
Open access 

  1Khera R, et al. Open Heart 2018;5:e000809. doi:10.1136/openhrt-2018-000809

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
openhrt- 2018- 000809).

To cite: Khera R, CarlLee S, 
Blevins A, et al. Early coronary 
angiography and survival after 
out-of-hospital cardiac arrest: a 
systematic review and meta-
analysis. Open Heart 
2018;5:e000809. doi:10.1136/
openhrt-2018-000809

RK and SC contributed equally.

RK and SC are joint first authors.

Received 25 May 2018
Revised 15 August 2018
Accepted 31 August 2018

For numbered affiliations see 
end of article.

Correspondence to
Dr Saket Girotra;  saket- girotra@ 
uiowa. edu

Early coronary angiography and 
survival after out-of-hospital cardiac 
arrest: a systematic review and meta-
analysis

Rohan Khera,1 Sheena CarlLee,2 Amy Blevins,3 Marin Schweizer,1,4 Saket Girotra4,5

Arrhythmias and sudden death

© Author(s) (or their 
employer(s)) 2018. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

AbstrAct
Background Although acute myocardial infarction is a 
common cause of out-of-hospital cardiac arrest (OHCA), 
the role of early coronary angiography in OHCA remains 
uncertain. We conducted a meta-analysis of observational 
studies to determine the association of early coronary 
angiography with survival in OHCA.
Methods We searched multiple electronic databases 
for published studies on early coronary angiography in 
OHCA between 1 January 1990 and 18 January 2017. 
Studies were included if (1) restricted to only OHCA, (2) 
included an exposure group that underwent early coronary 
angiography within 1  day of arrest onset and a concurrent 
control group that did not undergo early coronary 
angiography, and (3) reported survival outcomes. We used 
a random-effects model to obtain pooled OR. I2 statistics 
and Cochran’s Q test were used to determine between-
study heterogeneity.
Results A total of 17 studies with 14 972 patients were 
included, of whom 6424 (44%) received early coronary 
angiography. Early coronary angiography was associated 
with higher odds of survival (pooled OR 2.54 (95% CI 
1.94 to 3.33)) and survival with favourable neurological 
outcome (pooled OR 2.37 (95%  CI 1.71 to 3.28)). However, 
there was substantial heterogeneity in our pooled 
estimate (I2=88%  and p value for Cochran’s test <0.0001 
for both outcomes). The large heterogeneity in pooled 
estimates was reduced after including adjusted estimates 
when available, and was explained by differences in 
methodological rigour and characteristics of included 
studies.
Conclusion Among patients resuscitated from OHCA, 
early coronary angiography is associated with increased 
survival to discharge and favourable neurological outcome.

IntRoduCtIon
Out-of-hospital cardiac arrest (OHCA) affects 
nearly 400 000 patients each year in the USA 
and is associated with poor survival.1 2 Acute 
myocardial infarction (AMI) is a common 
cause of OHCA especially in patients with 
ventricular arrhythmias.3 While early coro-
nary angiography and revascularisation are 
the standard of care in AMI,4 uncertainty 
remains regarding the effectiveness of an 

early invasive strategy in patients with OHCA, 
particularly in patients without obvious signs 
of ischaemia on an ECG. This issue is of crit-
ical importance since a 12-lead ECG has been 
shown to be unreliable in diagnosing AMI in 
resuscitated patients.3 While a routine early 
invasive strategy in postarrest patients may be 
beneficial in restoring myocardial perfusion 
in such patients, its benefit may be counter-
balanced with the risk of invasive procedures 
in patients in whom prognosis for neurolog-
ical recovery may be unclear.

In the absence of data from randomised 
controlled trials, the evidence supporting 
a benefit of early coronary angiography in 
OHCA comes entirely from observational 

Key questions

What is already known about this subject?
 ► Acute myocardial infarction is a common cause of 
out-of-hospital cardiac arrest (OHCA). ,

 ► Although early coronary angiography is associated 
with improved survival outcomes in prior studies of 
patients with OHCA, there is substantial heteroge-
neity in the effect.

