
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med﻿﻿  nejm.org﻿ 1

The authors’ full names, academic de-
grees, and affiliations are listed in the 
Appendix. Address reprint requests to 
Dr. Desch at the Department of Internal 
Medicine–Cardiology, Heart Center Leipzig 
at the University of Leipzig, Strümpellstr. 39, 
Leipzig 04289, Germany, or at steffen​
.desch@​medizin​.uni-leipzig​.de.

*	A list of the investigators in the TOMA-
HAWK trial is provided in the Supple-
mentary Appendix, available at NEJM.org.

Drs. Desch and Freund contributed equal-
ly to this article.

This article was published on August 29, 
2021, at NEJM.org.

DOI: 10.1056/NEJMoa2101909
Copyright © 2021 Massachusetts Medical Society.

BACKGROUND
Myocardial infarction is a frequent cause of out-of-hospital cardiac arrest. How-
ever, the benefits of early coronary angiography and revascularization in resusci-
tated patients without electrocardiographic evidence of ST-segment elevation are 
unclear.

METHODS
In this multicenter trial, we randomly assigned 554 patients with successfully re-
suscitated out-of-hospital cardiac arrest of possible coronary origin to undergo 
either immediate coronary angiography (immediate-angiography group) or initial 
intensive care assessment with delayed or selective angiography (delayed-angiogra-
phy group). All the patients had no evidence of ST-segment elevation on postresus-
citation electrocardiography. The primary end point was death from any cause at 
30 days. Secondary end points included a composite of death from any cause or 
severe neurologic deficit at 30 days.

RESULTS
A total of 530 of 554 patients (95.7%) were included in the primary analysis. At 30 
days, 143 of 265 patients (54.0%) in the immediate-angiography group and 122 of 
265 patients (46.0%) in the delayed-angiography group had died (hazard ratio, 
1.28; 95% confidence interval [CI], 1.00 to 1.63; P = 0.06). The composite of death 
or severe neurologic deficit occurred more frequently in the immediate-angiogra-
phy group (in 164 of 255 patients [64.3%]) than in the delayed-angiography group 
(in 138 of 248 patients [55.6%]), for a relative risk of 1.16 (95% CI, 1.00 to 1.34). 
Values for peak troponin release and for the incidence of moderate or severe bleed-
ing, stroke, and renal-replacement therapy were similar in the two groups.

CONCLUSIONS
Among patients with resuscitated out-of-hospital cardiac arrest without ST-seg-
ment elevation, a strategy of performing immediate angiography provided no 
benefit over a delayed or selective strategy with respect to the 30-day risk of death 
from any cause. (Funded by the German Center for Cardiovascular Research; 
TOMAHAWK ClinicalTrials.gov number, NCT02750462.)
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The prognosis in patients who have 
out-of-hospital cardiac arrest is poor, with 
a mortality of up to 65% even among those 

who undergo successful resuscitation and admis-
sion to the hospital.1 Acute coronary syndrome 
accounts for up to 60% of out-of-hospital cardiac 
arrests in which a cardiac cause has been identi-
fied.2 The finding of ST-segment elevation on 
postresuscitation electrocardiography (ECG) has 
good positive predictive value for acute coronary 
lesions triggering the cardiac arrest.3,4 In the far 
larger subgroup of patients without ST-segment 
elevation, the spectrum of underlying causes is 
considerably broader and includes both cardiac 
and noncardiac causes.3,4

In patients with myocardial infarction, early 
revascularization can preserve ventricular func-
tion and prevent negative consequences of myo-
cardial injury, such as heart failure or arrhyth-
mias. However, routine, unselected early coronary 
angiography may also result in negative effects, 
including procedural risks and delays in the 
identification and treatment of causes of cardiac 
arrest other than acute coronary syndrome.

A recent randomized trial involving patients 
with cardiac arrest without ST-segment elevation 
that compared immediate angiography with de-
layed angiography showed no significant between-
group difference in the primary end point of 
survival at 90 days or in any of the secondary 
efficacy or safety end points.5 However, the trial 
included only patients with a shockable rhythm, 
a population that makes up approximately 60% 
of the patients with out-of-hospital cardiac arrest 
without ST-segment elevation.6 Therefore, evidence 
regarding the general indication and timing of 
coronary angiography in patients with out-of-
hospital cardiac arrest, including those with non-
shockable rhythm, is still limited.

