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Out-of-hospital cardiac arrest:
Do we have to perform coronary angiography?
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Abstract

Out-of-hospital cardiac arvest (OHCA) remains a leading cause of global mortality, while survivors
are burdened with long-term neurological and cardiovascular complications. OHCA management at
the hospital level remains challenging, due to heterogeneity of OHCA presentation, the critical status of
OHCA patients reaching the return of spontaneous circulation (ROSC), and the demands of post ROSC
treatment. The validity and optimal timing for coronary angiography is one important, yet not fully
defined, component of OHCA management. Guidelines state clear recommendations for coronary angio-
graphy in OHCA patients with shockable riythms, cardiogenic shock, or in patients with ST-segment
elevation observed in electrocardiography after ROSC. However, there is no established consensus on
the angiographic management in other clinical settings.

While coronary angiography may accelerate the diagnostic and therapeutic process (provided OHCA
was a consequence of covonary artery disease), it might come at the cost of impaired post-resuscitation
care quality due to postponing of intensive care management. The aim of the current statement paper is
to discuss clinical strategies for the management of OHCA including the stratification to invasive pro-
cedures and the rationale behind the risk-benefit ratio of coronary angiography, especially with patients

wn critical condition. (Cardiol ] 2023; 30, 6: 1026-1037)
Key words: out-of-hospital cardiac arrest, coronary angiography

Introduction

Recommendations for performing coronary
angiography (CAG) in patients admitted after
out-of-hospital cardiac arrest (OHCA) are limited
to patients presenting with shockable rhythm,
cardiogenic shock, or in patients with ST-segment
elevation myocardial infarction (STEMI) on elec-
trocardiography (ECG) after a return of spontane-
ous circulation (ROSC) (Table 1) [1-6]. As the
majority of sudden cardiac arrests (CAs) are caused
by non-shockable rhythms without underlying
acute coronary lesion, they lack a clear indication
for CAG [7, 8]. The 2021 update of European Re-
suscitation Council (ERC) and European Society
of Intensive Care Medicine (ESICM) guidelines
describe post-resuscitation care outlining emer-
gent CAG strategy in the context of ST-elevation
(STE) prevalence, as well as in patients without
STE on the ECG but at a high probability of acute
coronary occlusion [4]. The 2020 European Society
of Cardiology (ESC) guidelines for the management
of acute coronary syndromes in patients presenting
without persistent STE recommend considering
delayed, as opposed to immediate, CAG among
hemodynamically stable patients without STE who
were successfully resuscitated after OHCA [3].
The recommendations are to be altered by ongoing
trials focusing on more detailed clinical settings
to further define the possible benefit of an early
invasive approach.

www . cardiologyjournal.org

Etiology of OHCA

The timeline of OHCA management implies
a number of pitfalls, and long-term clinical out-
comes that are strictly determined by the prompt-
ness and quality of the measures undertaken
during the initial period after CA. Sudden CA is
characterized by a relatively low prevalence among
the general population, challenging the develop-
ment of an accurate individual risk prediction tool.
It is particularly difficult among individuals without
premonitory symptoms who remain at risk of sud-
den CAs as their first cardiac event [9-12]. Ischemic
heart disease remains a dominant contributor to
sudden CAs, albeit cardiomyopathies associated with
myocardial fibrosis and left ventricular hypertro-
phy also significantly increases its prevalence [11].
Moreover, ischemic heart disease is less frequent
among younger populations (where genetic structural
disorders and cardiac channelopathies, myocarditis,
and congenital heart disease are more widespread),
but its prevalence increases with age which allows
for the atherosclerotic burden to build up [13].

ST-elevation on ECG

Since the OHCA population is so diverse, it
18 necessary to implement a differential diagnosis
as soon as possible after stabilizing the patient’s
condition. This allows for the ROSC status to be
reached or maintained and the patient’s prognosis
to be improved. The simultaneous implementation
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Table 1. Guideline recommendations for coronary angioplasty in cardiac arrest patients.

Guideline Coronary angioplasty Class, level
2017 ESC Guidelines for A primary PCI strategy is recommended in patients with resusci- I,B
the management of acute  tated CA and an ECG consistent with STEMI
Sm_lyocardlal |nf|arct|9n W1'th In cases without STE on post-resuscitation ECG but with a high lla, C
-segment elevation [1] suspicion of ongoing myocardial ischemia, urgent CAG should be
done within 2 h after a quick evaluation to exclude non-coronary
causes. In all cases, the decision to perform urgent CAG should
take into account factors associated with poor neurological outcome
2017 AHA/ACC/HRS In patients who have recovered from unexplained sudden CA, I, C-EO
Guideline for management CT or invasive CAG is useful to confirm the presence or absence
of patients with ventricular of ischemic heart disease and guide decisions for myocardial
arrhythmias and the revascularization
pre(\j/_entlé)n 0; sudden Quickly identifying and treating patients with OHCA related to acute NA
cardiac death [2] coronary occlusion is associated with improved survival and better
functional recovery
Coronary occlusion as a cause of CA is not reliably predicted by I, B-NR
clinical and ECG findings, and emergency CAG should be consid-
ered (rather than later in the hospital stay or not at all) for unstable
patients with a suspected cardiac etiology regardless of whether
the patient is comatose or awake
2020 ESC Guidelines for The management of patients presenting with resuscitated CA and NA
the management of acute  concomitant NSTE-ACS needs to be individualized according to
coronary syndromes in their hemodynamic and neurological status. In comatose survivors,
patients presenting with- ECG should be performed immediately for further evaluation of
out persistent ST-segment differential diagnoses
elevation [3] Delayed as opposed to immediate CAG should be considered lla, B
among hemodynamically stable patients without STE successfully
resuscitated after OHCA
2021 ACC/AHA/SCAI In patients with VF, polymorphic VT, or CA, revascularization of I, B-NR
Guideline for coronary significant CAD (with CABG or PCI) is recommended to improve
artery revascularization [5]  survival
2021 ERC and ESICM In patients with ROSC after OHCA without STE on the ECG, NA
Guidelines: post- emergent cardiac catheterization laboratory evaluation should
-resuscitation care [4] be considered if there is an estimated high probability of acute
coronary occlusion (e.g., patients with hemodynamic and/or
electrical instability)
2022 ESC Guidelines for In electrically unstable patients after sudden CA, with suspicion of I, C
the management of ongoing myocardial ischemia, a CAG is indicated
patients V,V'th ventricular Urgent CAG is recommended for patients presenting with STEMI |
arrhythmias and the
prevention of sudden
cardiac death [6]
REFERENCE FOR GUIDELINE RECOMMENDATIONS
ACC/AHA/HRS/SCAI Guidelines
Classes (STRENGTH) of Recommendation
Class | (STRONG) Benefit >>> Risk
Class lla (MODERATE) Benefit >> Risk
Class lib (WEAK) Benefit > Risk
Class lll: No Benefit (WEAK) Benefit = Risk
Class lll: Harm (STRONG) Risk > Benefit
Level (QUALITY) of Evidence
Level A
— High-quality evidence* from more than 1 RCT
— Meta-analyses of high-quality RCTs
— One or more RCTs corroborated by high-quality registry studies
9
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Table 1 (cont.). Guideline recommendations for coronary angioplasty in cardiac arrest patients.

