SYSTEMATIC REVIEW

Early Versus Delayed Coronary Angiography
After Out-of-Hospital Cardiac Arrest Without
ST-Segment Elevation—A Systematic Review
and Meta-Analysis of Randomized Controlled

Trials

OBIJECTIVES: The optimal timing of coronary angiography remains unclear fol-
lowing out-of-hospital cardiac arrest (OHCA) without ST elevation on electro-
cardiogram. The objective of this systematic review and meta-analysis was to
evaluate the efficacy and safety of early angiography versus delayed angiography
following OHCA without ST elevation.

DATA SOURCES: The databases MEDLINE, PubMed EMBASE, and CINHAL,
as well as unpublished sources from inception to March 9, 2022.

STUDY SELECTION: A systematic search was performed for randomized con-
trolled trials of adult patients after OHCA without ST elevation who were random-
ized to early as compared to delayed angiography.

DATA EXTRACTION: Reviewers screened and abstracted data independently
and in duplicate. The certainty of evidence was assessed for each outcome
using the Grading Recommendations Assessment, Development and Evaluation
approach. The protocol was preregistered (CRD 42021292228).

DATA SYNTHESIS: Six trials were included (n = 1,590 patients). Early angiog-
raphy probably has no effect on mortality (relative risk [RR] 1.04; 95% CI 0.94-
1.15; moderate certainty) and may have no effect on survival with good neurologic
outcome (RR 0.97; 95% CI 0.87-1.07; low certainty) or ICU length of stay (LOS)
(mean difference 0.41 days fewer; 95% CI —1.3 to 0.5 d; low certainty). Early an-
giography has an uncertain effect on adverse events.

CONCLUSIONS: In OHCA patients without ST elevation, early angiography
probably has no effect on mortality and may have no effect on survival with good
neurologic outcome and ICU LOS. Early angiography has an uncertain effect on
adverse events.

KEY WORDS: coronary angiography; meta-analysis; non-ST elevated myocardial
infarction; out-of-hospital cardiac arrest; randomized controlled trials

worldwide, and survival to hospital discharge is less than 10% (1-3).

Even among those with return of spontaneous circulation (ROSC) and

who are admitted to hospital, survival to discharge is less than 40% (3). Among

the principles of postcardiac arrest care are the identification and treatment of

the underlying cause for arrest (4). However, the etiology is not always imme-
diately clear, and this can lead to delays in cause-directed treatment.

Cardiac disease is the most common cause of OHCA in adults, of which acute

coronary occlusion is a common etiology (5). Acute coronary occlusion is found

O ut-of-hospital cardiac arrest (OHCA) remains a leading cause of death
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@\ KEY POINTS

Question: In a systematic review and meta-anal-
ysis of randomized controlled trials, what are the
differences in efficacy and safety outcomes for
early versus delayed coronary angiography strate-
gies for patients without ST elevation after out-of-
hospital cardiac arrest?

Findings: Five studies with 1,524 patients were
included. Compared with delayed angiography,
early angiography probably has no effect on mor-
tality and may have no effect on survival with good
neurologic outcome. Early angiography has an un-
certain effect on most adverse events.

Meanings: There is probably no benefit to an early
compared with delayed angiography strategy for
patients without ST elevation after out-of-hospital
cardiac arrest.

