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Abstract: The morbidity and mortality of out-of-hospital cardiac arrest (OHCA) due to presumed
cardiac causes have remained unwaveringly high over the last few decades. Less than 10% of patients
survive until hospital discharge. Treatment of OHCA patients has traditionally relied on expert
opinions. However, there is growing evidence on managing OHCA patients favorably during the
prehospital phase, coronary and intensive care, and even beyond hospital discharge. To improve
outcomes in OHCA, experts have proposed the establishment of cardiac arrest centers (CACs) as
pivotal elements. CACs are expert facilities that pool resources and staff, provide infrastructure,
treatment pathways, and networks to deliver comprehensive and guideline-recommended post-
cardiac arrest care, as well as promote research. This review aims to address knowledge gaps in
the 2020 consensus on CACs of major European medical associations, considering novel evidence
on critical issues in both pre- and in-hospital OHCA management, such as the timing of coronary
angiography and the use of extracorporeal cardiopulmonary resuscitation (eCPR). The goal is to
harmonize new evidence with the concept of CACs.
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1. Introduction

Out-of-hospital cardiac arrest (OHCA) is a leading cause of death and an enormous
burden on society and healthcare systems. The global average incidence of OHCA is
55 per 100,000 person-years, with an average survival rate of approximately 7% to hos-
pital discharge [1]. While survival rates vary in different regions, with slightly better
survival rates in Europe and North America, an improvement in survival rates in OHCA
patients who received cardiopulmonary resuscitation (CPR) has been observed over the
last 40 years [1,2].

Given the poor prognosis, the development of cardiac arrest centers (CACs) has
recently been proposed as preferred treatment facilities for all OHCA patients (of presumed
cardiac cause), providing comprehensive and high-quality post-resuscitation care [3]. These
high-volume facilities (treating preferably at least 40 OHCA patients per year) include an
on-site coronary angiography laboratory with 24/7 availability, an emergency department,
an intensive care unit, imaging facilities, and a protocol outlining the transfer of selected
patients to “OHCA hub hospitals” with additional resources [3].

Substantial efforts have been undertaken to encourage bystander CPR in the pre-
hospital stage of OHCA management, which improves outcomes [4–6] and is performed in
an increasing number of OHCA cases [3,7]. The same applies to public access defibrillator
use in shockable rhythms [8]. Major regional differences in the organization of emergency
medical services (EMS), which are organized differently throughout Europe, account for
the heterogeneity of pre-clinical OHCA management. Early contact with the receiving
CAC within an established protocol is essential to ensuring adequate preparation of staff
and facilities.
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OHCA is most often caused by coronary artery disease (CAD) [9], so the in-hospital
management of OHCA patients after return of spontaneous circulation (ROSC) largely
corresponds to the management of acute coronary syndrome (ACS) with or without car-
diogenic shock. Treatment decisions evolve around the issues of (a) the timing of invasive
coronary angiography (immediate or delayed), dependent on the presence or absence of
chest pain before OHCA-onset and ST-segment elevations in the ECG after ROSC, and
(b) the extent of percutaneous coronary intervention (PCI, culprit-only or multi-vessel).
Patients without ROSC or in cardiogenic shock may be considered candidates for extra-
corporeal cardiopulmonary resuscitation (eCPR) or mechanical circulatory support (MCS).
Comprehensive intensive care management of post-cardiac arrest syndrome with mul-
tiple organ failure may further comprise hemodynamic and ventilatory support, renal
replacement therapy, and targeted temperature management (TTM). Early neurological
prognostication is necessary to identify patients with poor neurologic outcomes due to
hypoxic-ischemic cerebral injury to adjust goals of care, initiate organ-preserving intensive
care in possible organ donors, and provide adequate rehabilitation care in patients with a
presumably good neurological prognosis.

This narrative review aims to present and discuss new evidence on these cornerstones
of pre- and in-hospital management of OHCA, and to explore their potential impact on the
CAC strategy.

