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IMPORTANCE Therapeutic delivery of sodium nitrite during resuscitation improved
survival in animal models of cardiac arrest, but efficacy has not been evaluated
in clinical trials in humans.

OBJECTIVE To determine whether parenteral administration of sodium nitrite given
by paramedics during resuscitation for out-of-hospital cardiac arrest improved survival
to hospital admission.

DESIGN, SETTING, AND PARTICIPANTS Double-blind, placebo-controlled, phase 2 randomized
clinical trial including 1502 adults in King County, Washington, with out-of-hospital cardiac
arrest from ventricular fibrillation or nonventricular fibrillation. Patients underwent
resuscitation by paramedics and were enrolled between February 8, 2018, and August 19,
2019; follow-up and data abstraction were completed by December 31, 2019.

INTERVENTIONS Eligible patients with out-of-hospital cardiac arrest were randomized (1:1:1)
to receive 45 mg of sodium nitrite (n = 500), 60 mg of sodium nitrite (n = 498), or placebo
(n = 499), which was given via bolus injection by the paramedics as soon as possible during
active resuscitation.

MAIN OUTCOMES AND MEASURES The primary outcome was survival to hospital admission
and was evaluated with 1-sided hypothesis testing. The secondary outcomes included
out-of-hospital variables (rate of return of spontaneous circulation, rate of rearrest, and use
of norepinephrine to support blood pressure) and in-hospital variables (survival to hospital
discharge; neurological outcomes at hospital discharge; cumulative survival to 24 hours, 48
hours, and 72 hours; and number of days in the intensive care unit).

RESULTS Among 1502 patients with out-of-hospital cardiac arrest who were randomized
(mean age, 64 years [SD, 17 years]; 34% were women), 99% completed the trial. Overall,
205 patients (41%) in the 45 mg of sodium nitrite group and 212 patients (43%) in the 60 mg
of sodium nitrite group compared with 218 patients (44%) in the placebo group survived to
hospital admission; the mean difference for the 45-mg dose vs placebo was −2.9% (1-sided
95% CI, −8.0% to �; P = .82) and the mean difference for the 60-mg dose vs placebo was
−1.3% (1-sided 95% CI, −6.5% to �; P = .66). None of the 7 prespecified secondary outcomes
were significantly different, including survival to hospital discharge for 66 patients (13.2%)
in the 45 mg of sodium nitrite group and 72 patients (14.5%) in the 60 mg of sodium nitrite
group compared with 74 patients (14.9%) in the placebo group; the mean difference
for the 45-mg dose vs placebo was −1.7% (2-sided 95% CI, −6.0% to 2.6%; P = .44) and
the mean difference for the 60-mg dose vs placebo was −0.4% (2-sided 95% CI, −4.9% to
4.0%; P = .85).

CONCLUSIONS AND RELEVANCE Among patients with out-of-hospital cardiac arrest,
administration of sodium nitrite, compared with placebo, did not significantly improve
survival to hospital admission. These findings do not support the use of sodium nitrite during
resuscitation from out-of-hospital cardiac arrest.
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O ut-of-hospital cardiac arrest is a common cause of pre-
mature morbidity and mortality and hence a major
public health challenge.1 Existing treatments for out-

of-hospital cardiac arrest combine cardiopulmonary resusci-
tation (CPR) and early defibrillation by bystanders or first re-
sponders with advanced cardiac life support by emergency
medical services (EMS) personnel. The advanced life support
treatments include CPR, defibrillation, intravenous drugs, and
postresuscitation care.2-4 Neurological injury is the major cause
of morbidity and mortality in these patients; most resusci-
tated patients never regain consciousness.5-8 Despite ad-
vances in resuscitation, more than 80% of those in whom cir-
culation was restored after out-of-hospital cardiac arrest died
before hospital discharge in studies with data collected be-
tween 2005 and 2015.9,10

Nitrite therapy limits cellular injury and apoptosis after is-
chemia and reperfusion and nitrite therapy is cytoprotective
in numerous animal models of focal ischemia.11 In a rodent
model of cardiac arrest, giving a single, low intravenous dose
of nitrite during resuscitation significantly improved relative
survival by 48% compared with placebo.12 Other animal mod-
els suggest that serum nitrite levels between 10 μM and 20 μM
during the early reperfusion period following cardiac arrest are
associated with improved survival.13 Based on results from a
phase 1, open-label study in 125 patients with out-of-hospital
cardiac arrest, a sodium nitrite dose of 45 mg or 60 mg given
during resuscitation was sufficient to achieve serum nitrite
levels between 10 μM and 20 μM within 10 to 15 minutes
after administration.14

The aim of this randomized trial was to determine
whether sodium nitrite given during active resuscitation of
patients with out-of-hospital cardiac arrest improved sur-
vival to hospital admission.

