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BACKGROUND
Evidence to support the choice of blood-pressure targets for the treatment of coma-
tose survivors of out-of-hospital cardiac arrest who are receiving intensive care is 
limited.

METHODS
In a double-blind, randomized trial with a 2-by-2 factorial design, we evaluated a 
mean arterial blood-pressure target of 63 mm Hg as compared with 77 mm Hg in 
comatose adults who had been resuscitated after an out-of-hospital cardiac arrest 
of presumed cardiac cause; patients were also assigned to one of two oxygen tar-
gets (reported separately). The primary outcome was a composite of death from 
any cause or hospital discharge with a Cerebral Performance Category (CPC) of 3 or 
4 within 90 days (range, 0 to 5, with higher categories indicating more severe dis-
ability; a category of 3 or 4 indicates severe disability or coma). Secondary outcomes 
included neuron-specific enolase levels at 48 hours, death from any cause, scores 
on the Montreal Cognitive Assessment (range, 0 to 30, with higher scores indicat-
ing better cognitive ability) and the modified Rankin scale (range, 0 to 6, with 
higher scores indicating greater disability) at 3 months, and the CPC at 3 months.

RESULTS
A total of 789 patients were included in the analysis (393 in the high-target group 
and 396 in the low-target group). A primary-outcome event occurred in 133 pa-
tients (34%) in the high-target group and in 127 patients (32%) in the low-target 
group (hazard ratio, 1.08; 95% confidence interval [CI], 0.84 to 1.37; P=0.56). At 
90 days, 122 patients (31%) in the high-target group and 114 patients (29%) in the 
low-target group had died (hazard ratio, 1.13; 95% CI, 0.88 to 1.46). The median 
CPC was 1 (interquartile range, 1 to 5) in both the high-target group and the low-
target group; the corresponding median modified Rankin scale scores were 1 
(interquartile range, 0 to 6) and 1 (interquartile range, 0 to 6), and the correspond-
ing median Montreal Cognitive Assessment scores were 27 (interquartile range, 24 
to 29) and 26 (interquartile range, 24 to 29). The median neuron-specific enolase 
level at 48 hours was also similar in the two groups. The percentages of patients 
with adverse events did not differ significantly between the groups.

CONCLUSIONS
Targeting a mean arterial blood pressure of 77 mm Hg or 63 mm Hg in patients 
who had been resuscitated from cardiac arrest did not result in significantly dif-
ferent percentages of patients dying or having severe disability or coma. (Funded 
by the Novo Nordisk Foundation; BOX ClinicalTrials.gov number, NCT03141099.)
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A central part of goal-directed 
postresuscitation care is maintaining ad-
equate perfusion pressure, but evidence 

for specific blood-pressure targets is limited.1

Blood pressure is actively managed as part of 
most intensive care protocols to deliver suffi-
cient perfusion pressure to vital organs, such as 
the brain, heart, and kidneys.2 However, after a 
cardiac arrest, patients often have underlying or 

concomitant heart disease, and lowering the af-
terload may facilitate cardiac recovery and pos-
sibly survival.3 In addition, vasoactive drugs, in-
cluding catecholamines, are used to keep the 
mean arterial blood pressure above 65 mm Hg 
in the majority of comatose patients who have 
been resuscitated after an out-of-hospital cardiac 
arrest,4 although vasopressor therapy may have 
adverse effects.3,5

A Quick Take 
is available at 
NEJM.org

Table 1. Demographic and Clinical Characteristics of the Patients.*

Characteristic

High Blood-Pressure
Target

(N=393)

Low Blood-Pressure
Target

(N=396)

Age ó  yr 63±13 62±14

Range 19ñ 90 18ñ 89

Male sex ó  no. (%) 316 (80) 320 (81)

Medical history ó  no./total no. (%)

Hypertension, medically treated 176/391 (45) 186/396 (47)

Diabetes 48/393 (12) 62/396 (16)

Myocardial infarction 94/393 (24) 78/394 (20)

Atrial fibrillation 67/392 (17) 60/393 (15)

Heart failure 65/392 (17) 72/395 (18)