2. Methods

In May 2024, we conducted a systematic literature search in the MEDLINE database
for clinical trials, meta-analyses, reviews, and systematic reviews using the following search
terms: “out-of-hospital cardiac arrest (or OHCA)”, “cardiac arrest”, “sudden cardiac death”,
“extracorporeal CPR (or eCPR)”, “post-cardiac arrest care”, “post-resuscitation care”, “car-
diac arrest center” and “cardiac arrest registry”. As our search yielded a vast number of
publications that might potentially bear implications for future OHCA management, the
focus of this narrative review was placed on high-quality evidence (randomized controlled
trials, meta-reviews, and systematic reviews) that had been published in the last 4 years.
The publications considered relevant will be presented and discussed in the following order,
chronologically structured by the sequence of OHCA treatment: pre-hospital care, coronary
care, MCS and eCPR, post-cardiac arrest care (with separate sections dedicated to targeted
temperature management (TTM) and neuroprognostication and risk assessment tools),
rehabilitation and post-discharge care, and management in CACs. We added references to
the guideline recommendations of major medical societies, if available.

3. Pre-Hospital Care

The beneficial effects of lay CPR (6) and timely use of an AED by members of the
public [8] on survival and neurologic prognosis in OHCA are well established. However, de-
spite considerable efforts in public education, awareness campaigns, and training programs,
obvious barriers to public intervention in the case of an OHCA remain, such as a simple
lack of knowledge or difficulty in locating a public access AED [10]. A smartphone-based
trial for dispatching volunteer responders to collect AEDs close to an OHCA site did not
lead to an increase in volunteer AED utilization [11]. However, the deployment of trained
volunteers as first responders (“super lay-rescuers”) is a promising concept to extend AED
use, at least in rural areas, reduce time to defibrillation in shockable rhythms, and thus
improve survival [12–14]. Recent studies suggest that delivering AEDs to suspected OHCA
cases via drones is feasible and may provide a critical time advantage compared to EMS
arrival, but the impact of regulatory factors, geographical constraints, weather conditions,
and cost-effectiveness need to be further investigated in the future [15–17].

4. Coronary Care

The benefit of immediate angiography and revascularization of the culprit coronary
lesion in conscious OHCA patients with an initial shockable rhythm and ST-segment eleva-
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tion in the 12-lead ECG after ROSC is undisputed [18–21]. Immediate reperfusion therapy,
preferably via primary PCI, is and has been the standard of care in STEMI for more than
three decades [18,20,22]. There are, however, no randomized controlled trials in support of
immediate angiography in comatose OHCA patients with ST elevation in the post-ROSC
ECG as of now, so clinical presentation and findings and suspected neurological prognosis
should also be taken into consideration in these patients [19,23].

While an initial shockable rhythm in OHCA is a well-recognized marker of a more
favorable prognosis [24], the prognostic impact of rhythm changes has recently been
studied in several retrospective registries [25–27]. Conversion from an initial non-shockable
to a shockable rhythm may be associated with a better neurologic outcome than non-
shockable rhythms without changes, but the initial rhythm remains the best prognostic
marker [25–27].

Determining whether and when to activate the coronary catheter laboratory in the
absence of ST elevation post-OHCA is challenging. In this setting, an occluded culprit vessel
may be present in about 23% of patients [21], but current noninvasive tests still lack the
sensitivity to unequivocally identify ongoing coronary ischemia [19]. However, advanced
imaging techniques such as the resting LV-GLS (left ventricular global longitudinal strain)
in transthoracic echocardiography can predict the presence and severity of CAD [28], and
transesophageal echocardiography during resuscitation and after ROSC may provide a
more detailed characterization of cardiac activity [29,30]. These techniques may help guide
post-OHCA management but have yet to be validated on a larger scale in OHCA.