In the TOMAHAWK trial, we tested the hypoth-
esis that routine immediate coronary angiogra-
phy (possibly followed by revascularization) is 
superior to a deferred or selective approach re-
garding 30-day all-cause mortality in resuscitated 
patients with out-of-hospital cardiac arrest with-
out ST-segment elevation.

Me thods

Trial Design and Oversight

This investigator-initiated, randomized, interna-
tional, multicenter, open-label trial had the pri-

mary objective of determining whether patients 
who have undergone successful resuscitation af-
ter out-of-hospital cardiac arrest of possible car-
diac origin without ST-segment elevation benefit 
from immediate coronary angiography for the 
purpose of treating or ruling out acute coronary 
events, as compared with initial intensive care 
evaluation that includes delayed or selective coro-
nary angiography. The design of the trial has 
been described previously.7

The trial was fully funded by the German 
Center for Cardiovascular Research. A data and 
safety monitoring board reviewed all the safety 
aspects of the trial. The protocol (available with 
the full text of this article at NEJM.org) was ap-
proved by the ethics committee at each partici-
pating site. The first author was responsible for 
the trial design, which was modified and ap-
proved by the steering committee. Data were 
gathered by investigators at the participating 
sites. The first author wrote the first draft of the 
manuscript, and all the authors made the deci-
sion to submit the manuscript for publication. 
All the investigators at the trial sites (including 
the authors) signed confidentiality agreements 
with the sponsor regarding the data. The steer-
ing committee vouches for the accuracy and 
completeness of the data and for the fidelity of 
the trial to the protocol. The trial statistician 
vouches for the accuracy of the data analysis.

Patients

Patients who were at least 30 years of age with 
resuscitated out-of-hospital cardiac arrest of pos-
sible cardiac origin without ST-segment eleva-
tion were eligible for inclusion. Patients with 
both shockable and nonshockable arrest rhythms 
were enrolled. A detailed list of inclusion and 
exclusion criteria and information regarding the 
stepwise consenting process are provided in the 
Supplementary Appendix, available at NEJM.org.

Randomization and Treatment

The patients were immediately screened for trial 
participation on admission to the emergency 
department. If the eligibility criteria were met, 
patients were randomly assigned in a 1:1 ratio to 
undergo either immediate coronary angiography 
(immediate-angiography group) or initial inten-
sive care assessment and delayed or selective 
angiography (delayed-angiography group). Ran-
domization was performed by means of randomly 
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changing blocks and stratification according to 
trial site by means of a Web-based system.

The patients in the immediate-angiography 
group were transferred to the catheterization 
laboratory as soon as possible after hospital 
admission. Those in the delayed-angiography 
group were first transferred to the intensive care 
unit (ICU) for further evaluation of the cause of 
the cardiac arrest and for treatment. Further tri-
age was dependent on the results of clinical ex-
amination and objective testing and was left to 
the clinical judgment of the treating physician. 
If the likelihood of an acute coronary trigger for 
the cardiac arrest was deemed to be high, the 
treating physician could proceed to coronary 
angiography after a minimum delay of 24 hours 
after cardiac arrest. Coronary angiography was 
allowed within the first 24 hours in case of sub-
stantial myocardial damage, which was defined as 
an increase in the cardiac troponin I or T level 
of at least 70 times the upper limit of the normal 
range (ULN) or an increase in the level of the 
creatine kinase myocardial band of at least 10 times 
the ULN on testing performed at least 6 hours 
after cardiac arrest, electrical instability possibly 
caused by acute myocardial ischemia, develop-
ment of cardiogenic shock, or new ST-segment 
elevation. If the clinical examination and further 
testing indicated that a cardiac cause was un-
likely, angiography could be either delayed (e.g., 
after the results of noninvasive stress testing 
were available) or abandoned.

Revascularization was to be attempted in both 
groups if at least one major coronary artery had 
disease that was deemed to be clinically relevant 
by the operator (e.g., substantial stenosis, occlu-
sion, ulceration, or thrombus consistent with 
plaque rupture). Given the high-risk features of 
the trial population, the use of percutaneous 
coronary intervention (PCI), as opposed to coro-
nary-artery bypass grafting (CABG), was favored 
whenever possible. However, the ultimate choice 
between PCI and CABG was left to the discretion 
of the individual operator, as was the interven-
tional technique (e.g., stent choice). Further 
postresuscitation treatment in the ICU was pro-
vided according to the local standard of care.