Methods
Ethical Oversight
The trial was conducted with exception from informed con-
sent for emergency research conditions in accordance with all
applicable federal regulations (21 CFR §50.24) and investiga-
tional new drug provisions by the US Food and Drug Admin-
istration. The institutional review boards at the University of
Washington and at all the acute care hospitals in Seattle and
King County, Washington, provided approval. Oversight was
performed by an independent data and safety monitoring
board. Study personnel contacted the patient’s family as soon
as feasible after enrollment to explain the study and seek writ-
ten informed consent to review the patient’s medical rec-
ords. Families of deceased patients were notified of partici-
pation by mail.

Study Setting and Patients
This double-blind, randomized clinical trial assigned adults
with out-of-hospital cardiac arrest to 45 mg of sodium nitrite,
60 mg of sodium nitrite, or normal saline (placebo) during
active resuscitation by paramedics. Seattle and King County,
Washington, EMS collectively serve a population of 2.3 mil-

lion residents and respond to more than 1100 nontraumatic
cardiac arrests annually using a 2-tiered response. First-tier
responders are trained in high-performance CPR and are
equipped with automated external defibrillators. Second-tier
responders are paramedics who provide advanced cardiac
life support including defibrillation, intubation, and adminis-
tration of resuscitation drugs. Patients with return of pulses
are transported to 1 of 10 hospitals, each with intensive care
units (ICUs) and 24-hour coronary catherization laboratories.

Cardiac arrest was defined as a sudden pulseless collapse
requiring CPR by EMS personnel. Except for trauma, all
causes of cardiac arrest were considered, including those
with ventricular fibrillation (VF), pulseless ventricular tachy-
cardia, or non-VF (defined as nonshockable rhythms) as the
first recorded rhythm. Eligible patients received advanced
life support by paramedics, had intravenous or intraosseous
access, were older than aged 18 years, and were comatose
at enrollment.

The study began on February 8, 2018, and the last patient
was enrolled on August 19, 2019, with follow-up and data ab-
straction completed by December 31, 2019. The trial protocol
appears in Supplement 1. All investigators, key personnel, and
paramedics in Seattle and King County, Washington, were
trained on procedures prior to study commencement.

Study Intervention
Patients were randomized 1:1:1 to 45 mg of sodium nitrite,
60 mg of sodium nitrite, or placebo based on the contents of a
blinded study drug kit identifiable with a study number
(Figure 1). Randomization was performed using computer-
generated random samples and permuted block sizes of 3, 6,
and 9 and was stratified by 4 regions in Washington State (South
County, Redmond/Bellevue, Shoreline, and Seattle). A study
kit contained a 3-mL glass syringe filled with 2 mL of sodium
nitrite (22.5 mg/mL), 2 mL of sodium nitrite (30 mg/mL), or
2 mL of normal saline (Exela Pharma Sciences) that were in-
distinguishable in appearance. Stability testing of each prod-
uct was performed throughout the course of the trial period.
In addition, assays for sodium nitrite levels were performed
on syringe contents from predesignated study kits that were
periodically removed from paramedic units during the trial.

Eligible patients received intravenous or intraosseous
sodium nitrite or placebo as soon as possible. The content of

Key Points
Question Does the use of sodium nitrite during resuscitation from
out-of-hospital cardiac arrest improve survival to hospital
admission?

Finding In this phase 2 randomized clinical trial that included 1502
patients, out-of-hospital administration with 45 mg or 60 mg of
sodium nitrite during active resuscitation by paramedics,
compared with placebo, did not significantly improve survival to
hospital admission (41% for the 45-mg dose and 43% for the
60-mg dose vs 44% for placebo).