The role of early vs. delayed coronary angiography and revascularization in OHCA
patients without ST-segment elevation after ROSC (but initial shockable rhythm and thus
suspected cardiac origin) has recently been studied in three randomized controlled trials:
the COACT [31] trial of 2019, the TOMAHAWK trial [32] of 2021, and the EMERGE [33]
trial of 2022. All trials were unable to demonstrate a benefit of immediate compared to
delayed angiography concerning both short-term [31,34], 180-day [33], and/or 1-year over-
all mortality and clinical outcomes, particularly neurological impairment [32,33,35]. A
recent meta-analysis of 11 trials conducted from 2012 to 2019 regarding this issue (includ-
ing COACT) similarly concluded that early coronary angiography in OHCA without ST
elevation has no impact on 30-day mortality, neurological status, or rate of PCI compared
to non-early coronary angiography [36].

Most OHCA patients suffer from multivessel coronary artery disease, and those
presenting with STEMI have been shown to have more severe CAD than STEMI patients
without OHCA [37]. This raises the question of whether a culprit-only PCI strategy should
be preferred to complete revascularization (also of non-culprit coronary artery stenoses).
The MULTISTARS-AMI trial found immediate multivessel PCI to be non-inferior to staged
multivessel PCI (with respect to a composite endpoint including all-cause mortality) in
STEMI patients. However, the trial did not investigate an OHCA collective (only 3.8%
of the included patients were resuscitated before randomization) [38]. In a collective of
706 patients with cardiogenic shock due to acute myocardial infarction (AMI-CS) with
multivessel CAD, more than half of whom (52%) were resuscitated before randomization, a
lower incidence of death or severe renal failure at day 30 was achieved by a culprit-only
strategy, but 1-year mortality did not differ [39,40]. Despite the scarcity of randomized
controlled trials, single-stage multivessel PCI may offer no substantial benefits over the
culprit-only strategy in AMI-CS [41].

5. MCS and eCPR

Due to the poor prognosis of OHCA and cardiogenic shock, attempts at re-establishing
circulation have recently taken on prominence. Besides limited evidence from random-
ized controlled trials, mechanical circulatory support (MCS) in cardiogenic shock, mostly
using venoarterial extracorporeal membrane oxygenation (VA-ECMO), a percutaneous
transvalvular microaxial flow pump (Impella, Abiomed, Danvers, MA, USA), or both (as the
“ECMELLA” concept of VA-ECMO therapy with Impella-based LV unloading), has substan-
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tially increased in the last decade [42–44]. While VA-ECMO therapy is accessible in most
European countries, there are major spatial disparities as well as persisting uncertainties
regarding optimal patient selection, timing, location, and method of implantation [43,45].

In the recent randomized controlled ECLS-SHOCK trial and a subsequent individual
patient-based meta-analysis of 4 randomized clinical trials, early routine use of VA-ECMO in
AMI-CS did not improve all-cause mortality at day 30 compared to medical therapy [46,47].
Instead, ECMO therapy caused more bleeding and vascular events [46,47]. ECLS-SHOCK
included a higher proportion of resuscitated patients (78% in either study group) than pre-
vious trials [39,43,46]. The data, however, suggest that the volume of VA-ECMO procedures
may impact outcomes [48], underlining the CAC strategy. Early active LV unloading may
also be crucial [49] and is currently being studied in ongoing randomized trials [50,51]. In
STEMI with cardiogenic shock, a recent study investigating the routine use of a microaxial
flow pump found a survival benefit after 6 months, but OHCA patients were excluded
from the study [52].

In refractory cardiac arrest, bridging with VA-ECMO to maintain organ perfusion
may enable crucial diagnostic testing and therapeutic interventions to successfully treat the
underlying etiology. This form of salvage therapy has become known as extracorporeal
CPR (eCPR) and should ideally be initiated within 60 min of OHCA onset [53]. While
observational data indicated a promising survival benefit [54,55], there is limited and
conflicting evidence from randomized controlled trials concerning the benefits of eCPR in
OHCA. A 2023 randomized controlled trial in 160 patients with refractory OHCA failed to
demonstrate a benefit of eCPR over conventional CPR concerning survival with favorable
neurologic outcomes at day 30 [56]. The Prague-OHCA randomized trial came to a similar
conclusion (at day 180), comparing eCPR in combination with further interventions such as
intra-arrest transport and immediate invasive assessment to regular advanced cardiac life
support (ACLS) [57]. The 2020 ARREST trial comparing eCPR to standard ACLS treatment
in OHCA patients with refractory ventricular fibrillation showed a significant improvement
in survival to hospital discharge in the eCPR group and was stopped prematurely after the
inclusion of 30 patients (15 in each study group).