Chronic obstructive pulmonary disease 30/392 (8) 33/395 (8)

Stroke 23/393 (6) 36/395 (9)

Chronic kidney diseaseÜ 22/393 (6) 17/395 (4)

Renal-replacement therapy 2/393 (1) 2/395 (1)

Characteristics of the cardiac arrest

Shockable rhythm ó  no./total no. (%) 335/391 (86) 332/396 (84)

Pulseless electrical activity ó  no./total no. (%) 14/391 (4) 21/396 (5)

Witnessed asystole ó  no./total no. (%) 14/391 (4) 16/396 (4)

Witnessed arrest ó  no./total no. (%) 339/392 (86) 333/396 (84)

First defibrillation by automated external defibrillator ó  no./
total no. (%)

98/384 (26) 84/392 (21)

Bystander cardiopulmonary resuscitation ó  no./total no. (%) 340/387 (88) 339/389 (87)

Time to return of spontaneous circulation ó  miná 21±13 21±15

Findings and procedures on arrival at hospital

ST-segment elevation ECG ó  no./total no. (%) 172/391 (44) 178/382 (47)

Coronary angiogram obtained ó  no. (%) 364 (93) 358 (90)

PCI performed ó  no./total no. (%) 171/363 (47) 165/357 (46)

pHß 7.21±0.13 7.22±0.13

Lactate level ó  mmol/liter¶ 6.1±4.1 5.6±3.6

*  Plusñ minus values are means ±SD. The high blood-pressure target was 77 mm Hg, and the low blood-pressure target 
was 63 mm Hg. ECG denotes electrocardiogram, and PCI percutaneous coronary intervention.

Ü   Chronic kidney disease was defined as an estimated glomerular filtration rate of less than 30 ml per minute per 1.73 m2

of body-surface area.
á   Data were missing for 18 patients (13 in the high-target group and 5 in the low-target group).
ß   Data were missing for 43 patients (19 in the high-target group and 24 in the low-target group).
¶   Data were missing for 23 patients (10 in the high-target group and 13 in the low-target group).
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Three small randomized trials have com-
pared the efficacy of two different blood-pres-
sure targets with the use of surrogate end 
points.6-8 The results of the trials were neutral, 
and none were powered to evaluate clinical end 
points and safety.6,7

We recently developed a method for perform-
ing double-blind prospective trials of blood-
pressure targets in patients in intensive care9

and have used this method in the Blood Pressure 
and Oxygenation Targets in Post Resuscitation 
Care (BOX) trial. We tested whether a higher 

M
ea

n
Ar

te
ria

lB
lo

od
Pr

es
su

re
(m

m
H

g) 105

85

45

65

0
BR 122 4 6 8 100 18 24 30 36 48

Hours since Randomization

B Dose of Norepinephrine

A Mean Arterial Blood Pressure

N
or

ep
in

ep
hr

in
e

(µ
g/

kg
/m

in
)

0.75

0.50

0.00

0.25

BR 122 4 6 8 100 18 24 30 36 48

Hours since Randomization

C VasopressorñI notropic Score

Va
so

pr
es

so
rñ

In
ot

ro
pi

c
Sc

or
e

50

40

30

20

0

10

BR 122 4 6 8 100 18 24 30 36 48

Hours since Randomization

Low blood-pressure target High blood-pressure target

The New England Journal of Medicine 
Downloaded from nejm.org by MATTHEW HENDRICKSON on December 1, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 387;16 nejm.org October 20, 2022 1459

Blood-Pressure Targets in Survivors of Cardiac Arrest

(77 mm Hg) or lower (63 mm Hg) target mean 
arterial blood pressure would be superior in 
preventing death or severe anoxic brain injury 
in comatose survivors of out-of-hospital cardiac 
arrest.