Meaning These findings do not support the use of sodium nitrite
during resuscitation from out-of-hospital cardiac arrest.
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the study syringe was administered over 1 to 2 minutes by the
paramedics. Once a study kit had been opened, the patient was
considered randomized to that treatment group whether or not
any study drug was administered.

The intervention and control groups were otherwise
treated the same according to standard out-of-hospital resus-
citation protocols. Paramedics transported patients to all
acute care hospitals in King County, Washington, and pro-
vided information sheets describing the study to hospital
physicians. Paramedics, emergency department staff, inpa-
tient physicians, and nursing staff at receiving hospitals were
blinded to treatment assignment. Study personnel who
abstracted medical records for the outcomes were unaware
of study allocation.

Outcomes
The primary outcome was survival to hospital admission,
which was defined as formal inpatient assignment and arrival
to a hospital ICU bed. The secondary outcomes included both
out-of-hospital and in-hospital variables and included rate of
rearrest (defined as loss of pulse); use of norepinephrine by
paramedics; rate of return of spontaneous circulation; num-
ber of days in the ICU; cumulative survival to 24 hours, 48
hours, and 72 hours; survival to hospital discharge; and neu-
rological status at hospital discharge. Data from standard
reports completed by paramedics and from hospital records
were collected as previously described.15,16 The time inter-
vals included (1) from receipt of the 9-1-1 call to the arrival of
EMS personnel and (2) from receipt of the 9-1-1 call to ran-

domization (ie, study kit was opened) and were determined
from review of the EMS records and from review of down-
loaded defibrillator data.

Neurological status at the time of hospital discharge was
assessed by review of the daily progress notes and was
assigned a Cerebral Performance Category (CPC) score as fol-
lows: a score of 1 indicates good cerebral performance (con-
scious, alert, and able to work); 2, moderate cerebral disabil-
ity (conscious, sufficient cerebral function for independent
activity); 3, severe cerebral disability (conscious, dependent
on others for daily support due to impaired brain function);
4, comatose or in a vegetative state; and 5, dead.16,17 The CPC
scores of 1 and 2 were grouped as mild to moderate impair-
ment and the CPC scores of 3 and 4 were grouped as severe
impairment. The initial plan was to use the modified Rankin
Scale; however, the CPC scoring system was used instead
because the medical record abstracters did not have experi-
ence using the modified Rankin Scale. This change was made
before the first patient was enrolled.

To assess for potential adverse effects of the interven-
tion, several prespecified and post hoc variables and out-
comes were evaluated. The half-life of sodium nitrite is 40 to
50 minutes; sodium nitrite infusion is associated with a re-
duction in mean blood pressure of 7 mm Hg in healthy
individuals.18 Therefore, we examined the first recorded blood
pressure level at hospital arrival and any evidence of sus-
tained hypotension in the hospital, which was defined as a sus-
tained systolic blood pressure level of less than 90 mm Hg.
We examined the medical record for any withdrawal of

Figure 1. Study Enrollment and Analysis

2264 Patients with potential out-of-
hospital cardiac arrest screened

1502 Study kit opened by EMS

762 Excluded
278 Not considered for enrollment by EMS

personnel

64 Aged <18 ya

9 Incarcerateda

9 Missing or damaged kit
3 Pregnanta

41 Other reasons

256 Had DNR order, rigor, or lividitya

102 Not comatose

5 Excluded due to missing kit information

1497 Randomizedb

499 Randomized to receive placebo
499 Received placebo as randomized

498 Randomized to receive
60 mg of sodium nitrite

498 Received 60 mg of sodium
nitrite as randomized

500 Randomized to receive
45 mg of sodium nitrite

500 Received 45 mg of sodium
nitrite as randomized

496 Included in primary analysis
3 Excluded from primary

analysis (aged <18 y)

497 Included in primary analysis
1 Excluded from primary

analysis (aged <18 y)

499 Included in primary analysis
1  Excluded from primary

analysis (incarcerated)

The study inclusion criteria were
patients with out-of-hospital cardiac
arrest who received advanced life
support by paramedics, those having
intravenous or intraosseous access,
being aged 18 years or older, and
being comatose. DNR indicates do
not resuscitate; EMS, emergency
medical services.
a Indicates an exclusion criterion.
b Randomization was stratified

by 4 geographic regions in
Washington State (South County,
Redmond/Bellevue, Seattle,
and Shoreline).
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life-sustaining support as a measure of the level of intensity
of patient care.