Primary and Secondary End Points

The primary end point was death from any cause 
at 30 days. Key secondary efficacy end points 
were myocardial infarction at 30 days; severe 

neurologic deficit, which was defined as a Cere-
bral Performance Category value of 3 to 5 (with 
3 indicating severe cerebral disability, 4 indicat-
ing coma or vegetative state, and 5 indicating 
brain death) at 30 days8; a composite of death 
from any cause or severe neurologic deficit at 30 
days; length of stay in the ICU; serial values for 
the Simplified Acute Physiology Score (SAPS) II9; 
rehospitalization for congestive heart failure 
within 30 days; and peak release of myocardial 
enzymes. Secondary safety end points were 
moderate or severe bleeding (types 2 to 5 on the 
Bleeding Academic Research Consortium scale, 
which are detailed in the Supplementary Appen-
dix),10 stroke, and acute kidney failure leading to 
renal-replacement therapy.

The clinical end points of myocardial infarc-
tion, severe neurologic deficit, new congestive 
heart failure, bleeding, stroke, and acute kidney 
failure leading to renal-replacement therapy were 
adjudicated by a clinical events committee whose 
members were aware of trial-group assignments 
and were not otherwise involved in the trial 
conduct.

Statistical Analysis

At the time that the trial was designed, data 
were available from only one observational trial 
that exclusively evaluated clinical outcomes among 
survivors of out-of-hospital cardiac arrest with-
out ST-segment elevation according to the timing 
of angiography.11 In that trial, 30-day mortality 
was 34% among patients who had undergone 
emergency angiography and 46% among those 
who had undergone delayed or selective angiog-
raphy. For the current trial, we selected a se-
quential statistical design in which one interim 
analysis was performed after the occurrence of 
109 primary events. The global two-sided sig-
nificance level was set at 0.05, with levels of 
0.0242 for the interim analysis and 0.0342 for 
the final analysis. Thus, we determined that the 
enrollment of 558 patients would provide a 
power of 80% to reject the null hypothesis of no 
difference between groups. Details regarding 
the sample-size calculation are provided in the 
Supplementary Appendix.

The primary efficacy analysis was performed 
in the intention-to-treat population, which in-
cluded all the patients who had undergone ran-
domization with the exception of four patients 
who were found to have not met the inclusion 
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criteria. The per-protocol population was evalu-
ated in a sensitivity analysis of efficacy end 
points, and the safety population was evaluated 
for the analysis of safety events according to the 
as-treated principle. (A full description of the 
trial populations is provided in the Supplemen-
tary Appendix.)

Predefined subgroup analyses were performed 
according to sex, diabetes status, age (<65 years 
or ≥65 years), targeted temperature management 
(received or not received), shockable or non-
shockable rhythm, time from cardiac arrest to a 
return of spontaneous circulation (<15 minutes 
or ≥15 minutes), and the presence or absence of 
confirmed myocardial infarction as the event 
trigger.

For the primary analysis, we used a Cox 
model stratified according to trial site to calcu-
late the hazard ratio and a two-sided log-rank 
test to calculate the P value. On the assumption 
of noninformative censoring, we treated the data 
for patients who were lost to follow-up in the 
same manner as the data for patients with ad-
ministrative censoring. Sensitivity analyses were 
performed with the use of worst-case and worst-
comparison imputation. For all end points, 95% 
confidence intervals have not been adjusted for 
multiple comparisons. A competing-risk model 
was added for several secondary end points.

R esult s

Patients

From November 2016 through September 2019, 
a total of 558 patients were found to be eligible 
for randomization at 31 trial sites in Germany 
and Denmark (Fig. S1 in the Supplementary Ap-
pendix), and 4 of these patients did not fully 
complete the randomization process because of 
technical reasons. Thus, 554 patients were ran-
domly assigned to the immediate-angiography 
group (281 patients) or the delayed-angiography 
group (273 patients).