Me thods

Trial Design
In the BOX trial, an investigator-initiated, dual-
center, randomized trial with a 2-by-2 factorial 
design, we assigned comatose patients who had 
been resuscitated after an out-of-hospital cardiac 
arrest to be treated to meet one of two blood-
pressure targets (a double-blind intervention) 
and to undergo restrictive oxygenation or liberal 
oxygenation (an open-label intervention) while 
the patient remained in the intensive care unit 
(ICU). Randomization was performed from 
March 2017 through December 2021 at two ter-
tiary cardiac arrest centers in Denmark with the 
use of a Web-based system, random permuted 
blocks of sizes 2, 4, and 6, and stratification ac-
cording to randomization site. Furthermore, pa-
tients underwent a subordinate randomization 
to undergo device-based fever control after the 
first 24 hours. The results for the oxygen-target 
intervention are reported separately,10 and the 

results of the assessment of fever control are not 
included.

Danish legislation permits the immediate 
inclusion of patients who are unable to provide 
consent in clinical trials if delayed proxy consent 
is obtained from a legal representative, most 
often a relative, and a medical doctor with no 
relation to the trial. Informed consent from the 
patient was obtained if the patient regained con-
sciousness, and if the patient died, the need for 
consent was waived. The protocol (available with 
the full text of this article at NEJM.org) was ap-
proved by the Regional Ethics Committee of the 
Capital Region of Denmark before initiation of 
the trial. The trial was designed and overseen by 
the steering committee (see the Supplementary 
Appendix, available at NEJM.org), data were col-
lected by the authors and analyzed by the first 
two authors, and the first author wrote the first 
draft of the manuscript. The authors vouch for 
the accuracy and completeness of the data and 
for the fidelity of the trial to the protocol. Ad-
ditional details of the trial design have been 
published previously.11

Patients
Adult patients (≥18 years of age) who had been 
resuscitated after an out-of-hospital cardiac ar-
rest with a presumed cardiac cause were eligible 
for inclusion if they had a sustained return of 
spontaneous circulation (i.e., no chest compres-
sions for >20 minutes) and remained comatose 
(i.e., were not able to obey verbal commands) on 
arrival at the hospital. Key exclusion criteria in-
cluded unwitnessed asystole and suspected acute 
intracranial bleeding or stroke. A complete list 
of all inclusion and exclusion criteria is provided 
in the Supplementary Appendix.

Treatment Protocol
Patients were treated in accordance with guide-
lines at the discretion of the treating physician. 
For the duration of the trial, all patients received 
temperature control to maintain a temperature 
of 36° C for 24 hours in accordance with guide-
lines for comatose patients who had had an out-
of-hospital cardiac arrest.12,13 Patients were re-
ceiving mechanical ventilation and were sedated, 
primarily with the use of propofol and fentanyl. 
Temperature control was achieved with surface 
cooling (CritiCool and Allon, Belmont Medical 

Figure 1 (facing page). Blood Pressure and Vasopressor
Use over the First 48 Hours.

Panel A shows blood-pressure target assignments and 
mean blood pressure during the first 48 hours after 
randomization. Panels B and C show norepinephrine 
doses (Panel B) and vasopressorñ inotropic scores 
(Panel C) during the first 48 hours after randomization. 
The before-randomization (BR) time point is the first 
available blood-pressure value before randomization, 
and time 0 is the time of randomization (i.e., the first 
measurement obtained with the trial-specific blood-
pressure module). The high blood-pressure target was 
77 mm Hg, and the low blood-pressure target was 
63 mm Hg. Values shown are means, and error bars 
indicate the standard deviation. During the period from 
2 to 48 hours after randomization, the mean between-
group difference in blood pressure was 10.5 mm Hg 
(95% CI, 9.9 to 11.2), the mean difference in norepi-
nephrine dose was 0.038 µg per kilogram per minute 
(95% CI, 0.026 to 0.049), and the mean difference in 
vasopressorñ inotropic score was 3.5 points (95% CI, 
2.4 to 4.6). A definition of the vasopressorñ inotropic 
score is provided in the Supplementary Appendix; higher 
scores indicate a higher degree of pharmacologic circu-
latory support.
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Table 2. Outcomes and Adverse Events.*

Outcome or Event

High Blood-
Pressure Target

(N=393)