Level B-R (Randomized)
— Moderate-quality evidence* from 1 or more RCTs
— Meta-analyses of moderate-quality RCTs

Level B-NR (Nonrandomized)

— Moderate-quality evidence* from 1 or more well-designed, well-executed nonrandomized studies,

observational studies, or registry studies
— Meta-analyses of such studies
Level C-LD (Limited Data)

— Randomized or nonrandomized observational or registry studies with limitations of design or execution

— Meta-analyses of such studies

— Physiological or mechanistic studies in human subjects

Level C-EO (Expert Opinion)

— Consensus of expert opinion based on clinical experience

ESC Guidelines

Classes of Recommendation

Class I: Conditions for which there is evidence and/or general agreement that a given procedure or treatment is

beneficial, useful, and effective

Class II: Conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/

/efficacy of a procedure or treatment

Class lla: Weight of evidence/opinion is in favor of usefulness/efficacy

Class llb: Usefulness/efficacy is less well established by evidence/opinion

Class lll: Conditions for which there is evidence and/or general agreement that a procedure/treatment is not

useful/effective and in some cases may be harmful

Levels of Evidence

Level of Evidence A: Data derived from multiple randomized clinical trials or meta-analyses of such studies

Level of Evidence B: Data derived from one or more randomized trials or meta-analysis of such studies.
Data derived from one or more non-randomized trials or meta-analysis of such studies

Level of Evidence C: Non randomized observational studies with limitations in design or execution or
metanalysis of such studies. Consensus opinion of experts based on clinical experience

*The method of assessing quality is evolving, including the application of standardized, widely used, and preferably validated evidence grading
tools; and for systematic reviews, the incorporation of an Evidence Review Committee.

ACC — American College of Cardiology; AHA — American Heart Association; CA — cardiac arrest; CABG — coronary artery bypass grafting;
CAD — coronary artery disease; CAG — coronary angiogram; CT — computer tomography; ECG — electrocardiography; ERC — European
Resuscitation Council; ESC — European Society of Cardiology; ESICM — European Society of Intensive Care Medicine; HRS — Heart Rhythm
Society; NA — not available; NSTE-ACS — non-ST-elevation acute coronary syndrome; OHCA — out-of-hospital cardiac arrest; PCl —
percutaneous coronary intervention; RCT — randomized controlled trial; SCAI — Society of Cardiovascular Angiography and Interventions;

STE — ST-elevation; STEMI — ST-segment elevation myocardial infarction; VF — ventricular fibrillation; VT — ventricular tachycardia

of various diagnostic elements enables a compre-
hensive assessment of the patient’s condition and
the determination of therapeutic priorities. One
of the fastest, widely available, and cost-effective
tools is the ECG, which is used in the initial stage of
patient management before reaching ROSC. ECG
is of additional importance in the context of high
positive predictive value of STE for acute coronary
lesions causing CA (85-96%), and OHCA being
the first manifestation of coronary artery disease
(CAD) [14-17]. International guidelines for de-
cades gave strong recommendations on the timely

management of patients presenting with STE on
post-ROSC ECG. Urgent (< 2 h) angiography with
primary percutaneous coronary intervention (PCI)
was the strategy of choice in this population [1]. As
a consequence, for over 12 years (2000 vs. 2012)
CAG and PCI were performed more frequently in
patients after post-ROSC STEMI of ventricular
tachycardia or ventricular fibrillation (VT/VF) of
OHCA origin (53.7% vs. 87.2% and 29.7% vs.
77.3%, respectively). Additionally, patient survival
to discharge has also improved (59.2% vs. 74.3%)
[18, 19] over this period.

www . cardiologyjournal.org 1029
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Non-ST-elevation myocardial infarction

The potential benefit or harm of urgent CAG
in patients without STE is still a subject of debate.
A question on the proper selection of patients for
early CAG strategy is particularly important. An
advantage of CAG in OHCA patients could only be
present in the group with significant stenosis in the
coronary artery who received PCI for reversing
ongoing ischemia [20]. Thus, it is conceivable that
the potential benefit of emergency CAG in patients
with post-ROSC depends heavily on the presence
of significant stenosis in the coronary arteries.