Given the conflicting evidence, a recent meta-analysis concludes that data encourages
eCPR provision in carefully selected patients, preferably in well-organized high-volume
centers with highly trained and coordinated staff, but the benefits of eCPR in in-hospital
cardiac arrest (IHCA) may exceed those in OHCA [42].

6. Post-Cardiac Arrest Care

Following cardiac arrest, post-resuscitation syndrome with multi-organ failure requires
complex, evidence-based, and systematic intensive care to improve survival, promote re-
covery, and prevent secondary brain injury. Multi-disciplinary management at the Cardiac
Intensive Care Unit comprises hemodynamic and ventilatory management, neurologic
support including targeted temperature management (TTM) and neuroprognostication
(both with more robust evidence, which will be addressed separately in the following
sections), and other supportive measures [58]. Despite a lack of high-quality studies and
randomized controlled clinical trials, the 2021 post-resuscitation care guidelines of the Eu-
ropean Resuscitation Council (ERC) and the European Society of Intensive Care Medicine
(ESICM) [59] and the 2024 Scientific Statement from the American Heart Association (AHA)
and Neurocritical Care Society (NCS) [60] outline standards of care and best practice based
on the available evidence on the critical care of post-cardiac arrest patients. However, for
the management of patients after eCPR, only limited data and no established guidelines
exist as of today [42].

7. Targeted Temperature Management (TTM)

Mitigating hypoxic brain injury through induced mild hypothermia in OHCA patients
has been shown to improve survival and neurologic outcomes [61,62]. This was first
demonstrated in 2002 [62] and subsequently incorporated into international guidelines for
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post-cardiac arrest care, e.g., the 2010 AHA Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. These guidelines recommended a target temperature
of 32–34 ◦C for 12 to 24 h after ROSC in unconscious OHCA patients with shockable
rhythms [63]. However, in the last two decades, several high-quality clinical trials, including
the two landmark trials TTM of 2013 [64] and TTM-2 of 2021 [65], have failed to confirm the
benefit of TTM at this range, as compared to normothermia [66,67]. In the wake of newly
emerging evidence, the AHA guideline update of 2015 and the ERC-ESICM guidelines of
2021 in the meantime recommended TTM at a constant temperature between 32 and 36 ◦C
for at least 24 h (and avoidance of fever for at least 72 h) in comatose OHCA (or IHCA)
patients after ROSC [59,68] in the meantime, but recently adjusted these recommendations.
A 2023 scientific statement from the AHA concluded that in comatose OHCA patients
with similar clinical characteristics to the TTM-2 study population, controlling patient
temperature to <37.5 ◦C was a “reasonable and evidence-based approach” [69], while
the ERC-ESICM currently recommends “continuous monitoring of core temperature and
actively preventing fever (defined as a temperature > 37.7 ◦C)” for at least 72 h after
ROSC [70].

8. Neuroprognostication and Risk Assessment Tools

Accurate neuroprognostication in comatose OHCA survivors is fundamentally impor-
tant, particularly to identify those with a poor neurological outcome. In these patients, it
provides guidance on decision-making, especially in terms of withdrawal of life-sustaining
therapy (WLST), but also in terms of resource allocation and economics. According to
the Neurocritical Care Society Guidelines of 2023 [71], multimodal neuroprognostication
should be carried out 72 h after ROSC and rewarming after TTM. The bilateral absence of
pupillary light response and N20 response on somatosensory evoked potential testing that
reliably predicted a poor neurological outcome [71].