In addition to these prespecified outcomes, both post hoc
out-of-hospital and post hoc in-hospital outcomes also were
examined to further assess the treatment effects on hemody-
namics and the intensity of hospital treatment. For out-of-
hospital events, we assessed the first blood pressure level ob-
tained by paramedics in the field after randomization. In the
hospital setting, evidence for rearrest during the first 24 hours
of hospitalization, use of vasopressors, pH determined by the
first arterial blood gas measurement, and a positive troponin
level (defined as >0.02-0.08 ng/mL at any time during the hos-
pitalization) were used as measures of possible adverse ef-
fects of the treatment. The use of targeted temperature man-
agement and cardiac catherization during hospitalization were
used as measures of the intensity of in-hospital treatment. Sur-
vival outside the ICU (defined as the number of days alive but
not in the ICU during first 30 days after index cardiac arrest)
was used as a composite measure of morbidity and mortality.

Sample Size
We estimated a priori that a sample size of 1500 (500 per group)
would provide 80% power to detect an absolute increase of
8% for the hospital admission rate between each of the treat-
ment groups and the placebo group using a 1-sided test with
an α level of .05 for each comparison and a hospital admis-
sion rate of 40% in the placebo group. No human studies were
available. The animal study demonstrating an absolute in-
crease in survival of 28%12 seemed overly optimistic, there-
fore, we chose an increase of 8% for the hospital admission rate
to be a conservative, yet clinically meaningful, estimate. This
1-sided test was used because only an increase in the hospital
admission rate would support progression to a multicenter,
phase 3 clinical trial.19,20

Statistical Methods
Categorical variables are presented as number (percentage) and
continuous variables are presented as median (interquartile
range). One-sided tests of proportions were used for the pri-
mary outcome with an analysis of patients by the group to
which they were randomized, complete case analysis, and an
α level of .05 for each of the 2 comparisons (45 mg of sodium
nitrite vs placebo and 60 mg of sodium nitrite vs placebo). For
the secondary and other analyses, the mean differences
(2-sided 95% CIs) for the 2 comparisons are reported.

Furthermore, for each of the 2 comparisons, 2-sided sta-
tistical tests were used. The χ2 test was used for categorical vari-
ables and the Wilcoxon rank sum test was used for continu-
ous variables. Because of the potential for type I error due to
multiple comparisons, the findings from these secondary end
points should be interpreted as exploratory.

Additional secondary analyses of the primary end point
used generalized estimating equations and 2-sided 95% CIs for
binomial outcomes to estimate differences and to adjust for
age, witnessed cardiac arrest status, initial rhythm (VF vs non-
VF), location (public vs private), bystander CPR, and re-
sponse time (from 9-1-1 call to arrival of EMS personnel at the
scene), allowing different correlation for patients treated within

the same geographic region in Washington State (South County,
Seattle, Redmond/Bellevue, Shoreline).

No adjustments were made for multiple comparisons.
A priori subgroup analysis included bystander CPR (yes vs
no), initial rhythm (VF vs pulseless electrical activity and
asystole), observational status of cardiac arrest (witnessed by
EMS personnel vs witnessed by bystander vs unwitnessed),
response time interval from 9-1-1 call to arrival at scene by
EMS personnel among witnessed cardiac arrests (<10 min-
utes vs ≥10 minutes), and sex (male vs female). The potential
for interaction effects between the treatment groups and
these factors were assessed using generalized estimating
equations for binomial outcomes, allowing different correla-
tion for patients treated within the same geographic region
(including main effect and interaction effect terms) and test-
ing (using the Wald test) whether all interaction terms are
simultaneously 0 with 2 degrees of freedom (bystander CPR,
initial rhythm, response time interval from 9-1-1 call to arrival
of EMS personnel, sex) or with 4 degrees of freedom (obser-
vational status of cardiac arrest). One formal interim analysis
was reviewed by the independent data and safety monitoring
board using only a futility boundary.

P < .05 was considered statistically significant. For the sta-
tistical analysis, SPSS version 19.0 (SPSS Inc) and Stata ver-
sion 16.1 (StataCorp) were used.

Post Hoc Analyses
Time to death was graphically represented using Kaplan-
Meier plots and statistically tested using the log-rank statistic.
Patients who were discharged alive were censored at the time
of hospital discharge. The test by Grambsch and Therneau was
used as a global test for the proportionality of hazards.