What does this study add?
 ► In this updated systematic review and meta-anal-
ysis of observational studies, we found that early 
coronary angiography was associated with nearly 
twofold higher odds of survival and favourable neu-
rological outcome.

 ► Large heterogeneity in the effect estimate was 
explained in part by differences in methodological 
rigour and included patient characteristics.

How might this impact on clinical practice?
 ► Early coronary angiography is associated with im-
proved odds of survival and favourable neurological 
outcome in OHCA.

 ► In the absence of randomised controlled trials, our 
findings support current guidelines that recommend 
use of early coronary angiography as a means to 
improve survival in OHCA.

http://www.bcs.com
http://openheart.bmj.com/
http://dx.doi.org/10.1136/openhrt-2018-000809
http://dx.doi.org/10.1136/openhrt-2018-000809
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2018-000809&domain=pdf&date_stamp=2018-010-19
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studies.5–7 Although most of these studies have shown 
early coronary angiography to be associated with 
improved survival, the magnitude of effect varies across 
studies. Likewise, previous meta-analyses have found 
early coronary angiography to be associated with survival 
in patients with OHCA.8 9 However, substantial hetero-
geneity was noted in the pooled survival estimate, which 
was not adequately explored. Moreover, the meta-anal-
ysis was further limited by inclusion of studies of patients 
with in-hospital cardiac arrest (IHCA).10 Finally, since the 
publication of the previous meta-analyses, several large 
studies that collectively enrolled >8000 patients and were 
methodologically rigorous have since been published.6 7

Therefore, our overarching objective was to conduct 
an updated systematic review and meta-analysis of obser-
vational studies that compared the use of early coronary 
angiography, defined as coronary angiography within 24 
hours from the onset of cardiac arrest, and survival and 
neurological outcome in patients following successful 
resuscitation from OHCA, and determine the sources 
of heterogeneity in effect estimates observed in prior 
studies. Our hypothesis was that early coronary angiog-
raphy would be associated with improved survival and 
neurological outcome in patients with OHCA. In addi-
tion, we hypothesised that heterogeneity in survival 
estimates noted in previous meta-analyses would be 
explained by differences in methodological rigour and 
patient characteristics of included studies.

MetHods
The study was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses guidelines and the Meta-analysis of Observational 
Studies in Epidemiology checklist (online supplementary 
table 1).11 12 An experienced health sciences librarian 
ran extensive literature searches in MEDLINE via Ovid, 
Cochrane Database of Systematic Reviews, Database of 
Abstracts of Reviews of Effects, Cochrane Central Register 
of Controlled Trials, Embase, Web of Science, and  Clin-
icalTrials. gov between 1 January 1990 and 18 January 
2017. We restricted our search to studies published after 
1990, since coronary angiography and percutaneous 
revascularisation had not been incorporated into clinical 
care for emergent conditions like AMI until that period. 
Search terms included subject headings and keywords 
for cardiac arrest, asystole, sudden cardiac death, coro-
nary angiography, cardiac catheterisation, coronary angi-
oplasty and percutaneous coronary intervention (PCI). 
No filters for language were applied to the searches. 
Full search strategies from all databases are listed in the 
(online supplementary appendix). We also reviewed the 
references from all included articles to identify additional 
studies that were not identified in the initial search.

study selection
To be included in the meta-analysis, studies were required 
to meet the following inclusion criteria: (1) restricted to 

patients with OHCA in studies and excluded patients 
with IHCA, (2) included an exposure group that under-
went early coronary angiography within 24 hours of 
cardiac arrest, (3) included a concurrent control group 
that did not undergo early coronary angiography (may 
undergo coronary angiography 24 hours after OHCA 
or not undergo coronary angiography at all), and (4) 
reported at least one of the following as an outcome: 
in-hospital survival, 30-day survival or in-hospital survival 
with favourable neurological outcome. We excluded 
studies that were case reports, review articles, commen-
taries, guidelines, studies that combined both IHCA and 
OHCA, studies that did not identify patients undergoing 
early coronary angiography separately from patients 
undergoing coronary angiography at any point during 
the hospital course, studies that did not include a concur-
rent control group (eg, historical control), and studies 
that compared outcomes in patients according to receipt 
of PCI rather than early coronary angiography (figure 1).