The characteristics of the patients at baseline 
were well balanced in the two treatment groups 
(Table 1 and Table S1). The median age in the 
overall population was 70 years (interquartile 
range [IQR], 60 to 78), and 30.4% of the patients 
were women. A total of 37.6% of the patients had 
known coronary artery disease. The median time 
from cardiac arrest to a return of spontaneous 

circulation was 15 minutes (IQR, 9 to 20). In the 
overall population, 55.5% of the patients had a 
shockable arrest rhythm. The majority of patients 
were comatose on admission, with a median 
score of 3 (IQR, 3 to 3) on the Glasgow Coma 
Scale, which ranges from 3 to 15, with 3 indicat-
ing that the patient is unresponsive and 15 indi-
cating that the patient is fully alert.

Treatment and Procedures

Details regarding treatment and procedures in 
the early course after hospital admission are 
provided in Table 2. Coronary angiography was 
performed in 95.5% of patients in the immedi-
ate-angiography group and in 62.2% of those in 
the delayed-angiography group.

A total of 13 patients (4.6%) in the immedi-
ate-angiography group did not undergo imme-
diate cardiac catheterization. Of those patients, 
6 died before immediate coronary angiography. 
The remaining 7 patients did not receive the allo
cated intervention. In the delayed-angiography 
group, 22 patients (8.1%) underwent coronary 
angiography within the first 24 hours after hos-
pital admission without fulfilling protocol-spec-
ified clinical criteria for early catheterization. 
(Details regarding these patients are provided in 
the Supplementary Appendix.) The median time 
from cardiac arrest to coronary angiography 
(defined as introduction of the access sheath) 
was 2.9 hours (IQR, 2.2 to 3.9) in the immediate-
angiography group and 46.9 hours (IQR, 26.1 to 
116.6) in the delayed-angiography group.

The prevalence of coronary artery disease 
among patients who underwent cardiac cathe-
terization was 60.7% in the immediate-angiog-
raphy group and 72.1% in the delayed-angiogra-
phy group. One or more coronary lesions that 
were considered to be responsible for triggering 
cardiac arrest were identified in 38.1% of the 
patients in the immediate-angiography group 
and in 43.0% of those in the delayed-angiogra-
phy group. The overall frequency of coronary 
revascularization was 39.6% (37.2% of the pa-
tients in the immediate-angiography group and 
43.2% of those in the delayed-angiography group).

The majority of patients in both treatment 
groups received targeted temperature management 
(77.6% in the immediate-angiography group and 
78.6% in the delayed-angiography group); the 
median time from hospital admission to the ini-
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Immediate 
Angiography 

(N = 265)

Delayed or Selective 
Angiography 

(N = 265)

Median age (IQR) — yr 69 (59–78) 71 (60–79)

Female sex — no. (%) 80 (30.2) 81 (30.6)

Median body-mass index (IQR)† 26.5 (24.5–29.4) 26.2 (24.2–29.4)

Medical condition or risk — no./total no. (%)

Diabetes mellitus 71/244 (29.1) 74/251 (29.5)

Hypertension 161/240 (67.1) 162/234 (69.2)

Current smoker 49/164 (29.9) 59/171 (34.5)

Dyslipidemia 80/227 (35.2) 84/228 (36.8)

Coronary artery disease 79/229 (34.5) 93/229 (40.6)

Previous myocardial infarction 44/228 (19.3) 45/227 (19.8)

Previous PCI 40/217 (18.4) 58/220 (16.4)

Previous CABG 19/237 (8.0) 25/236 (10.6)

Peripheral artery disease 27/220 (12.3) 21/224 (9.4)

Previous stroke or transitory ischemic attack 24/228 (10.5) 20/225 (8.9)

Circumstance during cardiac arrest — no./total no. (%)

Arrest witnessed 236/259 (91.1) 226/257 (87.9)

Shockable first monitored rhythm 126/241 (52.3) 142/242 (58.7)

Bystander cardiopulmonary resuscitation 142/247 (57.5) 152/252 (60.3)

Before hospital admission

Median time from arrest to basic life support (IQR) — min 2 (0–8) 1 (0–5)

Median time from arrest to return of spontaneous circulation 
(IQR) — min

15 (10–20) 15 (8–20)

Prehospital extracorporeal life support — no./total no. (%) 2/262 (0.8) 1/264 (0.4)

After hospital admission

Median score on Glasgow Coma Scale (IQR)‡ 3 (3–3) 3 (3–3)