Low Blood-
Pressure Target

(N=396) Hazard Ratio (95% CI) P Value

Primary outcome

Death from any cause or CPC of 3 or 4 at discharge 
within 90 days ó  no. (%)Ü

133 (34) 127 (32) 1.08 (0.84ñ 1.37) 0.56

Secondary outcomes

Death from any cause within 90 days ó  no. (%) 122 (31) 114 (29) 1.13 (0.88ñ 1.46)

Acute kidney injury with renal-replacement therapy 
ó  no. (%)

41 (10) 40 (10) 1.03 (0.66ñ 1.59)

Median CPC at 3 months (IQR)Ü 1 (1ñ 5) 1 (1ñ 5)

Median modified Rankin scale score at 3 months (IQR)á 1 (0ñ 6) 1 (0ñ 6)

Median Montreal Cognitive Assessment score, 
per protocol (IQR)ß

20 (15ñ 27) 21 (15ñ 27)

Median Montreal Cognitive Assessment score 
at 3 months, post hoc (IQR)ß

27 (24ñ 29) 26 (24ñ 29)

Median neuron-specific enolase level at 48 hours (IQR) 
ó  µg/liter¶

18 (11ñ 37) 18 (11ñ 34)

Relative Risk (95% CI)

Serious adverse events ó no. (%)

Infection∥ 102 (26) 110 (28) 0.96 (0.82ñ 1.11) 0.56

Arrhythmia** 59 (15) 50 (13) 1.10 (0.79ñ 1.38) 0.33

Any bleedingÜ Ü 82 (21) 92 (23) 0.93 (0.79ñ 1.10) 0.43

Uncontrolled bleedingÜ Ü 22 (6) 16 (4) 0.85 (0.64ñ 1.13) 0.31

Electrolyte disorderá á 23 (6) 34 (9) 0.82 (0.66ñ 1.04) 0.13

Metabolic disorderß ß 31 (8) 31 (8) 1.00 (0.77ñ 1.30) 0.98

Seizure¶ ¶ 76 (19) 88 (22) 0.92 (0.78ñ 1.08) 0.32

*  Because the statistical analysis plan did not include a provision for correcting for multiplicity when tests for efficacy outcomes other than 
the primary outcome were conducted, results are reported as point estimates and 95% confidence intervals. The widths of the confidence 
intervals have not been adjusted for multiplicity, so the intervals should not be used in place of a hypothesis test.

Ü   The Cerebral Performance Category (CPC) ranges from 1 (no symptoms) to 5 (death); a category of 3 or 4 indicates severe disability or a 
coma or vegetative state. For the secondary analysis of the score among patients who were alive at 3 months, categories were available for 
777 patients (385 in the high-target group and 392 in the low-target group).

á   Modified Rankin scale scores range from 0 to 6, with 0 indicating no symptoms, 1 no clinically significant disability, 2 slight disability, 
3 moderate disability, 4 moderately severe disability, 5 severe disability, and 6 death. Scores were available for 774 patients (383 in the 
high-target group and 391 in the low-target group).

ß   Scores on the Montreal Cognitive Assessment range from 0 to 30, with a score of 26 or higher being normal. For the score at 3 months 
(per protocol), the lowest score found in the trial population was assigned to patients who were not available for follow-up, including 
deceased patients. In a post hoc analysis, only patients who completed the test were included. Scores were available for 511 patients in 
the per-protocol analysis (264 in the high-target group and 247 in the low-target group) and for 359 in the post hoc analysis (180 and 179, 
respectively).

¶   Data were available for 625 patients (297 in the high-target group and 328 in the low-target group). The mean (±SD) levels were 35±46 µg 
per liter in the low-target group and 36±50 µg per liter in the high-target group.