outcomes
The primary outcome of interest was in-hospital survival. The 
secondary outcome was survival with favourable neurolog-
ical outcome. The Cerebral Performance Category (CPC) 
score is the tool most commonly used to assess neurological 
outcome at discharge. A CPC score of 1 denotes mild or no 
neurological disability, 2 moderate neurological disability, 
3 severe neurological disability, 4 coma or vegetative state, 
and 5 brain death. Survival with a CPC score of 1 or 2 is 
commonly used to denote survival with favourable neuro-
logical outcome. In studies where neurological assessment 
was performed with a modified Rankin Scale, we used that 
study’s definition of survival with favourable neurological 
outcome, since there is proven correlation between ‘good 
outcome’ on these two scales.

data extraction and quality assessment
Two reviewers (SC and RK) evaluated each study for inclu-
sion and independently extracted the data into a data 
abstraction form. A third independent reviewer (SG) 
evaluated the data abstraction forms prepared by the 
two reviewers and assessed agreement between them. All 
inconsistencies were resolved with consensus. The two 
independent reviewers abstracted data on publication year, 
study design, data collection (prospective or retrospective), 
timing of early coronary angiography (<6 hours, <24 hours 
and so on), patient population (eg, mean age, proportion 
of patients with shockable rhythms, ST-elevation myocardial 
infarction (STEMI), receiving early coronary angiography 
and PCI, receiving concomitant therapeutic hypothermia), 
outcome assessed (in-hospital survival, survival with favour-
able neurological outcome), definition of study outcome 
(eg, CPC score or modified Rankin Scale for neurological 
assessment), and the number of patients in each exposure 
group that experienced a study outcome. In addition, 
data on the adjusted OR and 95% CI between early coro-
nary angiography and survival outcome from studies that 
reported such data were also extracted.

https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram. CINAHL, Cumulative 
Index to Nursing and Allied Health Literature.

Study quality was assessed using the Newcastle-Ottawa 
Scale, a tool that is widely used for assessing the quality 
of non-randomised studies included in a meta-analysis.13 
The tool evaluates each study on eight items, which are 
categorised into three groups—selection of the study 
groups, comparability of the groups, and ascertainment 
of either the exposure or the outcome within each group.

statistical analysis
We used the extracted raw data to calculate the natural 
logarithm of the OR and its variance, and used these 
estimates for pooling effects in all studies. We used a 
random-effects model with inverse variance weighting 
to generate a pooled OR of the effect estimate.14 
Results for individual studies and summary results are 
expressed as an OR with 95% CI. Some studies reported 
the effect of early coronary angiography on study 
outcomes after adjusting for potential confounders. 
We conducted additional analyses in which we used the 
adjusted OR and its variance from such studies, and raw 
unadjusted data if no adjusted results were provided, to 
calculate a pooled estimate using the generic inverse 
variance method. Heterogeneity was assessed using the 
Cochran’s Q statistic, which is based on a χ2 test with 
k-1 df (where k is the number of studies).15 Given the 
low power of the test of heterogeneity, we also calcu-
lated the I2 statistic, which quantifies the proportion 
of between-study variation that is due to heterogeneity. 
Heterogeneity was considered to be substantial if the 
I2 value was >50%. To determine the extent to which 
our pooled estimate was influenced by the inclusion 
of adjusted OR from studies that provided them, we 
repeated the above analyses after including only the 
unadjusted OR from all studies to calculate the pooled 

OR for survival and survival with favourable neurolog-
ical outcome, respectively.

We created a funnel plot to visually assess publication bias. 
All statistical calculations were performed using RevMan 
V.5.3 (Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2014) and STATA V.14.

subgroup analyses
To explore heterogeneity in our estimate, we further exam-
ined the association between early coronary angiography 
and our study outcomes within the following subgroups 
based on methodological rigour and patient characteris-
tics. Studies were defined as methodologically rigorous if 
methods to account for confounding due to indication (eg, 
propensity score analysis, multivariable logistic regression 
and so on) and appropriate confounding variables were 
included and information regarding model performance 
(eg, calibration, discrimination) was provided. Given that 
the relative impact of early coronary angiography may 
differ according to initial rhythm (eg, ventricular fibrilla-
tion) and underlying cause (eg, STEMI), we repeated the 
above analyses within subgroups defined by initial rhythm 
(studies of only patients with shockable rhythm vs studies 
that included all patients) and inclusion or exclusion of 
patients with STEMI.

