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Coronary angiography after out-of-hospital cardiac arrest 
without ST-segment elevation: a systematic review and meta-
analysis of randomised trials
Gonçalo Ferraz Costaa,b,c, Iolanda Santosd, João Sousad, Sofia Beirãod and 
Rogério Teixeiraa,b,c

Background Out-of-hospital cardiac arrest (OHCA) 
has a poor prognosis. The optimal timing and role of early 
coronary angiography (CAG) in OHCA patients without 
ST-segment elevation remains unclear. The goal of this 
study is to compare an early CAG versus delayed CAG 
strategy in OHCA patients without ST elevation.

Methods We systematically searched PubMed, Embase 
and Cochrane databases, in June 2022, for randomised 
controlled trials (RCTs) comparing early versus delayed 
early CAG. A random effects meta-analysis was 
performed.

Results A total of seven RCTs were included, providing 
a total of 1625 patients: 816 in an early strategy and 807 
in a delayed strategy. In terms of outcomes assessed, our 
meta-analysis revealed a similar rate of all-cause mortality 
(pooled odds ratio [OR] 1.22 [0.99–1.50], P = 0.06, 
I2 = 0%), neurological status (pooled OR 0.94 [0.74–1.21], 
= 0.65, I2 = 0%), need of renal replacement therapy 
(pooled OR 1.11 [0.78–1.74], P = 0.47, I2 = 0%) and major 

bleeding events (pooled OR 1.51 [0.95–2.40], P = 0.08, 
I2 = 69%).

Conclusion According to our meta-analysis, in patients who 
experienced OHCA without ST elevation, early CAG is not 
associated with reduced mortality or an improved neurological 
status. Coron Artery Dis 35: 67–75 Copyright © 2023 The 
Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction
Despite advancements in the treatment of post-cardiac 
arrest, out-of-hospital cardiac arrest (OHCA) remains a 
primary cause of mortality [1,2]. The percentage of hospi-
tal-discharged patients with no or minor neurological seque-
lae ranges from 2 to 18% [3]. Up to 80% of all causes of 
cardiac arrest are attributable to coronary artery disease, pri-
marily acute coronary artery occlusion [4]. Nevertheless, the 
selection of patients for an invasive approach is still a matter 
of contention. If ST-segment elevation is found on a post-re-
suscitation electrocardiogram (ECG), the chance of detect-
ing an acute coronary artery lesion during early coronary 
angiography (CAG) is substantial (70 to 80%) according to 
several retrospective investigations [5,6]. Therefore, guide-
lines propose doing an emergency CAG in sudden cardiac 
death survivors with no clear non-cardiac cause of arrest and 

ST elevation [7]. Regarding patients experiencing cardiac 
arrest without ST-segment elevation on post-resuscitation 
ECG, the utility of an emergency CAG remains debatable. 
In these patients, the incidence of an acute coronary artery 
lesion is considerably reduced (15–20%) [8]. This topic has 
been the subject of multiple trials and meta-analysis, but 
with several limitations [9–15]. Verma et al. analysis revealed 
no significant difference in mortality or neurological status 
[16]. However, recent published trials may further add to 
the body of evidence regarding this topic [17,18].

Therefore, the primary goal of this study is to conduct an 
updated systematic review and meta-analysis of clinical 
studies evaluating the efficacy and safety of early CAG in 
patients with cardiac arrest and no ST-segment elevation 
on their post-resuscitation ECG.

Methods
Protocol and registration
This study was designed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Supplementary Table 
1, Supplemental digital content 1, http://links.lww.com/
MCA/A602). This systematic review and meta-analy-
sis was registered with the International Prospective 
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Register of Systematic Reviews Database (PROSPERO) 
(CRD42022321076). Ethical approval was not required 
because this study retrieved and synthesised data from 
already published studies.

Review questions
The review questions that drove this systematic review 
and meta-analysis using PICOST frame was: In patients 
who experienced OHCA without ST-segment elevation 
(Population), does early CAG (Intervention) compared 
to delayed CAG (Comparison) reduce all-cause mortal-
ity and/or improved neurological status (Outcomes)? Is 
this strategy associated with higher rate of periprocedural 
complication, as renal replacement therapy or major 
bleeding events?

