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Early vs Delayed Coronary Angiography in Out-of-Hospital
Cardiac Arrest Patients Without ST-Segment Elevation: An
Updated Meta-Analysis of Randomized Controlled Trials
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ABSTRACT

Background: The routine practice of early coronary angiography in patients who have suffered an
out-of-hospital cardiac arrest without ST-segment elevation remains a subject of controversy.

Methods: We searched electronic databases for randomized controlled trials that compared early
or emergency coronary angiography with delayed or no coronary angiography in patients
who had an out-of-hospital cardiac arrest without ST-segment elevation. A random-
effects meta-analysis was performed to estimate the odds ratio (OR) with a 95%
confidence interval (CI). The outcomes of interest were mortality and neurological
prognosis, based on the cerebral performance categories (CPC 1-2) scale.

Results: Seven studies involving 1623 patients (the early group [n=816] and the delayed group
[n=807]) were included in the final analysis. Compared to delayed coronary angiography,
early coronary angiography was associated with similar odds of mortality (OR, 1.07; 95%
Cl, 0.87 to 1.31; P=0.52) and a favorable neurological prognosis (OR, 0.97; 95% CI, 0.78
to 1.19; P=0.74).

Conclusions: For patients with an out-of-hospital cardiac arrest without ST-segment elevation,
there was no benefit concerning mortality and neurological prognosis with early coronary

angiography compared with delayed coronary angiography. (Iranian Heart Journal 2024;
25(2): 26-34)
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2021. ! Of these, 82% were presumed to be

total of 146,924 out-of-hospital
cardiac arrest (OHCA) cases were
reported in the Cardiac Arrest
Registry to Enhance Survival (CARES) in

of cardiac origin, and 16.4% of cases had an
initial ~ shockable  rhythm  (ventricular
tachycardia or ventricular fibrillation). The
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majority of patients with an initial shockable
rhythm were found to have severe coronary
artery disease (CAD), manifesting as ST-
segment-elevation myocardial infarction
(STEMI). ** During the immediate post-
cardiac arrest care period, current guidelines
advise emergent cardiac intervention in
cases with STEMI due to improved survival
and neurological outcomes with early
coronary angiography. In patients without
STEMI on the post-resuscitation ECG,
earlier observational studies reported better
neurological ~ outcomes  with  urgent
angiography. *°  However, multiple
randomized controlled trials (RCTs) since
then have shown no favorable mortality or
neurological outcomes in such cases when
comparing urgent/early coronary
angiography to usual care or delayed
angiography. " Previous meta-analyses
have reported similar results. **? Two
recent RCTs—COUPE (coronary
angiography in patients without ST-segment
elevation following out-of-hospital cardiac
arresty and EMERGE (emergency Vs
delayed coronary angiogram in survivors of
out-of-hospital cardiac arrest) also failed to
show any advantage of early angiography in
OHCA patients without STEMI. **** Given
these new data, we performed an updated
meta-analysis of all the RCTs.

METHODS

Using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) framework (Fig. 1), we
systematically reviewed electronic
databases, including MEDLINE, EMBASE,
and Cochrane. We aimed to answer our
population’s PICO question. (P: cardiac
arrest  patients without STEMI; I
intervention [early coronary angiography];
C: comparison [delayed or no coronary
angiography], O: outcomes [mortality and
neurological outcomes])
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Our search strategy included combining
MeSH terms, such as “out of hospital
cardiac arrest”, “non-ST  elevation
myocardial infarction”, and “coronary
angiography”, in various combinations to
search for RCTs from inception until
September 23, 2023. Two reviewers (SD
and SS) independently screened the
databases, and a third reviewer (AR)
resolved any conflicts. The main inclusion
criteria were RCTs comparing early and
delayed coronary angiography in adult
OHCA patients without STEMI and
reporting at least 1 clinical outcome of
interest. Our exclusion criteria included 1)
non-randomized design, 2) post hoc analyses
of previous RCTs, and 3) studies with
STEMI patients. Baseline characteristics
were noted for all the RCTs, including study
design, inclusion/exclusion criteria, sample
size, follow-up period, mean age, and sex.
Outcomes of interest were mortality and
favorable neurological outcome rates.
Neurological outcome was defined based on
the cerebral performance categories (CPC)
scale, with CPC 1-2 considered the
favorable neurological outcome.