Results
study characteristics
The search and review process is summarised in figure 1. 
Of the 8699 articles in our initial search, 8592 articles 
were excluded based on the review of title, or title and 
abstract. A total of 107 articles were selected for full 
review, of which 17 articles met our study criteria and 
were included in the meta-analysis.5–7 16–29
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Figure 2 Forest plot of the association between early coronary angiography and survival in patients with out-of-hospital 
cardiac arrest A: including unadjusted data from all studies. B: including adjusted data when available. cath, catheterisation; 
ECA, early coronary angiography; IV, inverse variance; M-H, Maentel Haensel.

Table 1 provides details of the 17 included studies, 
which contributed a total of 14 792 patients. There were 
6424 (44%) patients in the early coronary angiography 
group and 8368 (66%) patients in the group that did 
not undergo early coronary angiography. The mean 
age ranged from 57 to 67 years, with a median age of 62 
years. All included studies were cohort studies. Nine of 
the 17 included studies were single-centre.5 16 17 21 22 25–28 
Among the included studies, the median proportion 
of patients with an initial shockable rhythm was 75% 
(range: 26%–100%). Four studies (23.5%) were limited 
to patients with an initial shockable rhythm,6 20 22 24 while 
the remaining included patients with both shockable 
and non-shockable cardiac arrests. The median rate of 
STEMI was 32%, ranging from 0% to 100%, with three 
studies (17.6%) conducted exclusively in patients without 
STEMI on their presenting ECG.18 20 21 Only four studies 
used methods that adequately adjusted for important 

confounders with the use of either a propensity score 
analysis or multivariable logistic regression,6 7 20 26 three 
reported risk-adjusted estimates for our primary outcome 
of overall survival,6 7 20 and three for our secondary 
outcome of favourable neurological survival.6 7 26

survival outcomes
Of the 17 studies included in this analysis, 16 (94%) 
reported data on in-hospital survival5–7 16–24 26–29 and 13 
(76%) reported data on survival with favourable neuro-
logical outcome.5–7 17 18 20–28 In pooled analysis, we found 
a significant positive association between the use of early 
coronary angiography and survival to discharge (OR 2.54 
(95% CI 1.94 to 3.33)). Likewise, early coronary angiog-
raphy was also associated with favourable neurological 
outcome (OR 2.37 (95% CI 1.71 to 3.28)). However, 
there was significant heterogeneity in the effect estimate 
across studies (I2=88% for both outcomes, p value for 
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Figure 3 Forest plot of the association between early coronary angiography and survival with favorable neurologic outcome 
in patients with out-of-hospital cardiac arrest A: including unadjusted data from all studies; B: including adjusted data when 
available. ECA, early coronary angiography.

Cochran’s Q test <0.0001, figures 2A and 3A). In analyses 
which included adjusted OR from studies that used statis-
tical methods for control of confounding, the effect of 
early coronary angiography remained significant, but the 
magnitude of the effect was decreased (survival: OR 1.91 
(95% CI 1.66 to 2.19); favourable neurological outcome: 
OR 1.93 (95% CI 1.52 to 2.46)), and the statistical heter-
ogeneity was reduced (I2=33% and 63%, respectively, 
figures 2B and 3B.

subgroup analyses
We conducted additional subgroup analyses to explore 
heterogeneity in our pool ed estimates, which are summa-
rised in table 2 and online supplementary figures 1–6. 
There were four studies that were considered method-
ologically rigorous and reported on in-hospital survival 
(table 2). In such studies, the pooled OR for the associa-
tion between early coronary angiography and survival was 
1.56 (95% CI 1.29 to 1.89) compared with 2.13 (95% CI 
1.86 to 2.43) from studies which were considered as less 
rigorous (table 2 and online supplementary figure 1). 
Similar findings were also noted for favourable neurolog-
ical survival (table 2 and online supplementary figure 2).