While the observational and registry data sug-
gest improved survival with early CAG [21-24],
randomized studies showed no such benefit when
comparing emergency CAG with a delayed strategy
[8, 25]. This was confirmed by a recent meta-anal-
ysis showing no difference in early vs. non-early
CAG in terms of mortality, neurological status, and
rate of PCI during 30 days among patients with
OHCA without STE [26].

The obstructive coronary atherosclerosis and
acute thrombotic occlusions in the post-OHCA
population are not uncommon but can vary between
different subgroups. In the PROCAT registry [16],
the reported prevalence of acute CAD was 58%,
while in TOMAHAWK randomized trial [25],
authors claimed a 40% prevalence of coronary
culprit lesions. In the EMERGE trial [8], the lat-
est published randomized study, significant CAD
was found only in 49.7% of patients. The highest
number of CAD post-OHCA, reaching 65%, was
observed in COACT trial [27]; however, patients
with non-shockable rhythm were excluded from
randomization. Other studies conducted in patients
with CA without STE who underwent CAG report
approximately 25% acute occlusions and nearly
60% significant obstructive lesions [28]. Despite
the high prevalence of CAD in OHCA patients
without STE, a high burden of comorbidities,
including intracranial bleeding, is present in this
population [29, 30], suggesting that the cause of CA
in this setting may be due to non-cardiac causes.
Additionally, the ECG changes originating from
a brain injury can be present and mimic myocardial
1schemia (widespread giant T-wave inversions, QT
prolongation, bradycardia, STE/ST-depression,
increased U wave amplitude) [31, 32]. Therefore,
before the final decision to perform CAG, unfavora-
ble features that potentially affect the survival of
complicated OHCA patients should be assessed,
preferably after consultation by a multidisciplinary
team. In this population, the outcomes are driven

by neurological complications or multiorgan failure,
resulting in a 10-fold higher mortality rate com-
pared to non—-CA patients with STE [33]. Faced
with numerous features indicating multiorgan and
irreversible ischemia, the incremental benefit of
restoring coronary perfusion would be marginal
and clinically insignificant.

To address some of these controversies,
a number of studies were conducted on patients
without STE in order to quantify the potential
role of CAG and intervention (Table 2) [8, 25,
27, 34-37]. The COACT trial [25] showed no
significant difference in clinical outcomes after
1-year follow-up in OHCA patients with a shockable
rhythm in the absence of STE treated with both
strategies. These results suggested that CAG can
be delayed until neurologic recovery. The data from
the TOMAHAWK trial [23] point toward the lack of
benefit of early CAG in clinical outcomes such as
survival, bleeding, stroke, or renal failure. Moreover,
the authors noted a slight increase in the composite
outcome of death and severe neurologic deficit in the
group treated with immediate CAG. Additionally, the
most recent randomized clinical trial showed that
a strategy of emergency CAG was not better than
a strategy of delayed CAG with respect to 180-day
survival rate and neurologic sequelae [8]. Immedi-
ate CAG may be warranted for a specific subgroup
of OHCA patients with no significant comorbidities
who are hemodynamically unstable and have an
unknown cause of arrest at the time of admission,
but who are likely to regain consciousness. These
patients were excluded from previous trials, but are
still at a high likelihood of having underlying CAD.

The choice to perform emergency CAG post-
-ROSC should also consider issues related to poor
neurological outcome. The clear-cut benefit of
immediate CAG in other settings is still a matter
of debate. Coronary angiography holds both poten-
tial risks and benefits that, could either improve
a patient’s condition or result in a greater burden
for complications. This would depend on the under-
lying cause of the OHCA and concomitant medical
issues (Table 3). Urgent CAG may increase the risk
of bleeding and procedural complications, espe-
cially in unstable and neurologically compromised
patients after an extensive resuscitation, which
can further decline chances of survival. On the
other hand, primary revascularization of coronary
occlusions increases myocardial viability, securing
better cardiovascular and perfusion stability that
might be of a paramount importance in patients
with severe acute myocardial dysfunction. In cases
where coronary revascularization is not feasible,

1030 www . cardiologyjournal.org
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Table 3. Benefits and risks of revascularization in out-of-hospital cardiac arrest patients.

Benefits

Risks

High prevalence of coronary artery occlusions
despite the absence of ST-elevation on the first
acute electrocardiography

Exclusion of coronary artery disease leading
to facilitated differential diagnosis towards
alternative etiology of cardiac arrest

Withdrawal of potentially harmful antithrombotic
treatment in case of coronary artery disease exclusion

Highly unstable patients at a high risk of coronary
angiography complications (a need to identify patients
that would benefit from the procedure by detection

of other potential treatable causes of the arrest,
provision of clinical optimization prior to angiography)

Procedure-related adverse events

Suboptimal care during peri-catheterization period
(intensive care management included)

the exclusion of underlying CAD can provide valu-
able insights into differential diagnosis of compli-
cated OHCA cases and optimal pharmacological
management. Some investigators believe that
reorganization and facilitation of OHCA manage-
ment could offer significant clinical benefit. The
ongoing ARREST [34] trial assesses the impact of
the facilitated organization of OHCA management
(direct transfer to CA center) in patients without
STE vs. the current standard of care. Notably,
a consulting cardiologist should be aware of poten-
tial neurological compromise and questionable sur-
vival benefit when qualifying to CAG. As reported
in the study by Laver et al. [38], regardless of initial
rhythm or ECG findings, the main reason for death
in patients with OHCA is due to anoxic brain injury
and, secondly, due to a refractory post-arrest shock
and multi-organ failure. It was also confirmed in
the COACT trial [27], which demonstrated that
neurological condition was the cause of death in
more than 70% of cases.