As neuroprognostication at this delayed time point may only be relevant for a minority
of OHCA survivors [72], several cardiac-arrest-specific scoring systems for risk stratification
at hospital admission have recently been developed: the well-validated CAHP (Cardiac Ar-
rest Hospital Prognosis) [73] and OHCA score [74], and the less complex, summation-only
TTM [75] and MIRACLE2 score [76,77]. These scores are based on different combinations
of factors associated with unfavorable neurologic outcomes after ROSC following OHCA,
such as age, non-shockable rhythm, low-flow and no-flow time, arrest location, epinephrine
use, eye reflexes or pH, and serum lactate or creatinine levels upon admission. While
all scoring systems proved accurate and reliable risk predictors in a recent analysis [78],
the simplicity of the MIRACLE2-score may facilitate its widespread implementation in
clinical practice and use within trials. However, limitations of these scoring systems must
be acknowledged, e.g., estimates of no- and low-flow time may often be inaccurate [23],
and heart rhythm changes may not sufficiently be considered despite being of prognostic
relevance [24]. Relying solely on prognostication based on clinical parameters upon admis-
sion may thus surely only insufficiently meet the complexity, heterogeneity, and dynamics
of OHCA after ROSC.

9. Rehabilitation and Post-Discharge Care

Survivors of OHCA often experience a significant reduction in their health-related
quality of life (HRQoL). Besides demographic characteristics such as older age and female
sex, anxiety, depression, and impaired neurocognitive function may contribute to this [79].
To address this, the 2021 ERC-ESICM guidelines recommend assessing physical and non-
physical impairments to determine rehabilitation needs before discharge. Additionally,
cardiac arrest survivors should receive routine follow-up care that includes screening for
cognitive or emotional problems and fatigue and provides information and support for
patients and their families [59].
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10. Management in CACs

Cardiac Arrest Centers (CACs) have been proposed as preferred treatment facilities for
all patients with OHCA of presumed cardiac etiology, as these high-volume centers provide
the resources, infrastructure, staff, and experience to provide high-quality and guideline-
recommended coronary care (including eCPR/mechanical circulatory support after careful
patient selection) as well as comprehensive post-resuscitation care in OHCA [3].

There is growing evidence, albeit almost exclusively observational (from databases
and registries), that OHCA management in a CAC and regionalization of post-cardiac
arrest care may be beneficial. Numerous retrospective studies and several large systemic
meta-reviews have demonstrated an association between treatment in a CAC and improved
survival (at discharge or day 30) and/or better neurological results [80–86]. In addition,
even long-term survival benefits [87] and improvements in functional outcomes [88] have
been reported. In contrast to that, the ARREST trial published in 2023, which is the only
randomized controlled trial to investigate the impact of CAC treatment to date, could not
establish a 30-day mortality benefit for OHCA patients being transferred to a CAC in the
absence of ST segment elevations [89]. Table 1 provides an overview of recent evidence
on CACs.

Table 1. Recent evidence on CACs.

Authors Type of
Evidence

Total n◦ of
Patients n

N◦ of Patients
Treated in CAC
vs. Non-CAC

Primary Endpoints/
Outcome Measures

% of Coronary
Angiographies

Key Outcomes
Regarding CACs

Patterson et al.,
2023 [89]

Randomized
controlled trial 862

CAC: 431 (50%)
vs. Non-CAC: 431
(50%), 411 vs. 412
included in
analysis

All-cause mortality at
30 days

CAC: 231 of 412
(56%),
non-CAC: 153 of
410 (37%)

No significant
difference,
p = 0.96 (95% CI
0.9–1.11)

Yeo et al.,
2022 [80]

Systematic
review/
meta-analysis

147.943
(36 studies) n.a.

(a) Survival to
hospital discharge or
30 days
(b) Survival to
hospital discharge or
30 days with
favorable
neurological outcome

n.a.

(a) CAC favorable,
adjusted OR 1.92
(95% CI 1.59–2.32)
(b) CAC favorable,
adjusted OR 1.85
(95% CI 1.52–2.26)

Xin Chun Goh
et al., 2022 [81]

Systematic
review/
meta-analysis

82.769
(16 studies) n.a.

(a) Survival to
hospital discharge or
30 days
(b) Neurological
outcomes at hospital
discharge or 30 days

n.a.