. J

in a substantial proportion of patients post ROSC with
ST-segment elevation on initial electrocardiogram
(ECG), and early coronary angiography and revascu-
larization is associated with improved survival in this
population (6-8). Multiple guidelines strongly recom-
mend early angiography after OHCA with ST elevation
post ROSC (4, 9, 10). However, in patients without ST
elevation post ROSC, the incidence of acute coronary
occlusion is much lower, and the potential benefits of
early angiography are less clear (8, 11). The proportion of
patients following OHCA without ST elevation is much
larger and includes noncardiac causes of cardiac arrest,
such as pulmonary embolism, hypoxia, and intoxica-
tion. Despite a more heterogenous population, including
patients without coronary occlusion, observational stud-
ies have suggested that patients without ST elevation post
ROSC may still benefit from early angiography (6, 7, 12),
although the results are based on very low certainty of
evidence (13). A number of recently published random-
ized controlled trials (RCTs) have investigated the ben-
efit of early coronary angiography in patients without ST
elevation on ECG after ROSC (14-18), and some of these
studies have been summarized in a recent systematic re-
view (19). However, this review included both post hoc
observational data and RCTs, did not include two more
recent RCTs (18, 20), and did not assess the certainty of
their summarized evidence (19). As such, the objective of
this study was to conduct an updated systematic review
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and meta-analysis of RCTSs to evaluate the safety and ef-
ficacy of early versus delayed angiography in patients
without ST elevation post ROSC.

METHODS

The protocol for this systematic review was regis-
tered on the International Prospective Register of
Systematic Reviews (PROSPERO) (CRD42021292228)
on November 19, 2021. Any deviations from the pub-
lished protocol are highlighted with an accompanying
explanation. The updated Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) state-
ment was used to guide the design and reporting of our
systematic review and meta-analysis (21) (see supple-
mentary appendix for PRISMA Checklist, Appendix 7,
http://links.Ilww.com/CCX/B149).Given the study was a
systematic review of previously published data, it was ex-
empt from review from our Institutional Review Board.

Systematic Search

We conducted a comprehensive search of MEDLINE,
PubMed EMBASE, CINHAL, and unpublished
sources including World Health Organization ICTRP,
ClinicalTrials.gov, and the Cochrane trial registry from
inception until March 9, 2022. We searched for RCTs
investigating early versus delayed coronary angiog-
raphy for OHCA patients in the absence of STEMI. We
did not apply language restrictions. We developed the
search strategy with the assistance of an expert medical
librarian and included three search terms: “Coronary
angiography, “Out of hospital cardiac arrest,” and
“Non-ST-segment elevation MI” (see supplementary
appendix for search strategy, Appendices 1-5, http://
links.lww.com/CCX/B149). We used the Medical
Subject Headings database for identification of syn-
onyms. We examined the reference list of full-text ar-
ticles for additional relevant studies. We also searched
conference proceedings within the last 2 years for
the Society of Critical Care Medicine, the European
Society of Intensive Care and Emergency Medicine,
American Heart Association, the American College of
Cardiology, the European Society of Cardiology, and
the Canadian Cardiovascular Society.

Study Selection

We included RCTs if they examined patients with
OHCA who were randomized to early coronary
February 2023 « Volume 5 * Number 3
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angiography as compared with delayed angiography.
We included studies of adults who had been suc-
cessfully resuscitated after OHCA in the absence of
ST-segment elevation on post ROSC ECG. We in-
cluded studies reporting on the following outcomes:
mortality at longest follow-up, disability (as measured
by the Cerebral Performance Category [CPC] or an-
other validated scale as per the individual study), du-
ration of mechanical ventilation, ICU length of stay
(LOS), hospital LOS, and adverse events including
ventricular arrhythmias, major bleeding (as defined by
study authors), acute kidney injury (as defined by study
authors), and need for renal replacement therapy. For
outcomes reported at multiple timepoints, we used the
longest reported follow-up.

After implementation of the search strategy, two
reviewers screened potentially relevant citations in-
dependently and in duplicate. Citations deemed po-
tentially relevant by either screener were advanced to
full-text review. Full texts were subsequently reviewed
for eligibility, with disagreements resolved by con-
sensus, and third-party adjudication if required. We
captured reasons for exclusion at the full-text screen-
ing stage.