Treatment algorithm for
management of OHCA

While response time and quality of care in the
“chain of survival” predominantly affect survival
of OHCA patients, an access to certain specific
treatments, such as early activation of emergency
medical services and resuscitation or advanced
post-admission care with a focus on treating the
underlying cause of OHCA, improves chances of
recovery [39-41]. Upon OHCA patient arrival to
a hospital emergency department, rapid and de-
tailed assessment is required to develop a tai-
lored treatment plan to be implemented in the
department specializing in intensive management
(Central illustration) [28, 42, 43]. Notably, 80% of
OHCA patients admitted alive to the hospital are
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unconscious [44, 45]. Considering the high fre-
quency of CAD as a cause of OHCA, interventional
cardiologists are consulted frequently to consider
CAG. Although emergency CAG is recommended
in post-resuscitation STEMI patients, there is
a common belief among physicians about the al-
leged benefit of CAG in OHCA patients without
STE, which is not supported by current evidence.

Timely introduction of post-ROSC care, in-
cluding admission to cardiac intensive care unit
(CICU) or intensive care unit (ICU), targeted
temperature management, vital-organ support,
and treatment of the underlying cause of the
arrest improves neurological outcomes that are
detrimental drivers of survival and quality of life
after hospital discharge, with studies reporting
the majority of non-survivors dying of neuro-
logic complications after the CA [27, 38, 46-48].
Therefore, any procedures delaying the initiation
of post-ROSC management should be accounting
for the potential benefit-risk ratio of an individual
patient. This, depends on the center’s organiza-
tion and team leader approach for a specific clini-
cal presentation, that usually takes one of two
forms — ordering advanced imaging procedures,
and consults from the level of the emergency
department, prior to the admission to CICCU/
/ICU, or timely admission to CICU/ICU, where
additional procedures are conducted after a period
of initial stabilization of the condition and initia-
tion of post-ROSC care. The clinical condition
of the patient and OHCA presentation remains
a significant driver for diverse steps of treatment
management. Unclear presentation requires the
execution of not only general post-ROSC care
but also an introduction of differential diagnosis
and personalized management. Any concomitant
conditions that contributed to OHCA or has com-
plicated its presentation require urgent medical
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OHCA
Persistent or recurrent Arrival to ED
cardiac arrest ~ assessment ™ ROSC
Guideline-recommended 12-lead ECG

ALS protocol
Mechanical CPR

'

Consider reversible causes
of cardiac arrest

'

Determine candidacy for
ECLS initiation if available

t v

TTM introduction

'

I ICU/CICU team leader
Il. ROSC patient assessment

MIl. Introduce tailored post-ROSC management
IV. Introduce differential diagnosis of cardiac arrest
V. Adjust the treatment plan based on the prognosis

'

UNFAVORABLE PROGNOSIS

v

Advanced age or comorbidities
Unwitnessed arrest
No-flow time > 10 min
Initial rhythm: asystole
Severe lactic acidosis
Low ETCO, (< 10 mmHg)
Unfavorable anatomy
Refractory hypoxemia
Collapse-to-ECLS > 60 min

Assess exclusion criteria for ECLS:

. Exclude non-cardiac reasons for arrest
II. Absence of significant commodities

Il. Favorable cardiac arrest setting
IV. Consider contraindications for
coronary angiography
V. Adjust treatment plan

2. Prioritize emergency coronary angiography

SAVE THE HEART

'

Prolonged no flow time
(unwitnessed arrest, no bystander CPR,
ongoing CPR, > 30 min to ROSC)
Initial rhythm: non-VF, asystole
Severe lactic acidosis
(pH < 7.2, lactate > 7)
Advance age
Comorbid conditions
Non-cardiac causes
Missing brainstem reflexes
Myoclonus of brain edema

\

Immediate coronary angiography
Post-ROSC ECG: STE
Cardiogenic shock
Recurrent cardiac arrest
Early coronary angiography
Initial rhythm VT/VF
Ischemic ECG changes
Severe LV dysfunction
Predictors of CAD/ACO

1. Prioritize neuroprotective management

SAVE THE BRAIN

No obvious extracardiac origin of cardiac arrest

No STE/LBBB on post-ROSC ECG
No-STE comatose patients

'

Stabilize patient's condition

v

Coronary

Individualize management

v

4

Delayed coronary

angiography

angiography

No coronary
angiography

Central illustration. Proposed algorithm for coronary catheterization. Based on Rab et al. [28], Jentzer et al. [42],
and Kelly et al. [43]; I. Exclude non-cardiac reasons for arrest = (acute respiratory failure, non-cardiogenic shock) by
surgical management of trauma, neurosurgical or vascular patients, and/or brain and chest computed tomography-
-scans with subsequent thrombectomy of cerebral arteries, pneumothorax dressing, etc.; ACO — acute coronary
occlusion; ALS — advanced life support; CABG — coronary artery bypass grafting; CAD — coronary artery disease;
CICU — cardiac intensive care unit; CPR — cardiopulmonary resuscitation; ECG — electrocardiography; ECLS —
extracorporal life support; ED — emergency department; ETCO, — end tidal carbon dioxide; ICU — intensive care unit;
LBBB — left bundle branch block; LV — left ventricle; OHCA — out-of-hospital cardiac arrest; PCl — percutaneous
coronary intervention; ROSC — return of spontaneous circulation; STE — ST-elevation; TTM — targeted temperature

management; VF — ventricular fibrillation; VT — ventricular tachycardia.

attention and are commonly prioritized in treatment
plan development. This includes, but is not limited
to, the treatment of reversible arrest causes (acute
respiratory failure, non-cardiogenic shock), surgical
management of trauma, neurosurgical or vascular
patients, coronary angiography and/or brain and chest

www . cardiologyjournal.org

computed tomography — scans with subsequent
thrombectomy of cerebral arteries, pneumothorax
dressing, etc. Despite delaying patient admission to
the ICU, these procedures can provide vital clinical
reserves for stabilizing and subsequently improving
a patients’ condition and future outcomes.
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man

Closing remarks

The facilitation and individualization of OHCA
agement remain a pivotal point of focus to

assert improvement of clinical outcomes. With
patients facing poor survival and requiring timely
neurological- or cardiovascular-oriented manage-
ment, there is an urgent need for data, especially
in patients without STE who could benefit from
either immediate or delayed angiography.