(a) CAC favorable,
adjusted OR 1.28
(95% CI 1.00–1.64)
(b) No significant
difference, adjusted
OR 0.96 (95% CI
0.77–1.20)

Jung et al.,
2022 [84] Observational 95.931

CAC: 23.292
(24.3%) vs.
Non-CAC: 72.639
(75.7%)

(a) Survival to
hospital discharge
(b) Good neurologic
recovery

n.a.

(a) CAC favorable,
adjusted OR 1.70
(1.60–1.80)
(b) CAC favorable,
adjusted OR 1.75
(1.63–1.89)

Vopelius-Feldt
et al., 2021 [85] Observational

10.650
(4.368 after
propensity
score
matching)

24/7 PPCI center:
5.375 (50.5%) vs.
Other hospitals:
5.275 (49.5%)
High volume
center: 5.216
(49.0%) vs. Other
hospitals: 5.434
(51.0%)

Survival to hospital
discharge n.a.

24/7 PPCI centers
favorable, adjusted
OR 1.69 (95% CI
1.28 to 2.23)
High volume
centers favorable,
adjusted OR 1.41
(95% CI 1.14 to 1.75)
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Table 1. Cont.

Authors Type of
Evidence

Total n◦ of
Patients n

N◦ of Patients
Treated in CAC
vs. Non-CAC

Primary Endpoints/
Outcome Measures

% of Coronary
Angiographies

Key Outcomes
Regarding CACs

Chien et al.,
2020 [83] Observational

6.655
(5.156 after
propensity
score
matching)

CAC: 4.039
(60.7%) vs.
Non-CAC: 2.616
(39.3%)

(a) (Association of
transport time with)
survival to hospital
discharge
(b) (Association of
transport time with)
good neurological
outcome at discharge

n.a.

(a) CAC favorable
in shockable rhythms,
adjusted OR 2.20
(95% CI 1.29–3.75)
for transport
time < 8 min
and adjusted OR
1.92 (95% CI
1.25–2.94) for
transport
time ≥ 8 min
(b) CAC favorable
in shockable rhythms,
adjusted OR 2.7
(95% CI 1.4–5.22)
for transport
time < 8 min
and adjusted OR
1.92 (95% CI
1.25–2.94) for
transport
time ≥ 8 min

May et al.,
2019 [88] Observational 3.855

High-performing
centers: 873 vs.
Low-performing
centers: 1.311

CPC (Cerebral
Performance
Category) score at
hospital discharge

Unconscious
catheterization:
High-performing
centers 451 (53%)
vs.
Low-performing
centers: 411 (32%)

Center specific risk
standardized rates
for good functional
outcome range
from 0.47 (0.37–0.58)
to 0.2 (0.12–0.26)

Yeung et al.,
2019 [86]

Systematic
review/meta-
analysis

Endpoint (a):
46.164
Endpoint (b):
30.080
(17 studies)

(a) CAC: 18.449
vs. Other
hospitals: 27.507
(b) CAC: 3.086 vs.
Other hospitals:
587

(a) Survival to 30 days
with favorable
neurological outcome
(b) Survival to
hospital discharge
with favorable
neurological outcome

n.a.

(a) No significant
difference (OR 2.92,
95% CI 0.68–12.48)
(b) CACs favorable
(OR 2.22, 95% CI
1.74–2.84)

Schober et al.,
2016 [82] Observational 2.238

High-volume
center (>100
cases/year): 378
vs. Medium- and
low-volume
centers: 483

Survival to 30 days
with favorable
neurological outcome
(CPC 1 or 2)

n.a.

High frequency
centers favorable
(OR 5.2, 95% CI
1.2–21.7, p = 0.025)

Elmer et al.,
2016 [87] Observational 987

High-volume
center: 680 vs.
Medium- and
low-volume
centers: 307

Predictors of
long-term survival

High-volume
center: 264 of 680
(39%)
vs. Medium- and
low-volume
centers: 115 of 307
(37%)

High-volume center
favorable, adjusted
HR for treatment in
medium- and
low-volume centers:
1.58 (95% CI
1.27–1.95), p < 0.001