Data Extraction and Quality Assessment

Reviewers extracted data independently and in du-
plicate using prepiloted data abstraction forms. We
extracted the following information from included
studies: study title, first author, demographic data,
details of the intervention, control, outcome data, and
risk of bias (RoB) for each study. We contacted study
authors for clarification when the population charac-
teristics, method of follow-up, or outcome data were
unclear or not reported. We assessed RoB, independ-
ently and in duplicate using a modified Cochrane
RoB 2 tool (22) for which each domain is rated as
“low;” “probably low;” “high,” or “probably high” We
examined the following RoB domains: bias arising
from the randomization process, bias due to protocol
deviations, bias due to missing outcome data, bias in
outcome measurement, and bias due to selective out-
come reporting. We rated the overall RoB for an indi-
vidual trial close to the highest risk attributed to any
domain.

We assessed the overall certainty of evidence for
each outcome using the Grading Recommendations
Assessment, Development and Evaluation (GRADE)
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approach (23). We resolved disagreements for RoB
and GRADE assessment by consensus. We used the
Guideline Development Tool (www.gradepro.org) to
build the Summary of Findings table. For LOS out-
comes, a clinically important difference was considered
one day. Results were contextualized using GRADE
narrative statements (24).

Statistical Analysis

We used DerSimonian and Laird random-effects
models (25) to conduct the meta-analysis using
RevMan 5.4 (Cochrane Collaboration, Oxford,
United Kingdom) software. We generated study
weights using the inverse variance method for con-
tinuous outcomes and dichotomous outcomes. We
present results as relative risks (RRs) and risk differ-
ence (RD) for dichotomous outcomes and mean dif-
ference (MD) for continuous outcomes, all with 95%
CIs. We calculated absolute effects using the pooled
baseline prevalence from the control arm of included
trials. The Hozo model was used to convert median
and range to mean and variance when required (26).
We assessed heterogeneity between trials using visual
inspection of the forest plots, the chi-square test for
homogeneity (where p < 0.1 indicates important het-
erogeneity), and the I* statistic (for which 50% or
greater was considered reflective of potentially im-
portant heterogeneity) (27). Although planned, we
did not construct funnel plots to assess for publica-
tion bias as these are inaccurate when less than 10
trials are included in the analysis (28). We planned
to perform predefined subgroup analysis comparing
studies of 1) high RoB compared with those at low
RoB, 2) patients with initial shockable rhythm com-
pared with nonshockable rhythm, 3) patients with
known coronary artery disease compared with no
known coronary artery disease, and 4) patients with
duration of arrest greater than or equal to 20 minutes
compared with less than 20 minutes. For subgroup
findings that were significant, we planned to use the
Instrument for assessing the Credibility of Effect
Modification Analyses (ICEMAN) tool to judge sub-
group credibility (29).

RESULTS

Of the 383 citations identified in the search (Fig. 1), we
excluded 97 duplicates and a further 234 citations after
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Figure 1. Study flowchart.

title and abstract screening, and we assessed 47 full
texts. We included six RCTs (n = 1,590 patients) in the
review (14-18, 20). Baseline characteristics of included
trials are summarized in Appendix 8, Supplemental
Table 1 (http://links.lww.com/CCX/B149). One trial
was originally included as an abstract; however, upon
publication of the article after our search was com-
pleted, we did a full text review and included this trial
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in our analysis (18). A further recent RCT was pub-
lished during the peer review process and was included
in our analysis (20).

Description of Included Studies

All included RCTs were multicenter studies. The
mean age of participants ranged from 65 to 71 years.