∥  Infection was defined as severe sepsis, septic shock, pneumonia during or after ventilator therapy, and other.
**  Arrhythmia was defined as ventricular fibrillation, ventricular tachycardia, tachycardia (>130 beats per minute), bradycardia (<40 beats per 

minute), atrial flutter, atrial fibrillation, need for pacing, or circulatory collapse mandating cardiopulmonary resuscitation.
ÜÜ   Any bleeding included uncontrolled bleeding (>1 unit of blood per 10 kg of body weight per hour), bleeding causing death, or symptomatic 

bleeding in a critical organ (e.g., intracranial, intraspinal, intraocular, intraarticular, or pericardial bleeding).
áá   Electrolyte disorders included hypokalemia (potassium level <3.0 mmol per liter), hypophosphatemia (phosphate level <0.7 mmol per liter), 

or hypomagnesemia (magnesium level <0.7 mmol per liter).
ß ß   Metabolic disorders included sustained hyperglycemia (blood glucose level >10 mmol per liter for >4 hours) or hypoglycemia (blood glu-

cose level <3.0 mmol per liter for >4 hours).
¶ ¶   Seizures included tonicñ clonic, myoclonic, and electrographic status epilepticus.
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Technologies) or with intravenous devices (Ther-
mogard XP and Cool Line Catheter, Zoll). After 
completion of the 24-hour period of temperature 
control, the core temperature was gradually in-
creased to normothermia with a rewarming rate 
of less than 0.5° C per hour, and sedation was 
tapered. Assessment of neurologic outcomes 
was performed by the attending physician in ac-
cordance with guidelines.14

Trial Intervention
Clinical staff, investigators, patients, and out-
come assessors were unaware of the assigned 
blood-pressure targets. For all enrolled patients, 
invasive blood-pressure monitoring with a patient-
specific blood-pressure module (M1006B Inva-
sive Blood Pressure Module, Philips) was used 
for as long as the patient underwent invasive 
blood-pressure monitoring in the ICU. These 
modules had been modified for trial use by ad-
justing the internal calibration to report a blood 
pressure that was either 10% higher or 10% 
lower than the actual blood pressure, depending 
on the assigned blood-pressure target. Thus, 
by targeting a mean arterial blood pressure of 
70 mm Hg in all patients, half the patients would 
have an actual target mean arterial blood pres-
sure of 63 mm Hg (low-target group) and the 
other half would have a target mean arterial 
blood pressure of 77 mm Hg (high-target group).

The offset of the blood-pressure modules was 
performed at a Core Laboratory at the Technical 
Department, Rigshospitalet, which had no other 
part in the trial execution. The patients under-
went randomization as soon as possible after 
arrival at the hospital, usually in the ICU and 
before invasive monitoring of the systemic arte-
rial pressure was established. After randomiza-
tion, systemic arterial blood pressure was mea-
sured with the trial-specific module only. Other 
invasive pressure measurements (i.e., central 
venous pressure or pulmonary artery catheter 
measurements) were obtained without blinding 
with modules that had no offset of calibration.

The protocol provided a recommendation for 
achieving the mean arterial blood pressure of 
70 mm Hg in a three-stage approach: volume 
resuscitation to a central venous pressure of 
10 mm Hg, norepinephrine infusion, and the 
addition of a dopamine infusion for a maximal 
dose of 10 µg per kilogram of body weight per 

minute, if needed. Information on the use of 
vasoactive drugs, including doses, was obtained 
from electronic ICU databases, and the maximal 
dose for a given period was captured. The total 
amount of pharmacologic circulatory support 
was quantified as the vasopressorñ inotropic 
score (higher scores indicate a higher degree of 
support)15,16 (see the Supplementary Appendix).

Outcome Measures
The primary outcome was a composite of death 
from any cause or discharge from the hospital 
with a Cerebral Performance Category (CPC)17,18

of 3 or 4, indicating severe disability or a coma 
or vegetative state, within 90 days after random-
ization (categories range from 1 [no symptoms] 
to 5 [death]). For patients who were discharged 
alive with a CPC of 3 or 4, events were recorded 
at the time of discharge. Secondary outcomes 
included death from any cause within 90 days, 
time to renal-replacement therapy, neuron-spe-
cific enolase levels at 48 hours after randomiza-
tion, the Montreal Cognitive Assessment score19

at 3 months, the modified Rankin scale score at 
3 months, and the CPC at 3 months.20,21 Scores 
on the modified Rankin scale range from 0 to 6, 

Figure 2. Kaplanñ Meier Analysis of the Primary Outcome.