Con
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1036

flict of interest: None declared

References

Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the
management of acute myocardial infarction in patients present-
ing with ST-segment elevation: The Task Force for the manage-
ment of acute myocardial infarction in patients presenting with
ST-segment elevation of the European Society of Cardiology
(ESC). Eur Heart J. 2018; 39(2): 119-177, doi: 10.1093/eurheartj/
ehx393, indexed in Pubmed: 28886621.

Al-Khatib S, Stevenson W, Ackerman M, et al. 2017 AHA/ACC/
/HRS Guideline for management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death. Circula-
tion. 2018; 138(13), doi: 10.1161/cir.0000000000000549.

Collet JP, Thiele H, Barbato E, et al. 2020 ESC Guidelines for the
management of acute coronary syndromes in patients present-
ing without persistent ST-segment elevation. Eur Heart J. 2021;
42(14): 1289-1367, doi: 10.1093/eurheartj/ehaa575, indexed in
Pubmed: 32860058.

Nolan JP, Sandroni C, Bottiger BW, et al. European Resuscita-
tion Council and European Society of Intensive Care Medicine
Guidelines 2021: Post-resuscitation care. Resuscitation. 2021;
161: 220-269, doi: 10.1016/j.resuscitation.2021.02.012, indexed
in Pubmed: 33773827.

Lawton ]S, Tamis-Holland JE, Bangalore S, et al. 2021 ACC/
/AHA/SCAI Guideline for Coronary Artery Revasculariza-
tion: A Report of the American College of Cardiology/Amer-
ican Heart Association Joint Committee on Clinical Practice
Guidelines. Circulation. 2022; 145(3): e18—-elell4, doi: 10.1161/
CIR.0000000000001038, indexed in Pubmed: 34832435.
Zeppenfeld K, Tfelt-Hansen J, de Riva M, et al. 2022 ESC Guide-
lines for the management of patients with ventricular arrhythmi-
as and the prevention of sudden cardiac death. Eur Heart J. 2022;
43(40): 3997-4126, doi: 10.1093/eurheartj/ehac262, indexed in
Pubmed: 36017572.

Wilson M, Grossestreuer AV, Gaieski DE et al. Incidence of
coronary intervention in cardiac arrest survivors with non-
-shockable initial rhythms and no evidence of ST-elevation MI
(STEMI). Resuscitation. 2017; 113: 83-86, doi: 10.1016/j.resus-
citation.2016.10.025, indexed in Pubmed: 27888672.
Hauw-Berlemont C, Lamhaut L, Diehl JL, et al. Emergency
vs delayed coronary angiogram in survivors of out-of-hospital
cardiac arrest: results of the randomized, multicentric EMERGE
trial. JAMA Cardiol. 2022; 7(7): 700-707, doi: 10.1001/jamacar-
dio.2022.1416, indexed in Pubmed: 35675081.

Myerburg RJ. Sudden cardiac death: exploring the limits of our
knowledge. ] Cardiovasc Electrophysiol. 2001; 12(3): 369-381, doi:
10.1046/5.1540-8167.2001.00369.%, indexed in Pubmed: 11291815.
Myerburg R]J, Goldberger JJ. Sudden cardiac arrest risk assess-
ment: population science and the individual risk mandate. JAMA
Cardiol. 2017; 2(6): 689-694, doi: 10.1001/jamacardio.2017.0266,
indexed in Pubmed: 28329250.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hookana E, Junttila MJ, Puurunen VP, et al. Causes of nonis-
chemic sudden cardiac death in the current era. Heart Rhythm.
2011; 8(10): 1570-1575, doi: 10.1016/j.hrthm.2011.06.031, in-
dexed in Pubmed: 21740887.

Nadolny K, Zysko D, Obremska M, et al. Analysis of out-of-
hospital cardiac arrest in Poland in a 1-year period: data from
the POL-OHCA registry. Kardiol Pol. 2020; 78(5): 404-411, doi:
10.33963/KP.15241, indexed in Pubmed: 32191020.

Mozaffarian D, Benjamin E, Go A, et al. Heart disease and stroke
statistics — 2016 update. Circulation. 2016; 133(4), doi: 10.1161/
¢ir.0000000000000350.

Jabbari R, Risgaard B, Fosbgl EL, et al. Factors associated with
and outcomes after ventricular fibrillation before and during
primary angioplasty in patients with ST-segment elevation my-
ocardial infarction. Am J Cardiol. 2015; 116(5): 678-685, doi:
10.1016/j.amjcard.2015.05.037, indexed in Pubmed: 26150175.
Incidence and Risk Factors of Ventricular Fibrillation Before Prima-
ry Angioplasty in Patients With First ST-Elevation Myocardial In-
farction: A Nationwide Study in Denmark. ] Am Heart Assoc. 2015;
4(7), doi: 10.1161/JAHA.115.000738, indexed in Pubmed: 26178403.
Dumas F, Cariou A, Manzo-Silberman S, et al. Inmediate percu-
taneous coronary intervention is associated with better survival
after out-of-hospital cardiac arrest: insights from the PROCAT
(Parisian Region Out of hospital Cardiac ArresT) registry. Circ
Cardiovasc Interv. 2010; 3(3): 200-207, doi: 10.1161/CIRCIN-
TERVENTIONS.109.913665, indexed in Pubmed: 20484098.
Zanuttini D, Armellini I, Nucifora G, et al. Predictive value
of electrocardiogram in diagnosing acute coronary artery le-
sions among patients with out-of-hospital-cardiac-arrest. Re-
suscitation. 2013; 84(9): 1250-1254, doi: 10.1016/j.resuscita-
tion.2013.04.023, indexed in Pubmed: 23643780.