Results
Enrollment and Randomization
During the enrollment period, participating paramedics
attended to 2264 patients with cardiac arrest, of whom 1502
(66%) were enrolled (mean age, 64 years [SD, 17 years]; 34%
were women) (Figure 1). A total of 762 patients were not
enrolled. Of these 762 patients, 278 (36%) were not consid-
ered for enrollment by the EMS personnel; 102 (13%) were
awake (not comatose); and there were 256 (34%) for whom
advanced cardiac life support was not started because the
paramedics were aware of a do-not-resuscitate order or
because of evidence of lividity or rigor. Characteristics of the
randomized and excluded patients appear in eTable 1 in
Supplement 2.

The study kit number was missing for 5 patients, so they
were not included in the analysis. Five additional patients
were later withdrawn from the study after having been iden-
tified as being in a protected population (4 were aged <18
years and 1 was incarcerated). Thus, 1492 patients were
included in the primary analysis and out-of-hospital and
in-hospital variables were complete in more than 99% of
these patients. There were 5 patients for whom consent for
hospital medical record review could not be obtained. Only
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out-of-hospital, emergency department, and hospital dis-
charge data were available for these 5 patients, but not neu-
rological outcomes or data on in-hospital variables. Baseline
out-of-hospital patient characteristics appear in Table 1; an
intraosseous line was used in 27.8%.

Primary Outcome
Among randomized patients with out-of-hospital cardiac ar-
rest, 205 (41%) in the 45 mg of sodium nitrite group and 212
(43%) in the 60 mg of sodium nitrite group compared with 218
(44%) in the placebo group survived to hospital admission; the
mean difference for the 45-mg dose vs placebo was −2.9%
(1-sided 95% CI, −8.0 to �; P = .82) and the mean difference
for the 60-mg dose vs placebo was −1.3% (1-sided 95% CI, −6.5%
to �; P = .66) (Table 2).

Secondary Outcomes
None of the 7 prespecified secondary outcomes were signifi-
cantly different. There were 270 patients (54%) in the 45 mg
of sodium nitrite group and 294 patients (59%) in the 60 mg
of sodium nitrite group who achieved out-of-hospital re-
turn of spontaneous circulation compared with 291 patients
(59%) in the placebo group; the mean difference for the
45-mg dose vs placebo was −4.6% (95% CI, −10.7% to 1.6%;
P = .15) and the mean difference for the 60-mg dose vs pla-
cebo was 0.5% (95% CI, −5.6% to 6.6%; P = .88). There were

79 patients (16%) in the 45 mg of sodium nitrite group and 77
patients (16%) in the 60 mg of sodium nitrite group who
received out-of-hospital norepinephrine compared with 75
patients (15%) in the placebo group. The rate of out-of-
hospital rearrest (defined by loss of pulse following return of
spontaneous circulation) was 48% in the 45-mg dose group,
53% in the 60-mg dose group, and 48% in the placebo group
(Table 2).

Among patients who survived to hospital admission, there
were no significant differences in the number of ICU days be-
tween the sodium nitrite groups vs placebo; the mean differ-
ence for 45-mg dose vs placebo was 2.2 days (95% CI, −0.9 to
5.4 days; P = .12) and the mean difference for the 60-mg dose
vs placebo was 0.5 days (95% CI, −2.5 to 3.6 days; P = .41)
(Table 2). There were 66 patients (13.2%) in 45-mg dose group
and 72 patients (14.5%) in the 60-mg dose group who sur-
vived to hospital discharge compared with 74 patients (14.9%)
in the placebo group; the mean difference for the 45-mg dose
vs placebo was −1.7% (95% CI, −6.0% to 2.6%; P = .44) and the
mean difference for the 60-mg dose vs placebo was −0.4% (95%
CI, −4.9% to 4.0%; P = .85) (Table 2). Survival at 24 hours, 48
hours, and 72 hours did not differ significantly among the
groups (Table 2).