Shown is a plot of the probability of survival free from death from any 
cause or discharge from hospital with a Cerebral Performance Category 
score of 3 or 4 up to 90 days after randomization. Data are for the 789 
patients in the intention-to-treat population. The inset shows the same 
data on an enlarged x axis (truncated at 15 days after randomization).
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with 0 indicating no symptoms, 1 no clinically 
significant disability, 2 slight disability, 3 moder-
ate disability, 4 moderately severe disability, 5 se-
vere disability, and 6 death. The Montreal Cogni-
tive Assessment tests different types of cognitive 
abilities and assigns a score between 0 and 30, 
with a score of 26 or higher being normal. As-
sessment of the CPC, the modified Rankin scale 
score, and the Montreal Cognitive Assessment 
score was performed by trained research person-
nel. Because of coronavirus disease 2019 (Covid-19) 
pandemic restrictions, these assessments were 
performed in a telephone interview or through 
review of hospital charts for some patients, 
which excluded the use of the Montreal Cogni-
tive Assessment in these patients.

The adverse events included in this report are 

bleeding, infection, arrhythmia, electrolyte or 
metabolic abnormalities, acute kidney injury 
with renal-replacement therapy, and seizures.11

Plasma levels of neuron-specific enolase in pa-
tients who were alive at 48 hours were deter-
mined by means of electrochemiluminescence 
(Roche Diagnostics) and with a Cobas analyzer 
system (Roche Diagnostics) in accordance with 
the manufacturer' s instructions.

Statistical Analysis
Our previous data indicate that 6-month mortal-
ity among hospitalized comatose patients who 
have been resuscitated after an out-of-hospital 
cardiac arrest is 33%.22 For the estimation of 
sample size, we assumed that there was no in-
teraction with the oxygenation intervention. 

Figure 3. Subgroup Analysis of the Primary Outcome.

Data are for prespecified subgroup analyses of the primary outcome (death from any cause or discharge from the hospital with a Cere-
bral Performance Category score of 3 or 4). COPD denotes chronic obstructive pulmonary disease, and STEMI ST-segment elevation 
myocardial infarction.
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Samples of 732 or 846 patients would provide a 
power of 0.8 or 0.9, respectively, to detect mor-
tality of 28% in one blood-pressure target 
group and 38% in the other, under the assump-
tion of a two-sided alpha level of 0.05. There-
fore, inclusion of a total of 800 patients was 
planned, with follow-up for all patients con-
tinuing until 3 months after the final patient 
had been enrolled. Global type I error for the 
trial was 0.05, and the two-sided alpha level for 
the analysis of the primary outcome was 0.0471 
after correction for the two planned interim 
analyses. The mean between-group difference 
in blood pressure, norepinephrine dose, and 
vasopressorñ inotropic score during the period 
from 2 to 48 hours after randomization was 
calculated in a repeated-measures variance 
component model.

The primary outcome and the secondary out-
comes relating to death from any cause and re-
ceipt of renal-replacement therapy were adjusted 
for site in a proportional-hazards model. The 
assumption of proportional hazards was ful-
filled. Because the statistical analysis plan did 
not include a provision for correcting for multi-
plicity, the results for efficacy outcomes other 
than the primary outcome are reported as point 
estimates and 95% confidence intervals, and the 
intervals should not be used in place of a hy-
pothesis test. Event-free survival was assessed in 
a Kaplanñ Meier analysis.

In prespecified subgroup analyses of the 
primary outcome, we evaluated subgroups based 
on sex, median age, site, and status with re-
spect to known chronic obstructive pulmonary 
disease (COPD), hypertension (receipt of anti-
hypertensive drugs) or renal disease (glomeru-
lar filtration rate <30 ml per minute per 1.73 m2

of body-surface area or current renal-replace-
ment therapy), shockable primary rhythm, and 
acute ST-segment elevation myocardial infarc-
tion. The statistical analysis plan included an 
analysis of Montreal Cognitive Assessment 
scores in which missing scores and scores for 
deceased patients were included as the lowest 
score measured in the trial population (i.e., 
15).11 A two-sided P value of less than 0.05 was 
considered to indicate statistical significance. 
Statistical analyses were performed with the 
use of SAS Enterprise statistical software, ver-
sion 3.8 (SAS Institute).