Hochman JS, Sleeper LA, Webb JG, et al. Early revascularization
in acute myocardial infarction complicated by cardiogenic shock.
SHOCK Investigators. Should We Emergently Revascularize
Occluded Coronaries for Cardiogenic Shock. N Engl ] Med. 1999;
341(9): 625-634, doi: 10.1056/NEJM199908263410901, indexed
in Pubmed: 10460813.

Patel N, Patel NJ, Macon CJ, et al. Trends and outcomes of
coronary angiography and percutaneous coronary intervention
after out-of-hospital cardiac arrest associated with ventricular
fibrillation or pulseless ventricular tachycardia. JAMA Cardiol.
2016; 1(8): 890-899, doi: 10.1001/jamacardio.2016.2860, indexed
in Pubmed: 27627616.

Jobs A, Mehta SR, Montalescot G, et al. Optimal timing of an in-
vasive strategy in patients with non-ST-elevation acute coronary
syndrome: a meta-analysis of randomised trials. Lancet. 2017;
390(10096): 737-746, doi: 10.1016/S0140-6736(17)31490-3, in-
dexed in Pubmed: 28778541.

Hollenbeck RD, McPherson JA, Mooney MR, et al. Early cardiac
catheterization is associated with improved survival in comatose
survivors of cardiac arrest without STEMI. Resuscitation. 2014;
85(1): 88-95, doi: 10.1016/j.resuscitation.2013.07.027, indexed
in Pubmed: 23927955.

Elfwén L, Lagedal R, James S, et al. Coronary angiography in
out-of-hospital cardiac arrest without ST elevation on ECG-
-short- and long-term survival. Am Heart J. 2018; 200: 90-95,
doi: 10.1016/;.ah;j.2018.03.009, indexed in Pubmed: 29898854.
Welsford M, Bossard M, Shortt C, et al. Does early coronary
angiography improve survival after out-of-hospital cardiac ar-
rest? A systematic review with meta-analysis. Can J Cardiol.
2018; 34(2): 180-194, doi: 10.1016/j.cjca.2017.09.012, indexed
in Pubmed: 29275998.

Simiera M, Miskowiec D, Mrozowska-Peruga E, et al. Improved
outcomes in survivors of cardiac arrest qualified for early coro-
nary angiography: A single tertiary center study. Kardiol Pol.
2022; 80(11): 1112-1118, doi: 10.33963/KP.a2022.0187, indexed
in Pubmed: 35938908.

www.cardiologyjournal.org


http://dx.doi.org/10.1093/eurheartj/ehx393
http://dx.doi.org/10.1093/eurheartj/ehx393
https://www.ncbi.nlm.nih.gov/pubmed/28886621
http://dx.doi.org/10.1161/cir.0000000000000549
http://dx.doi.org/10.1093/eurheartj/ehaa575
https://www.ncbi.nlm.nih.gov/pubmed/32860058
http://dx.doi.org/10.1016/j.resuscitation.2021.02.012
https://www.ncbi.nlm.nih.gov/pubmed/33773827
http://dx.doi.org/10.1161/CIR.0000000000001038
http://dx.doi.org/10.1161/CIR.0000000000001038
https://www.ncbi.nlm.nih.gov/pubmed/34882435
http://dx.doi.org/10.1093/eurheartj/ehac262
https://www.ncbi.nlm.nih.gov/pubmed/36017572
http://dx.doi.org/10.1016/j.resuscitation.2016.10.025
http://dx.doi.org/10.1016/j.resuscitation.2016.10.025
https://www.ncbi.nlm.nih.gov/pubmed/27888672
http://dx.doi.org/10.1001/jamacardio.2022.1416
http://dx.doi.org/10.1001/jamacardio.2022.1416
https://www.ncbi.nlm.nih.gov/pubmed/35675081
http://dx.doi.org/10.1046/j.1540-8167.2001.00369.x
https://www.ncbi.nlm.nih.gov/pubmed/11291815
http://dx.doi.org/10.1001/jamacardio.2017.0266
https://www.ncbi.nlm.nih.gov/pubmed/28329250
http://dx.doi.org/10.1016/j.hrthm.2011.06.031
https://www.ncbi.nlm.nih.gov/pubmed/21740887
http://dx.doi.org/10.33963/KP.15241
https://www.ncbi.nlm.nih.gov/pubmed/32191020
http://dx.doi.org/10.1161/cir.0000000000000350
http://dx.doi.org/10.1161/cir.0000000000000350
http://dx.doi.org/10.1016/j.amjcard.2015.05.037
https://www.ncbi.nlm.nih.gov/pubmed/26150175
http://dx.doi.org/10.1161/JAHA.115.000738
https://www.ncbi.nlm.nih.gov/pubmed/26178403
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.109.913665
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.109.913665
https://www.ncbi.nlm.nih.gov/pubmed/20484098
http://dx.doi.org/10.1016/j.resuscitation.2013.04.023
http://dx.doi.org/10.1016/j.resuscitation.2013.04.023
https://www.ncbi.nlm.nih.gov/pubmed/23643780
http://dx.doi.org/10.1056/NEJM199908263410901
https://www.ncbi.nlm.nih.gov/pubmed/10460813
http://dx.doi.org/10.1001/jamacardio.2016.2860
https://www.ncbi.nlm.nih.gov/pubmed/27627616
http://dx.doi.org/10.1016/S0140-6736(17)31490-3
https://www.ncbi.nlm.nih.gov/pubmed/28778541
http://dx.doi.org/10.1016/j.resuscitation.2013.07.027
https://www.ncbi.nlm.nih.gov/pubmed/23927955
http://dx.doi.org/10.1016/j.ahj.2018.03.009
https://www.ncbi.nlm.nih.gov/pubmed/29898854
http://dx.doi.org/10.1016/j.cjca.2017.09.012
https://www.ncbi.nlm.nih.gov/pubmed/29275998
http://dx.doi.org/10.33963/KP.a2022.0187
https://www.ncbi.nlm.nih.gov/pubmed/35938908

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Wojciech Wanha et al., Coronary angiography in OHCA patients

Desch S, Freund A, Akin I, et al. Angiography after out-of-
hospital cardiac arrest without ST-segment elevation. N Engl
J Med. 2021; 385(27): 2544-2553, doi: 10.1056/NEJMo0a2101909,
indexed in Pubmed: 34459570.