Despite the low level of evidence, the International Liaison Committee on Resuscita-
tion (ILCOR) already in 2015 advocated for the establishment of specialist CACs [90] and
did not change their recommendation in response to this recent randomized controlled
trial, suggesting that “adult patients with nontraumatic OHCA be cared for in CACs rather
than non-CACs” in their 2023 international consensus [91]. An important landmark is
the broad and interdisciplinary consensus reached on the implementation of CACs in
2020, bringing together international cardiology societies (European Society of Cardiology
[ESC]/Association for Acute CardioVascular Care [ACVC], European Heart Rhythm Asso-
ciation [EHRA], European Association of Percutaneous Coronary Interventions [EAPCI])
and international emergency medicine/critical care societies (European Resuscitation Coun-
cil [ERC], European Society for Emergency Medicine [EUSEM] and European Society of
Intensive Care Medicine [ESICM])(3), representing the “best of both worlds”.

In Germany, certification of CACs started in late 2018, initially as a pilot project, with
the aim of building a nationwide comprehensive network of CACs to ultimately improve
prognosis in OHCA [92]. By the end of 2023, 5 years after the first audit, 114 hospitals in
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Germany (and neighboring German-speaking countries) will have been certified as CACs.
A 2023 retrospective observational study to elucidate the impact of CAC certification
in Germany on outcomes in OHCA found CAC accreditation linked to higher rates of
favorable neurological outcomes and unchanged overall survival [93,94]. In addition, a
survey among EMS staff revealed that a vast majority of first responders may take the CAC
accreditation into account in their admission decision [94,95]. Thus, the CAC accreditation
model in Germany might serve as a blueprint for similar undertakings in other countries.
However, while interdisciplinary CAC criteria in Germany are clearly defined [92,96], the
definition of CAC is not universal and may vary across Europe and worldwide. Also,
a “bypass” strategy (transporting OHCA patients exclusively to CACs) would need to
account for the resulting increase in OHCA numbers.

11. Conclusions

As the prognosis for OHCA is poor, prompt and effective treatment is crucial. Despite
a growing number of high-quality studies and randomized controlled trials, many aspects
of OHCA management, however, still lack robust evidence. This narrative review presents
and discusses recent publications on OHCA management, but it is also necessary to
contextualize and “translate” emerging evidence to national and regional particularities.
Regional differences in the infrastructure and organization of pre-clinical care/EMS, and
hospital sectors, as well as the economic limitations of different healthcare systems, can
pose significant barriers to providing and maintaining a high quality of care in OHCA.

Clinical registries such as the GCAR (German Cardiac Arrest Registry) [97] play a
crucial role in enhancing our understanding of the immediate and prolonged impacts of
OHCA, ensuring nationwide quality assurance, and refining procedures for the treatment
and ongoing care of OHCA patients.

Given the complexity of the OHCA patient, efforts must be made to ensure manage-
ment in the setting of CACs, which provide the necessary resources and expertise required
for comprehensive treatment according to the best available evidence and guideline recom-
mendations. The CAC approach improves outcomes and promotes education and further
research to continuously optimize best practices for the benefit of these most challenging
patients, even though more high-quality data from randomized controlled trials is required
to further elucidate their impact on OHCA management.

Author Contributions: Conceptualization, methodology, writing—original draft preparation, review
and editing: F.M. and C.S., supervision and project administration: C.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: F.M.: Nothing to declare; C.S. received speaker fees from Boehringer-Ingelheim.
All authors have read and agreed to the published version of the manuscript.

References
1. Berdowski, J.; Berg, R.A.; Tijssen, J.G.; Koster, R.W. Global incidences of out-of-hospital cardiac arrest and survival rates:

Systematic review of 67 prospective studies. Resuscitation 2010, 81, 1479–1487. [CrossRef] [PubMed]
2. Yan, S.; Gan, Y.; Jiang, N.; Wang, R.; Chen, Y.; Luo, Z.; Zong, Q.; Chen, S.; Lv, C. The global survival rate among adult out-of-

hospital cardiac arrest patients who received cardiopulmonary resuscitation: A systematic review and meta-analysis. Crit. Care
2020, 24, 61. [CrossRef] [PubMed]