In studies which only included patients with an initial 
shockable rhythm (4 out of 17 studies), early coronary 
angiography was associated with a twofold increase in 
odds of survival to discharge (OR 2.03 (95% CI 1.38 to 
2.99); table 2 and online supplementary figure 3) and a 
50% increase in odds of favourable neurological survival 
(OR 1.50 (95% CI 1.29 to 1.73); table 2 and online 
supplementary figure 4). Heterogeneity in the effect esti-
mates was higher for survival (I2=51% vs 20%) but lower 
for favourable neurological survival (I2=0% vs 61%) in 
studies that only included patients with shockable rhythm, 
compared with studies which included patients regard-
less of the initial rhythm. Studies stratified by the inclu-
sion of patients with STEMI are reported in table 2 and 
online supplementary figures 5,6). In general, the asso-
ciation between early coronary angiography and survival 
outcomes was consistent with our overall findings.

Table 3 summarises the risk of bias as assessed using the 
Newcastle-Ottawa Scale. In general, most of the included 
studies were of moderate quality. The median quality 
score was 7, and only three studies had a score of 9 on the 
Newcastle-Ottawa Scale.

https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
https://dx.doi.org/10.1136/openhrt-2018-000809
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Table 2 Subgroup analysis

Subgroups 

In-hospital survival
Survival with favourable 
neurological outcome

Pooled OR
(95% CI) I2 (%)

Pooled OR
(95% CI) I2 (%)

Methodological rigour

High 1.56
(1.29 to 1.89) n=4

28 1.50
(1.30 to 1.75) n=2

0

Low 2.13
(1.86 to 2.43) n=12

0 2.06
(1.53 to 2.77) n=11

56

Rhythm

Only included patients with a shockable rhythm 2.03
(1.38 to 2.99) n=4

51 1.50
(1.29 to 1.73) n=4

0

Included patients with both shockable and non-shockable 
rhythm

1.93
(1.66 to 2.24) n=12

79 2.20
(1.59 to 3.05) n=9

61

STEMI

Only included patients without STEMI 1.77
(0.96 to 3.25) n=3

55 1.50
(1.15 to 1.96) n=3

0

Included patients regardless of whether STEMI was present 1.91
(1.70 to 2.23) n=13

26 2.13
(155 to 2.91) n=10

69

STEMI, ST-elevation myocardial infarction.

Publication bias
A funnel plot was created to assess publication bias 
(figure 4). The funnel plot was visually symmetrical, 
suggesting that the wide search criteria yielded a thor-
ough evaluation of the available evidence.

dIsCussIon
In this updated meta-analysis, we found that the use of 
early coronary angiography was associated with higher 
odds of survival to discharge and favourable neurolog-
ical survival in patients successfully resuscitated from an 
OHCA. The observed heterogeneity in pooled estimates 
was explained, in part, by differences in patient charac-
teristics and methodological rigour of included studies. 
The overall association of early coronary angiography 
with improved survival in OHCA was consistent in studies 
which explicitly accounted for selection bias. However, 
given the potential for unmeasured confounding varia-
bles in observational studies, data from randomised clin-
ical trials would be informative.

Previous meta-analyses have also shown early coronary 
angiography to be associated with survival.8 9 However, we 
build on these prior findings in a number of important 
ways. First, prior meta-analyses were conducted before 
the recent publication of the two largest studies6 7 which 
included 3981 and 4029 patients, respectively. Prior to 
the publication of these two studies, the largest study that 
examined the use of early coronary angiography in OHCA 
included less than 1000 patients.23 Due to limited sample 
size, most studies included in the previous meta-analysis 
only reported unadjusted outcomes as they lacked the 
statistical power needed to account for selection bias. 
Given that patients more likely to survive may be more 