February 2023 « Volume 5 * Number 3


http://links.lww.com/CCX/B149

Systematic Review

Five trials included adults greater than or equal to

18 years; one trial included adults greater than or 8 3 > 2 3 3
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presentation in three trials (15, 17, 20). In the trials
with early angiography immediately after presenta-
tion, one did not provide time from arrest to angiog-
raphy (16), whereas the other trial had a median time
from arrest to angiography of 2 hours (18). The tim-
ing of delayed angiography ranged between 6 hours
and 4 days following hospital presentation. The de-
cision to perform angiography, however, was subject
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ography, 763 of 798 (95.6%) received angiography,
whereas 473 of 792 patients (59.7 %) assigned to
delayed angiography received an angiogram during
their index hospitalization (14-18, 20). The duration
of follow-up ranged between 3 months and 1 year.
Severity of coronary artery disease was reported in
five trials (included in Appendix 8, Supplemental
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Early angio  Delayed angio Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Elfwen 2019 3 38 6 40 0.6% 0.53[0.14, 1.96] ¢
Lemkes 2019 97 273 87 265 18.4% 1.08 [0.86, 1.37] ST B
Kern 2020 27 49 30 50 8.8% 0.92 [0.65, 1.29]
Desch 2021 143 265 122 265 34.7% 1.17 [0.99, 1.39] T &
Hauw-Berlemont 2022 90 141 92 138 34.7% 0.96 [0.81, 1.14] S b e
Viana-Tejedor 2022 12 32 14 34 2.8% 0.91 [0.50, 1.66]
Total (95% CI) 798 792 100.0% 1.04 [0.94, 1.15] o
Total events 372 351

P 2 _ . 2 _ _ _ 92 4 L f n
Heterogeneity: Tau® = 0.00; Chi* = 4.61, df = 5 (P = 0.46); I’ = 0% G o7 1 G 3

Test for overall effect: Z = 0.79 (P = 0.43)

Favours early angio Favours delayed angio

Figure 2. Forest plot comparing early versus delayed angiography after out-of-hospital cardiac arrest without ST-segment elevation for

mortality at longest point of follow-up. df = degrees of freedom.

Efficacy Outcomes

Appendix 8, Supplemental Table 2 (http://links.lww.
com/CCX/B149) shows the summary of findings for all
outcomes including the certainty of evidence. Pooled
analysis found that in patients with OHCA without
ST elevation, early angiography probably has no effect
on mortality at the longest follow-up (RR 1.04; 95% CI
0.94-1.15; RD 1.8% increase; 95% CI, 2.7% reduction
to 6.6% increase; moderate certainty) (Fig. 2) and may
have no effect on survival with good neurologic outcome
as assessed with the CPC score of 2 or less (RR 0.97; 95%
CI 0.87-1.07; RD 1.4% reduction; 95% CI, 6.1% reduc-
tion to 3.3% increase; low certainty) (Fig. 3). Early an-
giography may have no effect on ICU LOS (MD 0.41 d
fewer; 95% CI -1.3 to 0.5 d; low certainty) (Appendix 6,
Supplemental Fig. 1, http://links.lww.com/CCX/B149).
Early angiography may have no effect on duration of
mechanical ventilation (MD 0.29 d fewer; 95% CI -1.2
to 0.6 d; low certainty) (Appendix 6, Supplemental Fig.
2, http://links.lww.com/CCX/B149) and may have no
effect on hospital LOS (MD 0.82 d fewer; 95% CI -3.9 to
2.3 d; low certainty) (Appendix 6, Supplemental Fig. 3,
http://links.Iww.com/CCX/B149).

Safety

Early angiography has an uncertain effect on major
bleeding (RR 0.95, 95% CI 0.55-1.62; RD 0.2% de-
crease, 2.0% decrease to 2.7% increase; very low cer-
tainty) (Appendix 6, Supplemental Fig. 4, http://
links.lww.com/CCX/B149), acute kidney injury (RR
1.18, 95% CI 0.33-4.20; RD 1.7% increase, 95% CI
6.4% decrease to 30.3% increase; very low certainty)
(Appendix 6, Supplemental Fig. 5, http://links.
lww.com/CCX/B149), or need for renal replace-
ment therapy (RR 1.10, 95% CI 0.78-1.57; RD 0.9%
increase, 95% CI 2.0% decrease to 5.2% increase;
very low certainty) (Appendix 6, Supplemental Fig.
6, http://links.Iww.com/CCX/B149). Furthermore,
early angiography has an uncertain effect on the in-
cidence of ventricular arrhythmia (RR 0.75, 95% CI
0.30-1.90; RD 2.0% decrease, 95% CI 5.6% decrease
to 7.2% increase; very low certainty) (Appendix 6,
Supplemental Fig. 7, http://linksIww.com/CCX/
B149). The ClIs for all safety outcomes were wide and
did not rule out the potential for harm (Appendix 8,
Supplemental Table 3, http://links.Iww.com/CCX/
B149).