The generalized estimating equations used to adjust for
age, witnessed cardiac arrest status, initial rhythm (VF vs
non-VF), location, bystander CPR, and response time did not

Table 1. Baseline Out-of-Hospital Patient Characteristicsa

Characteristic

Sodium nitrite

Placebo (n = 496)45 mg (n = 499) 60 mg (n = 497)
Age, median (IQR), y 65 (56-76) 64 (52-76) 67 (55-76)

Sex, No. (%)

Male 329 (66) 330 (66) 331 (67)

Female 170 (34) 167 (34) 165 (33)

Witnessed cardiac arrest, No. (%) 251 (50) 251 (50) 249 (50)

Bystander CPR, No. (%) 269 (54) 268 (54) 279 (56)b

Cardiac arrest before arrival of EMS personnel, No. (%) 435 (87) 431 (87) 444 (90)

Time from 9-1-1 call, median (IQR), min

To arrival of EMS personnel 5.6 (4.4-6.9)b 5.4 (4.4-6.7) 5.3 (4.3-6.9)

To randomization 19.2 (15.8-24.4)c 20.0 (16.0-25.4)d 19.1 (15.9-24.3)e

Initial rhythm, No. (%)

Asystole 229 (45.9) 219 (44.1) 205 (41.3)

Pulseless electrical activity 154 (30.9) 136 (27.4) 147 (29.6)

Ventricular fibrillation or ventricular tachycardia 96 (19.2) 126 (25.3) 119 (24.0)

Otherf 20 (4.0) 16 (3.2) 25 (5.0)

Treatment details

Intubation, No. (%) 483 (97) 475 (96) 472 (95)

Intraosseous delivery, No. (%) 128 (26)g 172 (35)c 113 (23)c

Total No. of shocks, median (IQR) 0 (0-1) 0 (0-2) 0 (0-2)

Abbreviations: CPR, cardiopulmonary resuscitation; EMS, emergency medical
services; IQR, interquartile range.
a The patients who were incarcerated (1 in the 45-mg dose group) or younger

than 18 years (1 in the 60-mg dose group and 3 in the placebo group) were
excluded from all analyses.

b Data were missing for 1 patient.
c Data were missing for 2 patients.

d Data were missing for 4 patients.
e Data were missing for 5 patients.
f Includes pulses on first rhythm check after CPR by EMS personnel, automatic

external defibrillator without shock by EMS personnel, bystander automatic
external defibrillator without shock, or unknown.

g Data were missing for 3 patients.
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demonstrate a significant difference between the 45-mg dose
and placebo (odds ratio, 0.94; 95% CI, 0.72-1.24) or between
the 60-mg dose and placebo (odds ratio, 0.92; 95% CI, 0.70-
1.20) (eTable 2 in Supplement 2).

Additional Prespecified and Post Hoc Analyses
Neither dose of sodium nitrite was associated with a signifi-
cant difference for time to death (P = .37 using a proportional
hazards test; Figure 2). Sodium nitrite administration was not
associated with a significant reduction in the first recorded
blood pressure level at hospital arrival, sustained hypoten-
sion, or the incidence of withdrawal of life-sustaining sup-
port (eTable 3 in Supplement 2).

For the post hoc analyses of the in-hospital outcomes, no
significant differences were evident in the proportion of pa-
tients who underwent cardiac catheterization at any time dur-
ing their hospitalization (26% in 45-mg dose group and 26%
in 60-mg dose group compared with 24% in the placebo group),
and use of targeted temperature management (51% in 45-mg
dose group and 51% in 60-mg dose group compared with 49%
in the placebo group) (eTable 3 in Supplement 2).

A Priori Subgroups
Among patients who had initial rhythm of VF, no significant
differences were noted in survival to hospital admission (eFig-
ure in Supplement 2). Hospital outcomes in patients with the

lowest 25th percentile time from 9-1-1 call to randomization
(<14.6 minutes) and the highest 25th percentile time from 9-1-1
call to randomization (>21.6 minutes) appear in eTables 4 and
5, respectively, in Supplement 2.

Figure 2. Time to Death by Treatment Group
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Observations were censored at hospital discharge. The median observation
time was 0.07 days (interquartile range, 0.03-3.81 days).

