVID-19
were admitted to Massachusetts General Hospital from
April 1 to June 11, 2020. Nitric oxide inhalation was
started in all patients as rescue therapy on request by
the treating clinical team within 48 hours after admis-
sion. Patient characteristics are shown in Appendix 1
(http://links.lww.com/AOG/C61). During the first 48
hours of hospitalization, all six patients required sup-
plemental oxygen; four were treated in the intensive
care unit for 3–17 days, and two were intubated for 30
hours–14 days. During mechanical ventilation, the
intermittent high-concentration nitric oxide gas was
suspended and continuous low-dose (less than 40
ppm) inhaled nitric oxide was delivered by the venti-
lator at the discretion of the intensive care unit team as
per standard clinical protocols. A high concentration of
nitric oxide gas treatments resumed after extubation.
All patients were discharged home in stable condition
(hospital length of 2–25 days) and were shown to be
independent in their daily activities based on the Katz
Index of Independence in Activities of Daily Living
(Appendix 2, available online at http://links.lww.
com/AOG/C61) at the 28-day follow-up.

A total of 39 treatments of 160–200 ppm of nitric
oxide gas inhalation were delivered to the six patients
(ranging from 2 to 18 treatments per patient). Thirteen
of the 26 treatments administered to patient 1, patient
2, and patient 3 occurred when baseline hypoxia was
present (SpO2%/FiO2% ratio,315 is equal to [PaO2]/
FiO2,300 mmHg).8 Systemic oxygenation improved
immediately during the delivery of nitric oxide in
each of these treatment sessions (Appendix 3A, avail-
able online at http://links.lww.com/AOG/C61). Ni-
tric oxide inhalation was associated with rapid
subjective relief of shortness of breath in all patients,
and respiratory rates decreased (Appendix 3B, avail-
able online at http://links.lww.com/AOG/C61), re-
turning to being tachypneic 3 hours after the
treatment (ranging from 0 to 16 hours after the treat-
ment). Heart rate and mean systemic arterial pressure
were unchanged compared with baseline (Appendix
3C and D, available online at http://links.lww.com/
AOG/C61).

By the 28th day after initial hospitalization, five of
six patients had tested negative twice for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
by real time reverse transcription polymerase chain
reaction from a nasopharyngeal swab, and one patient

Fig. 2. Nitric oxide delivery system. Schematic represen-
tation of the NO delivery system for spontaneous breathing
patients. HEPA, high-efficiency particulate air. Modified
from Gianni S, Safaee Fakhr B, Araujo Morais CC, Di Fenza
R, Larson G, Pinciroli R, et al. Nitric oxide gas inhalation to
prevent COVID-2019 in healthcare providers. Preprint.
Posted online April 11, 2020. medRxiv. doi: 10.1101/
2020.04.05.20054544. Used with permission of the author.
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remained positive (Appendix 1, http://links.lww.
com/AOG/C61). C-reactive protein levels were mea-
sured daily in all patients, and levels decreased in
association with the initiation of nitric oxide (Appen-
dix 4A, available online at http://links.lww.com/
AOG/C61). In patient 6, initiation of nitric oxide ther-
apy was associated with decline in C-reactive protein
and interleukin-6 levels and a slow improvement in
absolute lymphocyte counts (Appendix 4B, available
online at http://links.lww.com/AOG/C61).

Inhalation of nitric oxide was well tolerated in all
patients. No acute adverse effects were observed in
any patient. Methemoglobin (baseline 0.9%, inter-
quartile range 0.5–1.3%) was measured continuously
and peaked at 2.5% (interquartile range 2.0–3.0%).

During hospitalization, patients 4 and 5 received
inhaled nitric oxide (5–20 ppm) and supplemental
oxygen during delivery to maintain an SpO2 level
above 95%. Patient 4 delivered vaginally, and patient
5 delivered by cesarean.

Patient 2 required intubation for acute respiratory
distress syndrome and hemodynamic shock and
delivered twins by cesarean under general anesthesia
at 30 weeks of gestation. She developed acute kidney
injury (stage 2) the day after the emergent cesarean
delivery (creatinine 1.12 mg/dL, with a baseline level
of 0.51 mg/dL), and her kidney function returned to
baseline value before discharge. Apgar scores were 2,
5, and 6 at 1, 5, and 10 minutes, respectively, for
newborn A and 4 and 7 at 1 and 5 minutes,
respectively, for newborn B. Birth weights were 1.34
and 1.60 kg, respectively. Both newborns were
intubated and received surfactant at delivery and
were extubated on day 3. All newborns tested
negative on real time reverse transcription polymer-
ase chain reaction for SARS-CoV-2 infection after
delivery and remained in good condition by day 28 of
maternal admission; the twins delivered at 30 weeks
of gestation remain in the neonatal intensive care unit
owing to prematurity, and the other newborns have
been discharged home. Of the three women who
remained pregnant at discharge, two have delivered
without complications, although one had a late pre-
term birth at 36 weeks of gestation.

DISCUSSION

The treatment of severe or critical COVID-19 is
difficult and not well studied. Although this is a
preliminary report on the use of nitric oxide gas from
a small cohort of spontaneously breathing pregnant
patients with COVID-19, there are several plausible
reasons for using nitric oxide in this population, as
graphically illustrated in Appendix 5 (available online

at http://links.lww.com/AOG/C61) together with
previous study on adults9 and newborns,10 including
a reasonable safety profile; potential antiviral, antiin-
flammatory, and mild bronchodilatory action; and
selective pulmonary vasodilation, which may improve
maternal and fetal oxygenation. This study is limited
by the lack of fetal parameters during nitric oxide
treatments, because these data were not recorded.
Acute kidney injury is a known complication of nitric
oxide treatment11; one patient developed acute kid-
ney injury, though a causal relationship between
development of acute kidney injury and administra-
tion of nitric oxide cannot be derived from our data,
and the patient had clinical events that may have con-
tributed to the acute kidney injury, independent of
nitric oxide treatments. Future patients treated with
high-dose nitric oxide should be monitored for the
development of acute kidney injury.

Inhaled nitric oxide gas has been used in preg-
nancy and has not been associated with teratogenic-
ity.12,13 No adverse events were reported in the
medical record or by the clinicians providing high-
dose nitric oxide to the patients (L.B., A.J.K.,
W.H.B., R.W.C., F.I., M.G.C.). Transcutaneous met-
hemoglobin levels peaked on average at 2.5%. Our
decision to use high-concentration nitric oxide treat-
ments (160–200 ppm) in patients with severe or crit-
ical COVID-19 was based on prior reports showing
the antibacterial and antiviral effects of nitric
oxide.2,14 Specifically, Keyaerts et al show in in vitro
studies that nitric oxide released from nitric oxide–
donor molecules exerts a direct antiviral effect
against SARS-CoV-1.1 The two viruses responsible
for the epidemics of 2002–2003 (SARS-CoV-1) and
2019–2020 (SARS-CoV-2) show wide genetic simi-
larities.15 We hypothesize that free-radical nitric oxide
gas exerts virucidal action by direct nitrosation16 of
critical virion proteins required for infection, replica-
tion, and transmission. However, the precise antiviral
effects of nitric oxide have yet to be determined.

In summary, high-dose inhaled nitric oxide was
well tolerated and was associated with improved
oxygenation and respiratory rate for pregnant patients
with severe or critical COVID-19. The potential
benefits of nitric oxide inhalation therapy to improve
outcomes in patients with COVID-19 need to be
tested in prospective randomized trials.17
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