Early angio  Delayed angio Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lemkes 2019 171 272 170 264  62.0% 0.98 [0.86, 1.11]
Kern 2020 16 49 13 50 2.7% 1.26 [0.68, 2.33]
Desch 2021 91 265 110 265  21.1% 0.83 [0.66, 1.03] b
Hauw-Berlemont 2022 47 141 42 138 8.6% 1.10 [0.78, 1.54]
Viana-Tejedor 2022 19 32 18 34 5.6% 1.12[0.73, 1.72]
Total (95% Cl) 759 751 100.0% 0.97 [0.87, 1.07] i
Total events 344 353

e 2 _ : 2 _ = = L2 _ : ; f |
Heterogeneity: Tau® = 0.00; Chi* = 3.62, df = 4 (P = 0.46); I = 0% o7 o5s 5 s

Test for overall effect: Z = 0.67 (P = 0.50)

Favours early angio Favours delayed angio

Figure 3. Forest plot comparing early versus delayed angiography after out-of-hospital cardiac arrest without ST-segment elevation for
survival with good neurological outcome as defined by Cerebral Performance Score of 2 or less. df = degrees of freedom.
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Sensitivity and Subgroup Analysis

Subgroup analyses comparing mortality in high RoB
studies versus low RoB studies or based on initial
shockable rhythm did not demonstrate effect modifica-
tion for mortality at longest follow-up (p value for sub-
group interaction < 0.05) (Appendix 6, Supplemental
Figs. 7 and 8, http://linksIww.com/CCX/B149).
Although planned, lack of data did not allow for other
subgroup analyses.

DISCUSSION

This systematic review and meta-analysis of RCTs
demonstrates that compared with delayed or no an-
giography, early angiography probably has no effect
on mortality and may have no effect on survival with
good neurologic outcome and ICU LOS for patients
without ST elevation post OHCA. Furthermore, early
angiography may have no effect on duration of me-
chanical ventilation and hospital LOS and has an un-
certain effect on most adverse events.

The lack of benefit of early angiography post OHCA
may be due to the heterogenous population included
in this group without ST elevation post ROSC. The
hypothesized benefit of early angiography is the iden-
tification and subsequent revascularization of an acute
coronary occlusion. However, patients without ST ele-
vation after OHCA often do not have an acute coronary
occlusion, with an incidence of only 15-40% from tri-
als included within this review. In contrast, in patients
with ST elevation after OHCA, 70-90% have an acute
coronary occlusion (8). Early angiography will likely
not benefit patients with other causes of cardiac arrest
and may even delay identification and treatment of
noncardiac causes of arrest. The trials included in this
meta-analysis selected patients most likely to benefit
from early angiography by excluding patients with ob-
vious or presumed noncardiac causes of cardiac arrest
(14-18). Despite this enrichment strategy, early angi-
ography was not found to be beneficial.