Literature search
We systematically searched Pubmed, Embase and 
Cochrane databases from their inception to June 2022 
for both full-length and randomised clinical trials that 
compared early and delayed CAG in patients with car-
diac arrest and no ST-segment elevation on their post-re-
suscitation ECG. The definition of OHCA was based on 
those used in the included individual studies. The search 
was not limited by language. Supplementary Table 2, 
Supplemental digital content 1, http://links.lww.com/MCA/
A602 describes the search strategy in detail.

Eligibility criteria
Studies were included if they fulfilled the following cri-
teria: 1) Patients older than 18 years who experienced an 
OHCA; 2) Return of spontaneous circulation (ROSC) 
without an obvious non-cardiac cause of arrest and with-
out ST-segment elevation; 3) Studies compared early 

versus delayed CAG; 4) Information on outcomes dur-
ing follow-up was reported; 5) Randomised clinical trial 
design or post-hoc analysis of clinical trials. We excluded 
retrospective studies, abstracts, reviews, case reports, 
meeting abstracts and editorial material.

Outcome measures
The primary endpoint was all-cause mortality. Subgroup 
analysis was performed regarding 30- and 180-day mor-
tality. Neurological status, frequency of percutaneous 
coronary intervention (PCI) after CAG, major bleeding 
events and acute renal worsening were secondary out-
comes. Neurological status was defined in terms of a cer-
ebral performance category score. Scores of 1 and 2 were 
deemed to indicate good neurological status, and scores 
of 3 to 5 were defined to indicate poor neurological status. 
Major bleeding events were defined as major bleeding 
according to the Thrombolysis in Myocardial Infarction 
classification or types 2 to 5 on the Bleeding Academic 
Research Consortium scale [19]. Another safety outcome 
was the use of renal replacement therapy.

Data collection and management
Two investigators (G. Ferraz Costa, I. Santos) inde-
pendently screened titles and abstracts of publications 
retrieved according to a search strategy in order to select 
studies that met the inclusion criteria outlined above. 
Secondly, identified articles were subjected to full-text 
review. Data was extracted on the study population, main 
demographic and baseline characteristics, interventions 
and the outcomes described above. We analysed stud-
ies with multiple publications in sequence, ensuring 
no duplication of results, and which collected the most 
recent data.

Risk of bias assessment
Two authors (G.C, I.S) independently assessed the risk 
of bias in the included articles, following the Cochrane 
Collaboration’s ‘Risk of bias’ tool for randomised con-
trolled trials (RCTs). RCTs were assessed as having a 
‘low’, ‘high’ or ‘unclear’ risk for the following biases: 
random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of 
outcome assessment, incomplete outcome data, selec-
tive reporting and other biases. The quality assess-
ment for each study is presented in a ‘risk of bias 
summary’. Publication bias was assessed using funnel 
plots (Supplementary Figures 1–4, Supplemental dig-
ital content 1, http://links.lww.com/MCA/A602). The cer-
tainty of the evidence was evaluated using the (Grades 
of Recommendation, Assessment, Development and 
Evaluation approach.

Patient and public involvement
Patients and the public were not involved in this 
research study. The study was designed and conducted 

Key messages

 (1) What is already known about this subject?
 (a) The timing and role of early coronary angi-

ography in out-of-hospital cardiac arrest 
patients without ST-segment elevation 
remains unclear.

 (2) What does this study add?
 (a) Routine early coronary angiography is not 

associated with reduced mortality, or an 
improved neurological status compared to a 
delayed strategy;

 (b) Early coronary angiography presented a 
similar a rate of major bleeding event and 
renal replacement therapy.