Verma BR, Sharma V, Shekhar S, et al. Coronary angiography
in patients with out-of-hospital cardiac arrest without ST-seg-
ment elevation: a systematic review and meta-analysis. JACC
Cardiovasc Interv. 2020; 13(19): 2193-2205, doi: 10.1016/.
jcin.2020.07.018, indexed in Pubmed: 33032706.

Lemkes JS, Janssens GN, van der Hoeven NW, et al. Coronary
angiography after cardiac arrest without ST-segment elevation.
N Engl ] Med. 2019; 380(15): 1397-1407, doi: 10.1056/NE]J-
Moal816897, indexed in Pubmed: 30883057.

Rab T, Kern KB, Tamis-Holland JE, et al. Cardiac arrest: a treat-
ment algorithm for emergent invasive cardiac procedures in
the resuscitated comatose patient. ] Am Coll Cardiol. 2015;
66(1): 6273, doi: 10.1016/j.jacc.2015.05.009, indexed in Pub-
med: 26139060.

Champigneulle B, Haruel PA, Pirracchio R, et al. Major trau-
matic complications after out-of-hospital cardiac arrest: Insights
from the Parisian registry. Resuscitation. 2018; 128: 70-75,
doi: 10.1016/j.resuscitation.2018.04.022, indexed in Pubmed:
29698751.

Hirlekar G, Jonsson M, Karlsson T, et al. Comorbidity and sur-
vival in out-of-hospital cardiac arrest. Resuscitation. 2018; 133:
118-123, doi: 10.1016/j.resuscitation.2018.10.006, indexed in
Pubmed: 30315837.

Gregory T, Smith M. Cardiovascular complications of brain inju-
ry. Cont Edu Anaesthesia Critical Care Pain. 2012; 12(2): 67-71,
doi: 10.1093/bjaceaccp/mkr058.

Jachuck SJ, Ramani PS, Clark F et al. Electrocardiographic ab-
normalities associated with raised intracranial pressure. Br Med
J. 1975; 1(5952): 242-244, doi: 10.1136/bmj.1.5952.242, indexed
in Pubmed: 1111762.

Peberdy MA, Donnino MW, Callaway CW, et al. Impact of percu-
taneous coronary intervention performance reporting on cardiac
resuscitation centers: a scientific statement from the Ameri-
can Heart Association. Circulation. 2013; 128(7): 762-773, doi:
10.1161/CIR.0b013e3182al5cd2, indexed in Pubmed: 23857321.
Patterson T, Perkins A, Perkins GD, et al. Rationale and design
of: A Randomized tRial of Expedited transfer to a cardiac ar-
rest center for non-ST elevation out-of-hospital cardiac arrest:
The ARREST randomized controlled trial. Am Heart J. 2018;
204: 92-101, doi: 10.1016/j.ahj.2018.06.016, indexed in Pubmed:
30092413.

Lemkes JS, Janssens GN, van der Hoeven NW, et al. Coronary
angiography after cardiac arrest without ST segment elevation:
one-year outcomes of the COACT randomized clinical trial.
JAMA Cardiol. 2020; 5(12): 1358-1365, doi: 10.1001/jamacar-
di0.2020.3670, indexed in Pubmed: 32876654.

Kern KB, Radsel P, Jentzer JC, et al. Randomized pilot clinical trial
of early coronary angiography versus no early coronary angiogra-
phy after cardiac arrest without ST-segment elevation: the PEARL
study. Circulation. 2020; 142(21): 2002-2012, doi: 10.1161/CIRCU-
LATIONAHA.120.049569, indexed in Pubmed: 32985249.

www . cardiologyjournal.org

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Dumas E Bougouin W, Geri G, et al. Emergency percutaneous
coronary intervention in post-cardiac arrest patients without
ST-segment elevation pattern: insights from the PROCAT II
Registry. JACC Cardiovasc Interv. 2016; 9(10): 1011-1018, doi:
10.1016/j.jcin.2016.02.001, indexed in Pubmed: 27131438.
Laver S, Farrow C, Turner D, et al. Mode of death after admis-
sion to an intensive care unit following cardiac arrest. Intensive
Care Med. 2004; 30(11): 2126-2128, doi: 10.1007/s00134-004-
2425-z, indexed in Pubmed: 15365608.

Hazinski ME Nolan JP, Billi JE, et al. Part 1: Executive summary:
2010 International Consensus on Cardiopulmonary Resuscita-
tion and Emergency Cardiovascular Care Science With Treat-
ment Recommendations. Circulation. 2010; 122(16 Suppl 2):
S250-S275, doi: 10.1161/CIRCULATIONAHA.110.970897, in-
dexed in Pubmed: 20956249.

Sip M, Puslecki M, Kiosiewicz T, et al. A concept for the
development of a pioneer regional Out-of-Hospital Cardiac Ar-
rest Program to improve patient outcomes. Kardiol Pol. 2020;
78(9): 875-881, doi: 10.33963/KP.15433, indexed in Pubmed:
32550730.

Bielski K, Smereka J, Chmielewski J, et al. Meta-analysis of
chest compression-only versus conventional cardiopulmonary
resuscitation by bystanders for adult with out-of-hospital car-
diac arrest. Cardiol J. 2021 [Epub ahead of print], doi: 10.5603/
CJ.a2021.0115, indexed in Pubmed: 34622436.