Median systolic blood pressure (IQR) — mm Hg 110 (95–130) 110 (95–130)

Median left ventricular ejection fraction (IQR) — % 45 (38–56) 44 (30–50)

Median laboratory value (IQR)

Blood pH 7.22 (7.11–7.31) 7.24 (7.12–7.31)

Lactate — mmol/liter 5.0 (2.4–8.1) 4.9 (2.9–8.4)

Creatinine — μmol/liter 118 (94–115) 111 (93–141)

Troponin T — μg/liter 0.09 (0.04–0.19) 0.08 (0.04–0.16)

Troponin I — μg/liter 0.40 (0.10–0.90) 0.10 (0.06–0.58)

Blood glucose — mmol/liter 11.5 (8.9–15.7) 11.5 (8.9–15.9)

*	�To convert the values for creatinine to milligrams per deciliter, divide by 88.4. To convert the values for glucose to mil-
ligrams per deciliter, divide by 0.05551. CABG denotes coronary-artery bypass grafting, IQR interquartile range, and PCI 
percutaneous coronary intervention.

†	�The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	�The Glasgow Coma Scale is the summation of scores for eye, verbal, and motor responses and ranges from 3 (indicat-

ing deep coma) to 15 (indicating fully awake status).
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tiation of targeted temperature management was 
153 minutes (IQR, 67 to 242) and 119 minutes 
(IQR, 30 to 205), respectively.

Primary End Point

A total of 530 patients (95.7%) were available for 
primary analysis in the intention-to-treat popu-
lation (Fig. S1). At 30 days, the primary end 
point of death from any cause had occurred in 
143 of 265 patients (54.0%) in the immediate-
angiography group and in 122 of 265 patients 
(46.0%) in the delayed-angiography group. In 
time-to-event analyses, there was no significant 
difference between the treatment groups (hazard 
ratio, 1.28; 95% confidence interval [CI], 1.00 to 
1.63; P = 0.06 by the log-rank test); after worst-
case imputation, the hazard ratio was 1.24 (95% 
CI, 0.97 to 1.57; P = 0.08 by the log-rank test) 
(Fig. 1 and Table 3). Additional results according 
to other imputation scenarios are provided in 
the Supplementary Appendix.

Only a minor variation in the risk estimates 
for the primary end point was observed when 
the analyses were performed in the per-protocol 
population (hazard ratio, 1.21; 95% CI, 0.94 to 
1.56) (Fig. S4) and in the safety (as-treated) 
population (hazard ratio, 1.15; 95% CI, 0.90 to 
1.46) (Fig. S5). The majority of patients died 
from severe anoxic brain injury or from circula-
tory collapse, with similar numbers in the two 
groups (Table S4).

Secondary End Points

Results for secondary end points are provided in 
Table 3. The severity of disease as measured by 
the SAPS II instrument and the length of ICU 
stay were similar in the two groups. The com-
posite secondary end point of death from any 
cause or severe neurologic deficit occurred more 
frequently in the immediate-angiography group 
than in the delayed-angiography group (relative 
risk, 1.16; 95% CI, 1.00 to 1.34). The peak levels 
of both troponin and creatinine were similar in 
the two groups. Predefined subgroup analyses 
did not identify large differences in the results 
across subgroups (Fig. 2). Results of competing-
risk analyses are provided in the Supplementary 
Appendix.

Discussion

In this randomized, international trial, we found 
that among patients with successfully resusci-
tated out-of-hospital cardiac arrest and no ST-
segment elevation, a strategy of immediate un-
selected coronary angiography provided no 
benefit over a delayed and selective approach 
with respect to the primary end point of death 
from any cause. Furthermore, a prespecified 
composite secondary end point of death or se-
vere neurologic deficit occurred more frequently 
among patients assigned to undergo immediate 
angiography — a finding that should be inter-

Table 2. Prevalence, Characteristics, and Treatment of Coronary Artery Disease.