 (3) How might this impact on clinical practice?
 (a) Change management of out-of-hospital 

cardiac arrest patients without ST-segment 
elevation

D
ow

nloaded from
 http://journals.lw

w
.com

/coronary-artery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 09/18/2024

http://links.lww.com/MCA/A602
http://links.lww.com/MCA/A602
http://links.lww.com/MCA/A602


Coronary angiography after out-of-hospital cardiac arrest Costa et al. 69

by researchers with expertise in the relevant field. The 
study was conducted in accordance with ethical guide-
lines and regulatory requirements to ensure that the 
rights and interests of participants were protected.

Statistical analysis
We pooled dichotomous data using odds ratios (OR) to 
describe effect sizes and a Mantel–Haenszel procedure 
in a random effects model. The mean effect was consid-
ered significant if its 95% confidence interval (CI) did 
not include zero. Heterogeneity was assessed statistically 
using an I² index (<25% low, 25–50% moderate, >50% 
high heterogeneity). Publication bias was assessed vis-
ually using funnel plots. A P value < 0.05 was considered 
statistically significant.

Results
Search results
A literature search identified 2928 articles relevant to 
this meta-analysis. After the removal of duplicates, we 
excluded 1879 publications according to title and abstract 
assessment, study type and study population. Seven ran-
domised clinical trials were included [9,11,13,17,18,20], 
providing a total of 1625 patients: 816 in an early strat-
egy and 807 in a delayed strategy. Figure 1 displays the 
PRISMA flow diagram for the study search and selection. 
Study characteristics relating to the included studies 
are described in Table 1 and baseline characteristics of 
the included patients are summarised in Table 2. CAG 
findings are summarised in Supplementary Table 3, 
Supplemental digital content 1, http://links.lww.com/MCA/
A602.

In all trials, groups were balanced for key baseline char-
acteristics. Two trials exclusively enrolled patients who 
had experienced witnessed OHCA [11,18]. The remain-
ing trials included both witnessed and non-witnessed 
cases, despite the majority of included participants 
being witnessed. In the studies conducted by Lemkes 
et al. and Patterson et al. [12,18], all patients under-
went Targeted Temperature Management (TTM) reg-
imens. At the same time, the incidence of TTM varied 
between 50% and 90% in the remaining studies.  In two 
trials, only patients with an initial shockable rhythm 
were included [12,18]. In the remaining studies, both 
types of rhythms were allowed. Coronary artery disease 
and PCI performance were similar between the two 
groups in all trials, but had a higher absolute number in 
the early angiography group. Viana-Tejedor et al. were 
underpowered due to a lower number of enrolled par-
ticipants than the calculated sample size [17].

Primary outcome
Our meta-analysis of all included studies showed a simi-
lar all-cause mortality for an early CAG strategy compared 
with the delayed CAG group (pooled OR, 1.22 95% CI 
[0.99–1.50], P = 0.06; I² = 0%) (Fig. 2). Subgroup analysis 

of 180-day and 30-day survival maintained no significant 
all-cause mortality difference (pooled OR, 1.15; 95% CI 
[0.77–1.72], P = 0.50; I² = 0% and pooled OR, 1.21; 95% 
CI [0.90–1.62], P = 0.21; I² = 0%, respectively).

Secondary outcomes
Regarding secondary endpoints, an early CAG strategy 
demonstrated no significant difference concerning neu-
rological status (pooled OR 0.94 [0.74–1.21], P = 0.65, I2 
= 0%), need for renal replacement therapy (pooled OR 
1.11 [0.78–1.74], P = 0.47, I2 = 0%), major bleeding events 
(pooled OR 0.97 [0.56–1.69], P = 0.92, I2 = 0%) (Fig. 3) 
and primary coronary intervention (pooled OR 1.51 
[0.95–2.40], P = 0.08, I2 = 69%).

Risk of bias and evidence certainty
Overall, all included trials had a relatively low risk of bias. 
However, due to the nature of the interventions, there 
is a high risk of bias in the blinding of participants and 
personnel (Supplementary Table 4, Supplemental digital 
content 1, http://links.lww.com/MCA/A602). Therefore, in 
terms of the certainty of evidence, we consider moder-
ate certainty for the outcomes assessed (Supplementary 
Table 5, Supplemental digital content 1, http://links.lww.
com/MCA/A602).