R esult s

Patients

A total of 802 patients were enrolled in the trial 
from March 2017 through December 2021. The 
screening and inclusion of patients is shown in 
Figure S1 in the Supplementary Appendix. Con-
sent was withdrawn for 12 patients (use of data 
was not allowed), and 1 patient underwent ran-
domization twice, leaving 789 patients in the 
trial population. Four patients died before the 
intervention was initiated, and in 2 patients 
the blood-pressure intervention was stopped by 
the treating physician because of hemodynamic 
instability; all 6 of these patients remained in 
the analyses. The median time from cardiac ar-
rest to randomization was 146 minutes (inter-
quartile range, 113 to 187). Two non-Danish 
patients were transferred and lost to follow-up; 
data for these patients were censored on the day 
when the modified Rankin scale score and CPC 
were recorded (on day 12 for one patient and on 
day 13 for the other). The baseline characteris-
tics of the patients were well balanced in the two 
blood-pressure target groups (Tables 1 and S2).

Blood-Pressure Intervention
Separation of the blood-pressure values for the 
high-target and low-target groups was apparent 
from the first value measured by the offset 
blood-pressure module, with a mean difference 
of 10.7 mm Hg (95% confidence interval [CI], 
10.0 to 11.4) between the groups. The norepineph-
rine dose and the vasopressorñ inotropic score 
were higher in the high-target group than in the 
low-target group (Fig. 1).

Outcomes and Adverse Events
At 90 days, 133 patients (34%) in the high-target 
group and 127 patients (32%) in the low-target 
group had been discharged from the hospital 
with a CPC of 3 or 4 or had died (hazard ratio, 
1.08; 95% CI, 0.84 to 1.37; P=0.56) (Table 2 and 
Fig. 2). A total of 24 patients (3%) had been dis-
charged from the hospital with a CPC of 3 or 4: 
11 in the high-target group and 13 in the low-
target group. No interaction with the oxygen-
target intervention was found (P=0.67). The re-
sults appeared to be consistent across most of 
the prespecified subgroups (Fig. 3). A total of 
122 of 393 patients (31%) in the high-target 
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group and 114 of 396 patients (29%) in the low-
target group died within 90 days (Table 2 and 
Fig. S2). Renal-replacement therapy was initiated 
within the first 5 days in 41 patients (10%) in 
the high-target group and 40 patients (10%) 
in the low-target group (hazard ratio, 1.03; 95% 
CI, 0.66 to 1.59).

The Montreal Cognitive Assessment score 
was available for 359 of the 552 patients (65%) 
who were alive at 3 months. Data on the CPC, 
modified Rankin scale score, and Montreal Cog-
nitive Assessment score at 3 months and on 
plasma levels of neuron-specific enolase at 48 
hours are summarized in Table 2. The distribu-
tions of results on the CPC and modified Rankin 
scale are shown in Figure S4. Data on median 
neuron-specific enolase levels were available for 
79% of the patients; the median level was 18 µg 
per liter (interquartile range, 11 to 37) in the 
high-target group and 18 µg per liter (interquar-
tile range, 11 to 34) in the low-target group. No 
significant differences were found in the per-
centages of patients with adverse events, includ-
ing infection, arrhythmia, bleeding, and seizures 
(Table 2).

Discussion

In this double-blind, randomized trial compar-
ing two clinically relevant mean arterial blood-
pressure targets, we found no significant differ-
ence in the percentage of patients who died or 
were discharged from the hospital with a poor 
neurologic outcome (CPC of 3 or 4) within 90 
days. The results were consistent in the pre-
specified subgroups.