Variable

Immediate 
Angiography 

(N = 265)

Delayed or Selective 
Angiography 

(N = 265)

Coronary angiography performed — no. (%) 253 (95.5) 165 (62.2)

Median time from arrest to coronary angiography (IQR) — hr 2.9 (2.2–3.9) 46.9 (26.1–116.6)

Catheterization access — no./total no. (%)

Femoral 179/250 (71.6) 96/161 (59.6)

Radial 70/250 (28.0) 65/161 (40.4)

Brachial 1/250 (0.4) 0/161

Severity of coronary artery disease — no./total no. (%)

No substantial disease 99/252 (39.3) 46/165 (27.9)

1-vessel disease 37/252 (14.7) 21/165 (12.7)

2-vessel disease 32/252 (12.7) 26/165 (15.8)

3-vessel disease 84/252 (33.3) 72/165 (43.6)

Culprit lesion identified — no./total no. (%) 94/247 (38.1) 67/156 (43.0)

PCI performed — no./total no. (%) 93/250 (37.2) 70/162 (43.2)

Median amount of contrast dye (IQR) — ml 107 (70–178) 125 (70–202)
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preted with caution because of statistical con-
cerns regarding multiple testing. However, if it 
was a true finding, then a possible cause would 
be that immediate coronary catheterization could 
lead to delays in diagnosing other triggers of 
out-of-hospital cardiac arrest.

The current findings support the results from 
the randomized Coronary Angiography after Car-
diac Arrest  (COACT) trial, which showed no 
significant differences in clinical outcome among 
patients with out-of-hospital cardiac arrest be-
tween immediate and delayed coronary angiog-
raphy at 90 days and at 1 year.5,12 Although the 
COACT trial enrolled only patients with a shock-
able arrest rhythm, the TOMAHAWK trial re-
cruited patients with both shockable and non-
shockable rhythms, thereby extending the findings 
to a broader spectrum of risk. In addition to the 
COACT trial, two small, randomized pilot trials 
involving 79 and 99 patients, respectively, also 
showed no benefit of emergency angiography.13,14

Several findings may explain the lack of bene
fit of immediate coronary angiography in the 
patient cohort that we studied. First, the per-
centage of patients who had a coronary culprit 
lesion that was deemed to be causative as an 
event trigger was 40% in the overall population. 
A potential benefit of coronary angiography 

would be expected only in the subgroup of pa-
tients in whom coronary disease had been iden-
tified and in whom revascularization had been 
considered for reversing ongoing ischemia.15 In 
all other patients, immediate unselected coro-
nary angiography would increase the risk of 
procedural complications without any benefit 
and possibly delay the identification of the cause 
of the cardiac arrest and the provision of subse-
quent treatment.

Second, neurologic rather than cardiac injury 
may have the most substantial effect on overall 
prognosis in many patients with cardiac arrest, 
thereby attenuating a possible beneficial effect 
of coronary revascularization. Of note, brain in-
jury was by far the most frequent cause of death 
among the patients in our trial. Both arguments 
point to the necessity of further refinements in 
selecting the appropriate patients for cardiac 
catheterization. Several markers such as shock-
able arrest rhythm, clinical history, ECG chang-
es other than ST-segment elevation, echocardio-
graphic abnormalities, and troponin values have 
been proposed to predict the presence of acute 
coronary lesions in such patients without ST-
segment elevation. However, the sensitivity and 
specificity of such markers are only modest.16-22 
Observational data indicate a possible survival 

Figure 1. Kaplan–Meier Estimates of Death from Any Cause at 30 Days.

Shown is the risk of death at 30 days (the primary end point) among patients who underwent either immediate 
angiography or delayed or selective angiography after out-of-hospital cardiac arrest without ST-segment elevation.
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benefit for early coronary angiography only in 
patients at low risk for a poor neurologic out-
come.23 However, the assessment of neurologic 
prognosis during the very early clinical course of 
such patients is unreliable.

Our trial has several limitations. First, because 
of the trial design, physicians and ICU staff 

members were aware of treatment assignments, 
which could have influenced decisions regarding 
further treatment. Second, patients with hemo-
dynamic or electrical instability, ST-segment ele-
vation, or in-hospital cardiac arrest were ex-
cluded. Third, 4% of the patients who underwent 
randomization were not available for the analy-

Table 3. Clinical Outcomes at 30 Days.*

End Point

Immediate 
Angiography 

(N = 265)

Delayed or Selective 
Angiography 

(N = 265)
Effect Size 
(95% CI)†

Primary end point

Death from any cause — no. (%) 143 (54.0) 122 (46.0) Hazard ratio, 1.28 
(1.00 to 1.63)