Jentzer JC, Herrmann J, Prasad A, et al. Utility and challenges of
an early invasive strategy in patients resuscitated from out-of-hos-
pital cardiac arrest. JACC Cardiovasc Interv. 2019; 12(8): 697-708,
doi: 10.1016/j.jcin.2019.01.245, indexed in Pubmed: 31000007.
Kelly EM, Pinto DS. Invasive management of out of hospital
cardiac arrest. Circ Cardiovasc Interv. 2019; 12(9): 006071,
doi: 10.1161/CIRCINTERVENTIONS.118.006071, indexed in
Pubmed: 31510774.

Gorjup V, Radsel P, Kocjancic ST, et al. Acute ST-elevation myo-
cardial infarction after successful cardiopulmonary resuscitation.
Resuscitation. 2007; 72(3): 379-385, doi: 10.1016/j.resuscita-
tion.2006.07.013, indexed in Pubmed: 17161902.

Grand ], Hassager C, Kjaergaard J. Who should manage comatose
post-cardiac arrest patients? Kardiol Pol. 2020; 78(1): 4-5, doi:
10.33963/KP.15154, indexed in Pubmed: 31976929.

Nielsen N, Wetterslev J, Cronberg T, et al. Targeted temperature
management at 33°C versus 36°C after cardiac arrest. N Engl
JMed. 2013; 369(23): 2197-2206, doi: 10.1056/NEJMo0a1310519,
indexed in Pubmed: 24237006.

Kowalik R]J, Fojt A, Ozieranski K, et al. Results of targeted
temperature management of patients after sudden outofthospital
cardiac arrest: a comparison between intensive general and car-
diac care units. Kardiol Pol. 2020; 78(1): 30-36, doi: 10.33963/
KP15061, indexed in Pubmed: 31736476.

Sielski J, Kazirod-Wolski K, Siudak Z. Out-of-hospital cardiac
arrest: data from the National Registry of Invasive Cardiology
Procedures (ORPKI) in a long-term survival analysis of patients
with acute coronary syndromes in a Polish region. Kardiol Pol.
2020; 78(5): 412-419, doi: 10.33963/KP.15244, indexed in Pub-
med: 32207699.

1037


http://dx.doi.org/10.1056/NEJMoa2101909
https://www.ncbi.nlm.nih.gov/pubmed/34459570
http://dx.doi.org/10.1016/j.jcin.2020.07.018
http://dx.doi.org/10.1016/j.jcin.2020.07.018
https://www.ncbi.nlm.nih.gov/pubmed/33032706
http://dx.doi.org/10.1056/NEJMoa1816897
http://dx.doi.org/10.1056/NEJMoa1816897
https://www.ncbi.nlm.nih.gov/pubmed/30883057
http://dx.doi.org/10.1016/j.jacc.2015.05.009
https://www.ncbi.nlm.nih.gov/pubmed/26139060
http://dx.doi.org/10.1016/j.resuscitation.2018.04.022
https://www.ncbi.nlm.nih.gov/pubmed/29698751
http://dx.doi.org/10.1016/j.resuscitation.2018.10.006
https://www.ncbi.nlm.nih.gov/pubmed/30315837
http://dx.doi.org/10.1093/bjaceaccp/mkr058
http://dx.doi.org/10.1136/bmj.1.5952.242
https://www.ncbi.nlm.nih.gov/pubmed/1111762
http://dx.doi.org/10.1161/CIR.0b013e3182a15cd2
https://www.ncbi.nlm.nih.gov/pubmed/23857321
http://dx.doi.org/10.1016/j.ahj.2018.06.016
https://www.ncbi.nlm.nih.gov/pubmed/30092413
http://dx.doi.org/10.1001/jamacardio.2020.3670
http://dx.doi.org/10.1001/jamacardio.2020.3670
https://www.ncbi.nlm.nih.gov/pubmed/32876654
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.049569
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.049569
https://www.ncbi.nlm.nih.gov/pubmed/32985249
http://dx.doi.org/10.1016/j.jcin.2016.02.001
https://www.ncbi.nlm.nih.gov/pubmed/27131438
http://dx.doi.org/10.1007/s00134-004-2425-z
http://dx.doi.org/10.1007/s00134-004-2425-z
https://www.ncbi.nlm.nih.gov/pubmed/15365608
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.970897
https://www.ncbi.nlm.nih.gov/pubmed/20956249
http://dx.doi.org/10.33963/KP.15433
https://www.ncbi.nlm.nih.gov/pubmed/32550730
http://dx.doi.org/10.5603/CJ.a2021.0115
http://dx.doi.org/10.5603/CJ.a2021.0115
https://www.ncbi.nlm.nih.gov/pubmed/34622436
http://dx.doi.org/10.1016/j.jcin.2019.01.245
https://www.ncbi.nlm.nih.gov/pubmed/31000007
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.118.006071
https://www.ncbi.nlm.nih.gov/pubmed/31510774
http://dx.doi.org/10.1016/j.resuscitation.2006.07.013
http://dx.doi.org/10.1016/j.resuscitation.2006.07.013
https://www.ncbi.nlm.nih.gov/pubmed/17161902
http://dx.doi.org/10.33963/KP.15154
https://www.ncbi.nlm.nih.gov/pubmed/31976929
http://dx.doi.org/10.1056/NEJMoa1310519
https://www.ncbi.nlm.nih.gov/pubmed/24237006
http://dx.doi.org/10.33963/KP.15061
http://dx.doi.org/10.33963/KP.15061
https://www.ncbi.nlm.nih.gov/pubmed/31736476
http://dx.doi.org/10.33963/KP.15244
https://www.ncbi.nlm.nih.gov/pubmed/32207699