Discussion
This meta-analysis demonstrates that delaying CAG in 
patients following OHCA without ST elevation has no 
impact on all-cause mortality, both at 30- and 180-day fol-
low-up. Additionally, no significant difference was iden-
tified in neurologic status, need for renal replacement 
therapy or major bleeding events.

Several findings may account for the doubtful bene-
fit of rapid CAG. Forty percent of patients in the total 
group were determined to have a coronary culprit lesion 
that was responsible for initiating an incident. A possi-
ble advantage of CAG would only be anticipated in the 
subgroup of patients in whom coronary disease has been 
detected and revascularization has been considered 
for the treatment of persistent ischaemia. In all other 
patients, urgent, unselected CAG would raise the risk of 
procedural problems without benefit and might postpone 
the identification of the cause of the cardiac arrest and 
subsequent therapy. Therefore, identification of patients 
who have a severe coronary occlusion requires additional 
development.

An ECG is an important tool to triage patients after 
ROSC. The identification of acute occlusion myo-
cardial infarction (OMI) patterns is essential for 
managing patients who will benefit from emergent 
reperfusion therapy [21]. Currently, guidelines recom-
mend an ST-elevation vs. non-ST-elevation strategy 
[22]. However, 25–30% of non-ST-elevation myocar-
dial infarctions (NSTEMI) present with OMI and are 
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discovered only on delayed cardiac catheterisation 
[23]. Such subsets of patients have an increased inci-
dence of major adverse events compared with NSTEMI 
without OMI [23]. Many authors have suggested that 
a new paradigm shift is needed in the classification of 
heart attacks from STEMI/NSTEMI to OMI/non-
OMI. This is because OMI can be accurately identi-
fied by examining additional ECG features, including 
minor ST-elevations that do not meet STEMI criteria, 
disproportionate ST-elevations relative to preceding 
QRS, unusual patterns that show opposite ST devia-
tions in contiguous leads, and some patterns that do not 
exhibit ST-elevation at all (such as subtle ST-segment 
elevation, reciprocal depression, hyperacute T-waves, 
and DeWinter’s pattern) [24]. A recent clinical trial 

(NCT04022668) reliably detected OMI in patients with 
NSTEMI, resulting in better long-term mortality com-
pared to a NSTEMI vs. STEMI approach [25].
Another tool to triage ROSC is a point-of-care ultra-
sound. It potentially identifies reversible causes of 
cardiac arrest, such as pericardial tamponade or right 
heart strain indicative of pulmonary embolism [26]. 
Additionally, it can accurately assess cardiac activity 
since variability exists in physicians’ interpretations 
of cardiac activity [26]. However, the assessment of 
ejection fraction and contractility regional abnormali-
ties may not be a reliable indicator of OMI because in 
survivors of OHCA, hemodynamic instability post-re-
suscitation is present frequently at admission, pre-
senting as a severely depressed ejection fraction due 

Fig. 1

Flow diagram.
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to myocardial stunning [27]. In a study assessing hae-
modynamics in patients, post-resuscitation, immediate 
CAG was performed in all patients at admission. Severe 
but transient myocardial dysfunction was observed in 
49.3% of patients (with no acute coronary occlusion) 
[28].

A risk prediction model for the existence of an acute 
coronary lesion in resuscitated individuals was created 
by Waldo et al [29]. They identified four variables: 
angina prior to cardiac arrest, congestive heart failure, 
shockable rhythm and STE, with the latter having the 
most points. However, few studies have focussed on the 
identification of CAG candidates based on a neurologic 

prognosis in OHCA survivors without STE. Except for 
those with ST-elevation myocardial infarction or car-
diogenic shock, it is currently unknown which cate-
gories would benefit from early CAG [30,31]. A study 
utilising the International Cardiac Arrest Registry cre-
ated a prediction model of CREST scores for circu-
latory-aetiology mortality based on data obtained at 
the time of ICU admission for OHCA patients with-
out STE [32]. A history of coronary artery disease, 
non-shockable rhythm, initial left ventricular ejection 
fraction < 30%, shock upon presentation and total 
ischaemia duration >25 min correctly and pragmati-
cally predicted the probability of death due to circu-
latory aetiology. The American College of Cardiology 