Statistical analyses were performed based on
the PRISMA guidelines. > We used
Cochrane Review Manager, version 5.4, to
conduct the analysis. '® For each clinical
endpoint, a random-effects meta-analysis
model with the Mantel-Haenszel method
was used to calculate odds ratios (ORs) and
95% confidence intervals (CI). A P value <
0.05 was considered significant.
Heterogeneity ~ between  studies  was
calculated using the 12 statistic. It was
considered significant in the case of 12 >
50%. Forest plots were generated to show
aggregate effect size and intervals for
individual endpoints.

RESULTS

Out of the initial 135 studies found during
the online search, 7 RCTs that satisfied the
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inclusion/exclusion criteria were included in
the final analysis. %34 Figure 1 shows the
search strategy. A total of 1623 patients
were included, with 816 in the early
angiography group and 807 in the delayed
group. Baseline characteristics are reported
for all the studies in Table 1 and Table 2.
The mean follow-up period was 317 days.
The mean age was 66 years and 74.6% were
men. 22% of the patients had a prior history
of myocardial infarction (Ml), 22% had
diabetes mellitus (DM), 56% had
hypertension (HTN), 25% were smokers,
and 9% had strokes.

From the 7 studies, event rates for mortality
were 401 in the early angiography group and
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384 in the delayed group (Fig. 2). Compared
to delayed coronary angiography, early
coronary angiography was associated with
similar odds of mortality (OR, 1.07; 95% ClI,
0.87 to 1.31; P=0.52). No heterogeneity was
observed in the studies (12 = 0%).

Similarly, no significant difference was
observed in favorable neurological outcomes
between the early and delayed angiography
groups (339 vs 339: OR, 0.97; 95% CI, 0.78
to 1.19; P=0.74) and the studies did not have
any heterogeneity  (12=0%) (Fig. 3).
Sensitivity analysis performed by excluding
each trial did not show any change in the
outcomes (Table 3). The risk of bias
assessment for the trials is shown in Figure 4.

Identification of studies via databases and registers

)

Records identified from
databases (n=135):
Cochrane (n=35)
MEDLINE/PubMed (n=35)
Embase (n=65)

Identification

Records removed before
screening.

v

h 4

Records screened
(n =85)

A 4

Reports sought for retrieval
(n=22)

Duplicate records removed
(n=50)

Records excluded
(n =63)

Reports not retrieved

v

Screening

Reports assessed for eligibility
(n=20)

»| Reports excluded:

Y

2 Studies included in review
3| [0=D

> Reports of included studies
£ (n=7)

v

(n=2)

Non-randomized design (n=5)
Post hoc analysis (n=1)
STEMI patients included (n=1)
Sub-studies of included trials
(n=6)

Figure 1: The image presents the PRISMA flow sheet depicting the search strategy.
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Early Angiogram Delayed or selective angi Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ARREST, 2017 9 18 6 15 2.2% 1.50[0.38, 6.00]
COACT, 2019 102 273 93 265 33.4% 1.10[0.78, 1.57] —_—
COUPE, 2022 12 32 14 34 4.2% 0.86 [0.32, 2.31]
DISCO, 2019 3 38 6 40 1.9% 0.49[0.11, 2.10]
EMERGE, 2022 90 141 92 138 17.0% 0.88 [0.54, 1.44] —_—
PEARL, 2020 24 49 29 50  6.6% 0.70 [0.31, 1.54] —
TOMAHAWK, 2021 161 265 144 265 34.7% 1.30 [0.92, 1.84] ——
Total (95% CI) 816 807 100.0% 1.07 [0.87, 1.31]
Total events 401 384

ity 2 _ . 2 _ - - 12 = I f + L )
?e!erfcgenelry‘.lTe;fu = 2900 (BII;I Pia(,)sgé df =6 (P =0.61); I° = 0% '0.1 o o5 1 3 10.