likely to undergo coronary angiography, it is conceiv-
able that the benefit of early coronary angiography was 
overestimated in such studies. This may explain why the 
pooled OR of 1.91 in our study, which included adjusted 
outcomes when available, is lower in our meta-analysis 
than reported in the previous meta-analyses (OR 2.77 
and 2.78).8 9 Second, unlike previous meta-analyses which 
also included studies that examined use of early coronary 
angiography in patients with IHCA,10 we only focused 
on patients with OHCA. This is important because the 
aetiology, response time and survival rate for IHCA are 
markedly different compared with patients with OHCA, 
which may bias the association of early coronary angiog-
raphy with survival in studies that include patients with 
IHCA and OHCA. Finally, the large heterogeneity in 
previous meta-analyses limited the interpretability of the 
pooled estimate from prior studies. Although statistical 
heterogeneity was still present in our analysis, we found 
that the heterogeneity in the effect estimates was driven 
at least in part by differences in methodological rigour 
and included patient characteristics.

Most of the included studies only reported unadjusted 
association between early coronary angiography and 
survival outcomes, which are likely to be confounded 
by differences between patients who did and did not 
undergo early coronary angiography. Among studies that 
were judged as methodologically rigorous, the associa-
tion of early coronary angiography with study outcomes 
was more conservative and less heterogeneous in such 
studies. Given that early coronary angiography is more 
likely to be offered to patients who may be more likely 
to survive (such as patients with intact neurological func-
tion at the time of admission), failure to account for 
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Arrhythmias and sudden death

Figure 4 Funnel Plot to assess publication bias

confounding due to indication (or treatment selection 
bias) in study design may have a significant impact on the 
validity of observational studies.

We also found that between-study heterogeneity was 
also explained by differences in patient characteris-
tics of included studies. In particular, survival estimates 
from studies that only included patients with an initial 
shockable rhythm were less heterogeneous compared 
with studies that included all rhythms with regard to 
favourable neurological outcome. It is likely that patients 
with OHCA due to an initial shockable rhythm such as 
ventricular fibrillation are more likely to have AMI as 
the underlying aetiology of arrest, where the benefit of 
early coronary angiography is better defined compared 
with studies that included a more heterogeneous popu-
lation with regard to initial rhythm. Likewise, differences 
in studies with regard to proportion of patients with 
STEMI may have modified the association between early 
coronary angiography and survival and therefore also 
explained some of the between-study heterogeneity in 
the pooled estimates. Future studies would need to deter-
mine whether the beneficial effect of early coronary angi-
ography depends on the initial rhythm or the underlying 
aetiology of cardiac arrest.

Current guidelines recommend early coronary angiog-
raphy in patients with OHCA especially when an obvious 
non-cardiac cause is not present. The above benefit is 
possibly mediated by early PCI.30 Although our findings 
support the above recommendations, several randomised 
controlled trials are currently ongoing that would provide 
further evidence regarding the benefit of early coronary 
angiography in patients resuscitated from OHCA.

Our study findings should be interpreted in light of 
the following limitations. First, only four of the studies 

included in our meta-analysis were considered method-
ologically rigorous. Most studies only reported unad-
justed association of early coronary angiography with 
survival and therefore potential for confounding remains. 
Second, although we included two large studies that were 
recently published and were methodologically more 
rigorous, half of the studies included in this meta-analysis 
were single-centre, retrospective, enrolled a few hundred 
patients and were generally of lower quality. Third, the 
pooled estimate from this meta-analysis needs to be inter-
preted in the context of statistical heterogeneity among 
included studies. To address this limitation, we included 
adjusted estimates when available and conducted strati-
fied analyses and found that at least some of the hetero-
geneity between included studies was due to differences 
in methodological rigour and characteristics of included 
patients. Finally, although we found no evidence of publi-
cation bias using the funnel plot, it is still possible that 
studies that did not show a benefit of early coronary angi-
ography may not have been published.

In conclusion, early coronary angiography is associated 
with survival to hospital discharge and favourable neuro-
logical survival in patients resuscitated from OHCA. In 
the absence of data from randomised controlled trials, 
our findings support clinical practice guidelines that 
recommend use of early coronary angiography as a 
means to improve survival in OHCA.
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