Secondary efficacy end points‡

Myocardial infarction — no./total no. (%) 0/248 2/250 (0.8) Relative risk, 0 
(0 to 1.93)

Severe neurologic deficit — no./total no. (%)§ 21/112 (18.8) 16/126 (12.7) Relative risk, 1.48 
(0.82 to 2.67)

Death from any cause or severe neurologic deficit  
— no./total no. (%)

164/255 (64.3) 138/248 (55.6) Relative risk, 1.16 
(1.00 to 1.34)

Median length of ICU stay (IQR) — days 7 (3–11) 8 (4–13) HLE, −1 
(−2 to 0)

Median peak SAPS II (IQR)¶ 70 (55–83) 69 (54–82) HLE, 0 
(−4 to 4)

Rehospitalization for congestive heart failure — no./total no. (%) 1/246 (0.4) 1/249 (0.4) Relative risk, 1.00 
(0.19 to 1.85)

Median peak release of myocardial enzymes (IQR)

Troponin T — μg/liter 0.39 (0.14–1.26) 0.34 (0.12–1.07) HLE, 0.04 
(−0.03 to 0.11)

Troponin I — μg/liter 1.46 (0.42–5.69) 1.10 (0.40–5.75) HLE, 0.06 
(−0.37 to 0.49)

Median peak creatinine (IQR) — μmol/liter 133 (101–193) 133 (98–199) HLE, 2.08 
(−8.06 to 12.22)

Secondary safety end points — no./total no. (%)‡

Moderate or severe bleeding‖ 12/260 (4.6) 8/232 (3.4) Relative risk, 1.34 
(0.57 to 3.14)

Stroke 4/258 (1.6) 5/242 (2.1) Relative risk, 1.13 
(0.33 to 3.84)

Acute kidney failure leading to renal-replacement therapy 49/259 (18.9) 38/241 (15.8) Relative risk, 1.14 
(0.78 to 1.68)

*	�ICU denotes intensive care unit.
†	�The delayed-angiography group was used as the reference group for the calculation of hazard ratios, relative risk estimates, and Hodges–

Lehmann estimator (HLE) for location shift. (Hodges–Lehmann estimates were used to calculate differences in medians and normal ap-
proximation for differences in proportions because of the robustness of differences regardless of the underlying distribution.) The 95% 
confidence intervals for the secondary end points have not been adjusted for multiplicity, so inferences drawn from these intervals may not 
be reproducible.

‡	�Efficacy end points were analyzed in the intention-to-treat population; safety end points were analyzed in the safety (as-treated) population.
§	� A severe neurologic deficit was defined as a score of 3 to 5 on the Cerebral Performance Category scale, which ranges from 1 to 5. A score 

of 3, 4, or 5 reflects a poor prognosis (severe neurologic disability, persistent vegetative state, or brain death).
¶	�The Simplified Acute Physiology Score (SAPS) II measures the severity of disease in patients admitted to the ICU and ranges from 0 (best) 

to 163 (worst).
‖	�Moderate or severe bleeding was defined as types 2 to 5 on the Bleeding Academic Research Consortium scale, which are detailed in the 

Supplementary Appendix.
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sis of the primary end point owing to with-
drawal of informed consent or violation of inclu-
sion or exclusion criteria, which led to a minimal 
reduction in statistical power from the desired 
80% to the actual 79%. Fourth, data regarding 
patients who had been screened but not enrolled 
were collected only at the very beginning of the 
trial. Finally, early revascularization may have 
benefits outside the outcome measures that were 
studied in the current analysis — for example, 
the immediate strategy may have a positive ef-
fect on cardiac functional indexes (e.g., left 
ventricular ejection fraction) or on clinical end 
points, such as subsequent rehospitalization for 
heart failure. Several ongoing randomized trials 
that are addressing a similar research question 

will provide further evidence regarding early 
coronary angiography in patients with out-of-
hospital cardiac arrest.24,25

Thus, among patients with resuscitated out-
of-hospital cardiac arrest with a possible cardiac 
cause without ST-segment elevation, an immedi-
ate coronary angiography strategy was not found 
to be beneficial over a delayed or selective strat-
egy with respect to the 30-day risk of death from 
any cause.
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were included in the primary analysis.
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