est for overall effect: Z = 0.65 (P = 0.52) Favours Early Angiogram Favours Delayed Angiogram
Figure 2: The image depicts the forest plot, showing mortality in the early vs delayed angiography groups.
Early Angiogram  Delayed or selective angi Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ARREST, 2017 9 18 7 15 2.4% 1.14 [0.29, 4.51]
COACT, 2019 171 273 170 265  36.3% 0.94 [0.66, 1.33] .
COUPE, 2022 19 32 18 34 4.7% 1.30 [0.49, 3.45]
EMERGE, 2022 47 141 42 138 17.6% 1.14 [0.69, 1.89] R
PEARL, 2020 16 49 13 50 5.9% 1.38 [0.58, 3.29] E—
TOMAHAWK, 2021 77 265 89 265 33.1% 0.81 [0.56, 1.17] — &
Total (95% CI) 778 767 100.0% 0.97 [0.78, 1.19]
Total events 339 339

e 2 _ . Chi? = - - R = [} t + T t + {
Heterogeneity: Tau® = 0.00; Chi* = 2.40, df =5 (P =0.79); I’ = 0% b1 02 o' T 3 I 10

Test for overall effect: Z = 0.33 (P = 0.74) Favn‘urs Delayed Angiogram Favours Early Angiogram

Figure 3: The image presents the forest plot showing favorable neurological outcomes in the early vs delayed
angiography groups.

Other bias

ARREST, 2017

COACT, 2019

COUPE, 2022

DISCO, 2019

EMERGE, 2022

PEARL, 2020

D D D D @ ®|®  random sequence generation (selection bias)

O 0 O O O ® O ~location concealment (selection bias)

O 0 O O O ® O -vindingof participants and personnel (performance bias)
O D D O O ®| O bvlindingof outcome assessment (detection bias)
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TOMAHAWK, 2021

Figure 4: The image illustrates the risk of bias summary.
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RCT
Year

ARREST 2017

COACT
2019

DISCO
2019

PEARL
2020

TOMAHAWK
2021

COUPE 2022

EMERGE

2022
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Table 1: Study Design of the Included Randomized Controlled Trials (RCTs)

Median Time to CAG Inclusion Exclusion Criteria Initial Neurological

post-Arrest (Range) Criteria Rhythm Outcome
I: 100 (75-113) min STEMI, noncardiac causes of Shockable
C: 132 (93-187) min OEN the arrest only CiFe
1:2.3(1.8-3.0) h STEMI, noncardiac causes of Shockable
C:121.9(52-197.3) h OEN the arrest only CiFe
I: 69 (42-94) min STEMI, noncardiac causes of
C:NA OHCA arrest, New LBBB Any NA
|: <120 min STEMI, noncardiac causes of
C:>6h OHCA arrest, New LBBB Any CRC
1:2.9 (2.2-3.9) h OHCA in >30 | STEMI, noncardiac causes of An cPC
C: 46.9 (26.1-116.6) h years old arrest, New LBBB y
I: 2.7 (1.6-3.4) OHCA, ROSC | STEMI, noncardiac causes of An cPC
C: 129 (87-186) h <60min | arrest, New LBBB y
12 (2-3) h STEMI, IHCA, nor_1cardiac
C: 65.5 (40.8-74.8) h OHCA zaluiltzsa rof arrest, life expectancy Any CPC