Our results add to those of two smaller, open-
label trials of blood-pressure targets in postresus-
citation care in which findings on magnetic 
resonance imaging of the head6 and levels of 
neuron-specific enolase were used as markers of 
the extent of neurologic brain injury.7 In these 
two trials, mean pressures of approximately 70 
to 74 mm Hg in the lower target range and 84 to 
87 mm Hg in the higher target range were at-
tained, and the neuron-specific enolase levels 
were 20 to 22 µg per liter in one trial7 and 42 
to 59 µg per liter in the other,6 as compared 
with 35 to 36 µg per liter in the present trial. 
At 6 months, 70%7 and 45%6 of the patients in 
the two trials were alive, as compared with 67% 
of the patients in the current trial.

Perfusion of the brain depends on the mean 
arterial pressure and is controlled through cere-
brovascular autoregulation to ensure adequate 
perfusion at varying blood pressures. After an 
out-of-hospital cardiac arrest, this delicate bal-
ance between flow and pressure may be dis-
rupted, with lower perfusion at a given pressure 
during the first 12 to 24 hours after the cardiac 
arrest.23,24 Observational data suggest that the 
mean arterial blood pressure that should be 
used to secure flow to the postanoxic brain is at 
least 75 mm Hg,25 whereas guidelines suggest 
that mean arterial pressure should be main-
tained above 65 mm Hg.1,14 Maintenance of a 
higher mean arterial pressure in the postresus-
citation period may be warranted in patients 
with preexisting hypertension.23 In patients with 
sepsis, targeting a higher blood pressure has 
been associated with lower rates of dialysis 
among those with preexisting hypertension.26

Our results do not suggest a benefit of a higher 
blood-pressure target in the subgroup of pa-
tients with known hypertension.

The interaction of preexisting COPD favoring 
a high blood-pressure target is likely to be spuri-
ous and should be interpreted with great cau-
tion. In addition, as compared with the lower 
target, the higher blood-pressure target in our 
trial was not associated with an increased risk of 
adverse events. In contrast, a higher blood pres-
sure in patients with sepsis has previously been 
associated with increased risk of arrhythmia.26

Our trial has limitations. The mean differ-
ence in blood pressure between the groups was 
10.7 mm Hg and therefore was lower than the 
expected value (14 mm Hg). However, since a 
clinically significant separation in blood pres-
sure was observed between the groups, and the 
doses of norepinephrine and vasopressor were 
substantially higher in the high-target group 
than in the low-target group, we believe that the 
trial provides strong evidence for an absence of 
clinically important differences in the assessed 
outcomes, although our findings cannot be ex-
trapolated to blood-pressure targets that are 
higher or lower than those used in this trial. 
Although the hypothesized treatment effect may 
be seen as overly optimistic, given the consis-
tency of the results in the two groups, the risk 
of type 2 error seems low.

Follow-up in our trial was challenging as a 
result of Covid-19 restrictions, including a tem-
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porary pause in research-related follow-up visits 
and a subsequent reluctance among patients to 
visit a hospital. As a result, the number of pa-
tients available for follow-up visits and assess-
ment of cognitive testing was lower than ex-
pected. The number of blood samples in the 
biobank was also lower than expected, mainly 
because of delayed initiation of sampling for the 
biobank at one site.

A strength of our trial is that the results were 
consistent across the objective outcomes we ex-
amined (death, neurologic outcomes, and labo-
ratory findings). Furthermore, our sample size, 
which was seven times as large as those in previ-
ous trials,6,7 and the small number of patients 
who did not meet screening requirements, the 
consistency of the eligibility criteria with those 
used in previous trials, and the double-blinded 
intervention increase the generalizability of our 
results and reduce the risk of bias. However, the 
trial was conducted in only two high-volume 
cardiac arrest centers and included a population 
of patients with a high prevalence of acute coro-
nary syndrome and a relatively good prognosis 

based on risk factors on arrival at the hospital. 
These aspects of the trial may affect the gener-
alizability of our results.

In this trial, targeting a mean arterial blood 
pressure of 77 mm Hg as compared with 63 mm 
Hg in patients who had been resuscitated after 
an out-of-hospital cardiac arrest did not result in 
a significant difference in the percentage of pa-
tients who died or had severe disability or coma.
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