Table 2. Primary and Secondary Outcomes

Sodium nitrite
Placebo
(n = 496)

45-mg dose vs placebo 60-mg dose vs placebo
45 mg
(n = 499)

60 mg
(n = 497)

Mean difference
(95% CI) P value

Mean difference
(95% CI) P value

Primary outcome

Survived to hospital admission,
No. (%)

205 (41) 212 (43) 218 (44) −2.9 (−8.0 to �) .82 −1.3 (−6.5 to �) .66

Secondary outcomes

Out-of-hospital return
of spontaneous circulation,
No. (%)

270 (54) 294 (59) 291 (59) −4.6 (−10.7 to 1.6) .15 0.5 (−5.6 to 6.6) .88

Cardiac rearrest, No./total (%) 130/270 (48) 156/294 (53) 139/291 (48) 0.4 (−7.8 to 8.6) .93 5.3 (−2.8 to 13.3) .20

Out-of-hospital use of
norepinephrine after
randomization, No. (%)

79 (16) 77 (16) 75 (15) 0.7 (−3.8 to 5.2) .76 0.4 (−4.1 to 4.9) .87

Time in ICU, mean (SD), d 8.9 (10.4) 7.3 (7.2) 6.7 (8.1) 2.2 (−0.9 to 5.4) .12 0.5 (−2.5 to 3.6) .41

Cumulative survival during
hospital stay, No. (%)

24 h 170 (34.1) 171 (34.4) 181 (36.5) −2.4 (−8.3 to 3.5) .42 −2.1 (−8.0 to 3.9) .49

48 h 152 (30.5) 151 (30.4) 161 (32.5) −2.0 (−7.7 to 3.8) .50 −2.1 (−7.8 to 3.7) .48

72 h 133 (26.7) 131 (26.4) 142 (28.6) −2.0 (−7.7 to 3.6) .49 −2.3 (−7.8 to 3.3) .42

Discharge from hospital 66 (13.2) 72 (14.5) 74 (14.9) −1.7 (−6.0 to 2.6) .44 −0.4 (−4.9 to 4.0) .85

Neurological status at hospital
discharge, No. (%)

(n = 498) (n = 496) (n = 495) .69a .84a

Moderate cerebral disability
or better (CPC score of 1 or 2)b

60 (12.0) 66 (13.3) 66 (13.3) −1.3 (−5.4 to 2.9) 0 (−4.3 to 4.2)

Severe cerebral disability
or coma (CPC score of 3 or 4)b

5 (1.0) 5 (1.0) 7 (1.4) −0.4 (−2.0 to 1.1) −0.4 (−2.0 to 1.1)

Abbreviation: ICU, intensive care unit.
a Overall P values are reported. For each 2-way comparison (45-mg dose vs

placebo and 60-mg dose vs placebo), the χ2 statistic was used to assess
statistical significance. There were 3 categories: moderate, severe, and dead.

b The Cerebral Performance Category (CPC) scores range from 1 (good cerebral
performance [conscious, alert, and able to work]), 2 (moderate cerebral

disability [conscious, sufficient cerebral function for independent activity]),
3 (severe cerebral disability [conscious, dependent on others for daily support
due to impaired brain function]), 4 (comatose or in a vegetative state),
and 5 (dead). The CPC score at hospital discharge was determined by
investigator review of the patient’s chart.
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Discussion

In this phase 2, double-blind, randomized clinical trial of pa-
tients undergoing resuscitation from out-of-hospital cardiac
arrest, administration of sodium nitrite, compared with pla-
cebo, did not significantly improve survival to hospital admis-
sion or survival to hospital discharge. The intervention was not
associated with a significant effect on return of spontaneous
circulation, rate of rearrest, or requirement for vasopressor sup-
port prior to hospital arrival but the 95% CIs did not exclude
potentially clinically meaningful differences. Although the in-
tervention was based on promising studies using animal mod-
els of cardiac arrest and the results from a phase 1 open-
labeled study,13,14,21 the results of this study do not support the
use of sodium nitrite for out-of-hospital cardiac arrest.