CAG: coronary angiography; I: intervention group (with early angiography); C: control group (with delayed or selective
angiography); OHCA: out-of-hospital cardiac arrest; STEMI: ST-elevation myocardial infarction; CPC: cerebral
performance category; NA: not available; LBBB: left bundle branch block; ROSC: return of spontaneous circulation;
IHCA: in-hospital cardiac arrest; ARREST: a randomized trial of expedited transfer to a cardiac arrest center for non-
ST-elevation ventricular fibrillation out-of-hospital cardiac arrest; COACT: coronary angiography after cardiac arrest;
DISCO: direct or subacute coronary angiography in out-of-hospital cardiac arrest; PEARL: randomized pilot clinical
trial of early coronary angiography vs no early coronary angiography after cardiac arrest without ST-segment
elevation; TOMAHAWK: angiography after out-of-hospital cardiac arrest without ST-segment elevation; COUPE:
coronary angiography in out-of-hospital cardiac arrest; EMERGE: emergency vs delayed coronary angiogram in
survivors of out-of-hospital cardiac arrest

Table 2: Patient Demographics in the Included Randomized Controlled Trials

ARREST 2017 18

Prior

COACT 2019

DISCO 2019

PEARL 2020

TOMAHAWK
2021

COUPE 2022 ‘ 32

| C Follow Mean Male | Myocardia DI\;IaetI)IﬁLZS Hypit(a):;[ens Smoking Stroke
(n) (n) -up Age (y) (%) | Infarction - - (I/C) (%) (I/C) (%)
acy @) WO ) (IC) (%)
28.0/17.0 | 22/11 44/39 22/17 NA
‘ 273 | 265 |365d |65.3 78.9 26.7/28.7 | 20.2/16.6 | 48.7/47.5 | 20.1/26.9 | 7.0/5.7
‘ 38 40 7d 70.5 67.7 15.8/20.0 | 15.8/25.0 | NA NA 15.8/10.0
‘ 49 50 180d | 65.2 78.8 20.4/14.0 | 22.4/32.0 | 53.1/58 NA 12.2/2
265 |[265 |365d | 70.0 69.6 19.3/19.8 | 29.1/29.5 | 67.1/69.2 | 29.9/34.5 | 10.5/8.9
34 3yr. 63.5 77.4 21.9/29.4 | 15.6/30.3 | 68.8/66.7 | 21.9/29.4 | NA
138 | 180d | 64.6 69.9 NA NA NA NA NA

EMERGE 2022 ‘ 141
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I: intervention group (with early angiography); C: control group (with delayed or selective angiography); NA: not
available; ARREST: a randomized trial of expedited transfer to a cardiac arrest center for non-ST-elevation
ventricular fibrillation out-of-hospital cardiac arrest; COACT: coronary angiography after cardiac arrest; DISCO: direct
or subacute coronary angiography in out-of-hospital cardiac arrest; PEARL: randomized pilot clinical trial of early
coronary angiography vs no early coronary angiography after cardiac arrest without ST-segment elevation;
TOMAHAWK: angiography after out-of-hospital cardiac arrest without ST-segment elevation; COUPE: coronary
angiography in out-of-hospital cardiac arrest; EMERGE: emergency vs delayed coronary angiogram in survivors of
out-of-hospital cardiac arrest

Table 3: Sensitivity Analysis

Study Mortality Favorable Neurological Prognosis

Final outcome 1.07 [0.87, 1.31]

Trials excluded

ARREST 2017

COACT 2019

DISCO 2019

PEARL 2020

TOMAHAWK 2021

COUPE 2022

EMERGE 2022

0.97 [0.78, 1.19]

1.06 [0.86, 1.30]

0.96 [0.78, 1.19]

1.05 [0.82, 1.35]

0.98 [0.75, 1.28]

1.09 [0.88, 1.33]

1.10 [0.89, 1.36]

0.94[0.76, 1.17]

0.96 [0.75, 1.24]

1.05 [0.81, 1.36]

1.08 [0.88, 1.33]

0.95 [0.77, 1.18]

1.11[0.89, 1.39]

0.93[0.74, 1.18]

Values are presented as odds ratios [95% confidence intervals].