Table 1  Study characteristics

Author Trial name 

Number of patients

Definition of early 
CAG Definition of delayed CAG 

Major bleeding 
criteria 

Duration of 
follow-up, 

days 
Early 

CAG 
Delayed 

CAG 

Patterson et 
al. (2017) 
[39]

ARREST 18 18 Directly after hospital 
admission

Within 48–72 h if not performed 
sooner

Not specified 30

Lemkes et al. 
(2019) [12]

COACT 273 265 Within 2 h after 
randomisation

After neurologic recovery TIMI 90

Elfwén et al. 
(2019) [11]

DISCO 38 40 Within 2 h after 
admission

Not be performed earlier than 3 
days

Bleeding with 
decrease in hae-
moglobin >50 g/L

4

Kern et al. 
(2020) [13]

PEARL 49 50 Within 120 min 
of arrival at the 
PCI-capable centre

After 6 h of hospital arrival BARC 180

Desch et al. 
(2021) [9]

TOMA-
HANK

265 265 As soon as possible 
after hospital 
admission

After a minimum delay of 24 h after 
cardiac arrest

BARC 30

Hauw- 
Berlemont 
et al. 
(2022) [14]

EMERGE 141 138 Immediately after 
admission

Performed after 48–96 h after 
admission

NR 180

Viana-Teje-
dor et al. 
(2022) [17]

COUPE 32 34 Within 2 h after 
admission

Performed after neurological recov-
ery, when patient extubated, 
before hospital discharged

BARC 30

BARC, bleeding academic research consortium; CAG, coronary angiography; NR, not reported; OHCA, out-of-hospital cardiac arrest; TIMI, thrombolysis in myocardial 
infarction.

Table 2  Demographics and baseline characteristics of included patients

Author 

Age, years Male gender, n (%) Hypertension Diabetes Smoking

Early CAG 
Delayed 

CAG 
Early 
CAG 

Delayed 
CAG Early CAG 

Delayed 
CAG Early CAG 

Delayed 
CAG Early CAG 

Delayed 
CAG 

Patterson et al. 
(2017) [39]

60 ± 17 61 ± 14 15 (83) 16 (89) 8 (44%) 7 (39%) 4 (22%) 2 (11%) 4 (22%) 3 (17%)

Lemkes et al. 
(2019) [12]

65.7 ± 12.7 64.9 ± 12.5 223 
(82)

202 
(76)

131 
(49%)

126 
(48%)

55 (20%) 44 (17%) 50 (20%) 67 (27%)

Elfwén et al. 
(2019) [11]

71 (62–78) 70 (61–77) 22 (58) 31 (78) NR NR 6 (16%) 10 (25%) NR NR

Kern et al. (2020) 
[13]

65.0 
(57–73)

65.5 
(59–72)

42 
(85.7)

36 
(72.0)

26 
(53.1%)

29 (58%) 11 
(22.4%)

16 (32%) NR NR

Desch et al. 
(2021) [9]

69 (59–78) 71 (60–79) 185 
(69.8)

184 
(69.4)

161 
(67.1%)

162 
(69.2%)

71 
(29.1%)

74 
(29.5%)

49 
(29.9%)

59 
(34.5%)

Hauw-Berlemont 
et al. (2022) 
[14]

65.4 ± 13.8 63.9 ± 15.4 103 
(73.1)

92 
(66.7)

NR NR NR NR NR NR

Viana-Tejedor et al. 
(2022) [17]

66.5 
(60–73.5)

60.5 
(55–71)

26 
(81.3)

25 
(73.6)

22 
(68.8%)

22 
(66.7%)

5 (15.6%) 10 
(30.3%)

7 (21.9%) 10 
(29.4%)