Experimental animal evidence suggests that increasing ni-
tric oxide bioavailability using pharmacological or genetic
mechanisms protects organs during ischemia-reperfusion
injury.22 Nitric oxide reduces inflammation, thrombosis, and
production of reactive oxygen species, which are all biochemi-
cal processes involved in neuronal cell injury. Importantly, ni-
tric oxide production is inhibited during hypoxia23 and
ischemia,24-26 which limits the body’s ability to protect or-
gans from tissue damage during reperfusion. The nitrite an-
ion (NO2

−) is converted to nitric oxide during hypoxia or low
pH, independent of nitric oxide synthase activity, making NO2

−

an ideal drug to increase nitric oxide bioavailability during is-
chemia and in reperfusion.27 Nitrite offers an additional ben-
efit of S-nitrosating mitochondrial complex I,28 permitting pro-
tective signaling through an additional mechanism.29

Previous studies suggested that during CPR, nitrite
offered promise for global ischemia and reperfusion because
of its simple dosing at the time of reperfusion, efficacy in
multiple organs (heart, liver, brain, lung, and kidney),11 and
lack of adverse events at the low doses used to attenuate
ischemia-reperfusion injury. Relevant animal studies pro-
vided a rationale to test this therapy in patients with out-of-
hospital cardiac arrest.

The investigation evaluated a generalizable, low-cost
intervention for a condition that accounts for substantial pub-
lic morbidity and mortality. The study was conducted in an
EMS system with an established record of research and effec-
tive out-of-hospital resuscitation, which are characteristics es-
sential for the internal and external validity of the study re-
sults. The investigation had adequate power to detect clinically
important differences in survival to hospital admission for this
phase 2 study. The effect of sodium nitrite in this trial was un-
likely to be modified or confounded by the quality of out-of-
hospital emergency care because of the randomized, blinded
treatment and the fact that the baseline outcomes achieved by
the EMS agencies that participated in this study were good.
The effect of sodium nitrite was unlikely to have been modi-
fied by the quality of hospital-based care because prespeci-
fied and post hoc secondary analyses did not demonstrate a
relationship between any outcomes and the use of early an-
giography, use of targeted temperature management, or with-
drawal of life-sustaining support.

In prior animal studies, delivery of nitrite occurred within
minutes following 12 minutes of asystole.12 In the present clini-
cal study, delivery of sodium nitrite or placebo occurred within
25 to 30 minutes from time of 9-1-1 call (approximate time of
loss of pulse) to nitrite administration, which is longer than the
time in prior animal experiments. However, this time frame
of drug delivery is consistent with that of other drugs in simi-
lar trials,30-32 which ultimately limits the applicability of in-
travenous sodium nitrite.

It is possible that the dose of sodium nitrite was not suffi-
cient or there was a loss of drug potency. Two doses of sodium
nitrite were used (45 mg and 60 mg), which were chosen based
on phase 1 study data, and were sufficient to achieve serum ni-
trite levels between 10 μM and 20 μM within 10 to 15 minutes.14

Higher doses of sodium nitrite could lead to hypotension and
serum nitrite levels greater than 100 μM are associated with neu-
rological injury,12 therefore, higher doses of sodium nitrite would
not likely be safe. However, the 45-mg dose did not achieve bet-
ter outcomes than the 60-mg dose, suggesting that lower doses
would not have proved more beneficial.

It is possible that certain subgroups of patients may have a
greater benefit from sodium nitrite. Age, witnessed cardiac ar-
rest, and paramedic response time are important predictors of
outcome. However, exploratory and subgroup analyses did not
demonstrate a significant effect for out-of-hospital use of so-
dium nitrite on hospital admission, even after accounting for
these differences in the cardiac arrest population.

Limitations
The study has several limitations. First, the sample size cal-
culations of the present study were based on assumptions from
animal studies because human studies were limited. There-
fore, the survival to hospital admission effect size may have
been overestimated. This study may be underpowered to de-
tect smaller differences.

Second, 278 patients (36% of unenrolled patients) were not
considered for enrollment by paramedics. This might suggest
enrollment bias in that patients who were older or who had
more severe underlying illness were not enrolled. However,
the patients not considered for enrollment were generally
younger and there were higher proportions who were admit-
ted to the hospital and who survived to hospital discharge
(eTable 1 in Supplement 2).

Third, this study was not powered or designed specifi-
cally to examine the VF population, however, the absence of
an observed significant difference in the primary or second-
ary outcomes or in the planned subgroup analyses suggests that
a larger trial would be unlikely to detect such a difference in
favor of sodium nitrite therapy.

Conclusions
Among patients with out-of-hospital cardiac arrest, adminis-
tration of sodium nitrite, compared with placebo, did not sig-
nificantly improve survival to hospital admission. These
findings do not support the use of sodium nitrite during
resuscitation from out-of-hospital cardiac arrest.
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