ARREST: a randomized trial of expedited transfer to a cardiac arrest center for non-ST-elevation ventricular
fibrillation out-of-hospital cardiac arrest; COACT: coronary angiography after cardiac arrest; DISCO: direct or
subacute coronary angiography in out-of-hospital cardiac arrest; PEARL: randomized pilot clinical trial of early
coronary angiography vs no early coronary angiography after cardiac arrest without ST-segment elevation;
TOMAHAWK: angiography after out-of-hospital cardiac arrest without ST-segment elevation; COUPE: coronary
angiography in out-of-hospital cardiac arrest; EMERGE: emergency vs delayed coronary angiogram in survivors of
out-of-hospital cardiac arrest

DISCUSSION survival was noticed among patients with

. . initial shockable rhythm compared with non-
This _updated meta-_analy5|s shows no shockable rhythm (26.0% vs 5.8%;
mortality or neurological outcomes benefit P<0.0001). Significant coronary artery

when early coronary angiography is
performed in OHCA patients without
STEMI compared with delayed angiography
or usual care.

disease is seen in patients with initial
shockable rhythm and those with STEMI on
the post-resuscitation ECG. *"*® However,
cardiac arrest patients without STEMI have
a low incidence of acute coronary lesions
(15-20%). % Hence, current guidelines have
a class 1 recommendation of performing
early angiography in cardiac arrest with
STEMI patients, whereas the management

Of all the OHCA cases reported in the
CARES registry in 2021, 9.1% eventually
survived to hospital discharge, and 7.2%
were discharged with Cerebral Performance
Categories Scale (CPC) 1 or 2. * Better
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of those without STEMI has been a topic of
debate. *

In a retrospective study of cardiac arrest
patients, Kern et al * reported that early
coronary angiography has similar survival
rates (54.7% vs 57.9%; P=0.60) but better
functional outcomes regardless of the ECG
finding (with or without STEMI). Similarly,
as other observational studies reported better
outcomes in patients without STEMI, the
2015 guidelines  recommended early
angiography in select cases of OHCA
patients. *° Patterson et al ° conducted a trial
of OHCA patients with non-STEMI and
ventricular fibrillation randomized to either
the intervention group (emergent
angiography if needed) or the control
(angiography in 48-72 hours if needed). No
difference in  mortality, neurological
outcomes, or major cardiovascular events
was noted between the groups. Nonetheless,
the study was underpowered. This finding
led to the start of multiple other randomized
trials which reported similar results of no
difference between early and delayed
angiography in non-STEMI patients; hence,
the 2020 cardiac arrest guidelines advised
that these patients be managed similarly to
other ACS (non-STEMI) patients where
timing of angiography is based on clinical
characteristics rather than routine early
angiography. *

The recent COUPE trial (2022) found no
significant difference in the in-hospital
mortality between the 2 groups (HR, 0.96;
95% ClI, 0.45 to 2.09; P=0.93), but it was
limited by allocation bias and a smaller
number of enrolled patients. ** Similar
outcomes were also found in the EMERGE
trial in terms of mortality and neurological
sequelae. * Our results align with those of
the RCTs. In a large national inpatient
registry study of 49,861 OHCA patients
with non-STEMI, a decreasing trend was

Singh et al

observed with regard to performing early
angiography compared with a delayed
strategy and with similar mortality in the 2
groups. A recent meta-analysis by Heyne
et al ** of RCTs and non-randomized studies
showed improved survival rates in patients
undergoing early angiography but no
difference in the sub-analysis of only RCTs.
Similarly, Lawati et al % found no
significant mortality and neurological
benefits with early angiography. Our study
had a similar result with a larger patient
sample and the latest reported the long-term
follow-up of the TOMAHAWK trial. ?

This meta-analysis has some limitations. As
a study-level analysis, differences at the
patient level may be overlooked, leading to
results that are subject to bias similar to
those in individual trials. Further, many of
the studies included were underpowered for
the outcomes, which impacted the overall
results. In addition, the duration of the
mortality outcome varies between the
studies, making it difficult to interpret for
generalization. Further ongoing and future
trials may provide better information as to
whether such patients should receive
standardized early angiography in every
case. 4

CONCLUSIONS

Early coronary angiography in OHCA
patients without STEMI does not confer any
benefit in terms of mortality or neurological
outcomes compared with delayed or
selective angiography.
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