The results of this analysis are consistent with a pre-
vious meta-analysis of RCTs addressing the question
that did not include the most recently published RCTs
(19). That being said, by including the Emergency versus
Delayed Coronary Angiogram in Survivors of OHCA
Without ST-Segment Elevation trial (n = 279) and the
Coronary Angiography in Patients Without ST-segment
Elevation Following OHCA trial (n = 66), which were

Critical Care Explorations

not included in the previous review (18, 20), we have
achieved a higher degree of precision in findings which
may provide stronger conclusions. Other incremental
additions of this review compared with previous meta-
analyses on the topic include using the GRADE approach
to assess certainty in estimates of effect and excluding two
studies which had been included in previously published
meta-analysis but which were deemed ineligible for this
meta-analysis (30, 31). Of these two that were excluded,
one was a post hoc observational study of the targeted
temperature management RCT (30), where the decision
for timing of angiography was determined by the treating
clinician and was not done in a randomized fashion. The
second study was an RCT comparing expedited transfer
to a specialized postcardiac arrest center for early angiog-
raphy, versus transfer to the nearest geographical center
where the decision to perform angiography in this group
was left to the discretion of the treating clinician (31). Of
concern, 14 of 18 patients in the control group received
angiography with a median time from arrest to angio-
gram of 132 minutes, versus a median time of 100 min-
utes in early angiography group. We decided to exclude
this study given this strategy does not reflect our compar-
ator of interest but rather is comparing early angiography
at a specialized cardiac arrest center versus early angiog-
raphy at the geographically nearest hospital to the arrest.
It is still possible that certain subgroups of patients
without ST elevation may benefit from early angiog-
raphy; unfortunately, we did not have sufficient trial
level data to perform many preplanned subgroup
analyses. Large ongoing RCTs are comparing early an-
giography versus delayed or no angiography and can
hopefully better delineate these subgroups of interest
and provide more precision to best inform clinical
decisions (32). Further consideration of clinical his-
tory of preceding chest pain, non-ST elevation ECG
changes, echocardiographic findings demonstrating
new regional wall motion abnormalities, and elevated
troponin values could identify OHCA patients who
may benefit from an early angiography strategy (33—
35). Another OHCA population not captured in any of
the published RCTs is noncomatose patients, a popu-
lation with a better prognosis than comatose patients,
and one which will be studied in the upcoming
DISCO-NO-COMA trial (36-38). It is hypothesized
that in the noncomatose population, early angiography
may prevent progressive myocardial injury leading to
rearrest, compared with comatose patients who most

www.ccejournal.org 7
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often die from neurologic injury or withdrawal of life-
sustaining therapies due to anticipated poor prognosis
and whose prognosis may not change with coronary
revascularization (39).

Multiple international guidelines addressing cardio-
pulmonary resuscitation have deemphasized the role of
early angiography after OHCA in patients without ST ele-
vation post ROSC (4, 10) since the results of the Coronary
Angiography after Cardiac Arrest without ST-Segment
Elevation trial published in 2019 (17). However, the
results of the most recent RCTs were not available dur-
ing the development of those guidelines. As such, this
systematic review and meta-analysis will provide further
granularity and stronger conclusions for future guidelines
to consider when balancing the potential benefits, harms,
as well as values and preferences, and costs in developing
clinical recommendations for angiography strategies for
patients after OHCA without ST elevation.

This systematic review has several strengths, in-
cluding adherence to a preregistered protocol, a com-
prehensive literature search including unpublished
sources, duplicate and independent screening and data
abstraction, application of the GRADE approach to
assess certainty in pooled estimates of effect, and the
inclusion of the most recent published RCTs. There
are also limitations. First, we were unable to perform
many of the preplanned subgroup analyses due to in-
sufficient trial level data. Second, there was important
heterogeneity in outcome definitions between studies,
which may have contributed to serious imprecision in
reporting of outcomes; however, this clinical hetero-
geneity did not translate into statistical heterogeneity
for outcomes of interest. Third, the timing of delayed
angiography varied between trials.

CONCLUSIONS

In OHCA patients without ST elevation, early angi-
ography probably has no effect on mortality. Early an-
giography may have no effect on survival with good
neurologic outcome, hospital LOS, and ICU LOS and
has an uncertain effect on most adverse events.
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