CAG, coronary angiography; NR, not reported.
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Interventional Council recommended triaging OHCA 
survivors based on 10 unfavourable resuscitation fea-
tures, as determined by consensus: unwitnessed arrest, 
initial rhythm non-ventricular fibrillation, no bystander 
cardiopulmonary resuscitation, >30 min from collapse 
to ROSC (time-to-ROSC), ongoing cardiopulmonary 
resuscitation, pH 7.2, lactate > 7 mmol/L, age > 85 
years, end-stage renal disease, and non-cardiac aetiol-
ogy [33]. In addition, a recent study by Harhash et al. 
sought to identify resuscitated cardiac arrest patients 
with adverse clinical characteristics for whom inva-
sive operations were unlikely to increase survival. The 
strongest predictors of unfavourable outcome were age 
>85 years, >30 min before recovery of spontaneous 
circulation, and initial non-shockable rhythm accord-
ing to their findings. Some characteristics, such as age, 
length of cardiopulmonary resuscitation, shockable 
rhythm, and pH in a blood gas measurement, were 
also predictors of a substantial coronary lesion from 
machine learning (ML) [34]. Using data from 2344 
patients, Noh et al. evaluated a ML strategy for select-
ing a high-risk group of patients with acute coronary 
syndrome requiring revascularisation. The derived 
prediction functions were applicable, with an AUROC 

of 0.866 for the prediction of acute coronary syndrome 
patients requiring revascularisation [35]. Additionally, 
neurologic impairment, rather than cardiac injury, may 
have the most significant impact on overall prognosis 
in many patients with cardiac arrest, hence diminish-
ing the potential therapeutic effect of coronary revas-
cularisation. Notably, brain injury was by far the most 
common cause of death among trial participants. Both 
reasons demonstrate the need for additional modi-
fications in the selection of cardiac catheterisation 
candidates.

Several systematic reviews and meta-analysis were 
published on this topic. However, despite simi-
lar conclusions, most of them included fewer RCTs 
than our study due to date search limitation [36,37]. 
Additionally, other meta-analysis included non-ran-
domised studies, as post-hoc analysis [15,38]. 
Therefore, we consider that our study was the most 
updated sum of evidence.

Limitations
Several limitations exist in our meta-analysis. First, the 
most significant drawback is the danger of bias originating 

Fig. 2

Forest plot of all-cause mortality comparing early CAG strategy versus non-early CAG strategy. CAG, coronary angiography; CI, confidence interval; 
M–H, Mantel–Haenszel.
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both from the selection process due to the negative dis-
crimination of individuals with a higher ischemic risk and 
from deviations from intended interventions resulting 
from the open-label design of all trials. Due to the subjec-
tive nature of the endpoint and the absence of blinding, 
measurement bias may also be present for the neurolog-
ical result. Due to impracticality, however, it is unlikely 
that double-blind RCTs can be undertaken on this 
topic. Second, the definitions of the endpoints differed 
between trials, including the key endpoint of all-cause 
mortality, which ranged from 24 h to 180 days following 
OHCA, despite the fact that heterogeneity was minimal. 
Thirdly, the inclusion and exclusion criteria differed sig-
nificantly between studies, particularly with regard to the 
initial rhythm and Glasgow Coma Scale. In addition, we 
were unable to account for possible differences in resus-
citation-related parameters, such as immediate cardiopul-
monary resuscitation, time required to achieve ROSC, 
and time required to transfer the patient to an acute care 
facility for further management. Finally, a significant het-
erogeneity existed in the definition of delayed angiogra-
phy, varying between 6 h to 96 h.

Conclusion
According to our meta-analysis, in patients experiencing 
OHCA without ST elevation, early CAG was not associ-
ated with reduced mortality or an improved neurological 
status.
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Fig. 3

Forest plot of neurological status (cerebral performance category ≤2), renal replacement therapy and major bleeding comparing early CAG strategy 
versus non-early CAG strategy. CAG, coronary angiography; CI, confidence interval; M–H, Mantel–Haenszel.
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