3. Sinning, C.; Ahrens, I.; Cariou, A.; Beygui, F.; Lamhaut, L.; Halvorsen, S.; Nikolaou, N.; Nolan, J.P.; Price, S.; Monsieurs, K.;
et al. The cardiac arrest centre for the treatment of sudden cardiac arrest due to presumed cardiac cause—Aims, function and
structure: Position paper of the Association for Acute CardioVascular Care of the European Society of Cardiology (AVCV),
European Association of Percutaneous Coronary Interventions (EAPCI), European Heart Rhythm Association (EHRA), European
Resuscitation Council (ERC), European Society for Emergency Medicine (EUSEM) and European Society of Intensive Care
Medicine (ESICM). Eur. Heart J. Acute Cardiovasc. Care 2020, 9, S193–S202. [CrossRef] [PubMed]

4. Gässler, H.; Helm, M.; Hossfeld, B.; Fischer, M. Survival Following Lay Resuscitation. Dtsch. Arztebl. Int. 2020, 117, 871–877.
[CrossRef] [PubMed]

https://doi.org/10.1016/j.resuscitation.2010.08.006
https://www.ncbi.nlm.nih.gov/pubmed/20828914
https://doi.org/10.1186/s13054-020-2773-2
https://www.ncbi.nlm.nih.gov/pubmed/32087741
https://doi.org/10.1177/2048872620963492
https://www.ncbi.nlm.nih.gov/pubmed/33327761
https://doi.org/10.3238/arztebl.2020.0871
https://www.ncbi.nlm.nih.gov/pubmed/33637167


J. Clin. Med. 2024, 13, 3973 9 of 13

5. Stiell, I.; Nichol, G.; Wells, G.; De Maio, V.; Nesbitt, L.; Blackburn, J.; Spaite, D. Health-Related Quality of Life Is Better for Cardiac
Arrest Survivors Who Received Citizen Cardiopulmonary Resuscitation. Circulation 2003, 108, 1939–1944. [CrossRef] [PubMed]

6. Hasselqvist-Ax, I.; Riva, G.; Herlitz, J.; Rosenqvist, M.; Hollenberg, J.; Nordberg, P.; Ringh, M.; Jonsson, M.; Axelsson, C.;
Lindqvist, J.; et al. Early cardiopulmonary resuscitation in out-of-hospital cardiac arrest. N. Engl. J. Med. 2015, 372, 2307–2315.
[CrossRef] [PubMed]

7. Hassager, C.; Nagao, K.; Hildick-Smith, D. Out-of-hospital cardiac arrest: In-hospital intervention strategies. Lancet 2018, 391,
989–998. [CrossRef] [PubMed]

8. Baekgaard, J.S.; Viereck, S.; Møller, T.P.; Ersbøll, A.K.; Lippert, F.; Folke, F. The effects of public access defibrillation on survival
after out-of-hospital cardiac arrest: A systematic review of observational studies. Circulation 2017, 137, 954–965. [CrossRef]
[PubMed]

9. Deo, R.; Albert, C.M. Epidemiology and genetics of sudden cardiac death. Circulation 2012, 125, 620–637. [CrossRef]
10. Dew, R.; Norton, M.; Aitken-Fell, P.; Blance, P.; Miles, S.; Potts, S.; Wilkes, S. Knowledge and barriers of out of hospital cardiac

arrest bystander intervention and public access automated external defibrillator use in the Northeast of England: A cross-sectional
survey study. Intern. Emerg. Med. 2024, 1–11. [CrossRef]

11. Berglund, E.; Hollenberg, J.; Jonsson, M.; Svensson, L.; Claesson, A.; Nord, A.; Nordberg, P.; Forsberg, S.; Rosenqvist, M.;
Lundgren, P.; et al. Effect of Smartphone Dispatch of Volunteer Responders on Automated External Defibrillators and Out-of-
Hospital Cardiac Arrests: The SAMBA Randomized Clinical Trial. JAMA Cardiol. 2023, 8, 81–88. [CrossRef] [PubMed]

12. Lapidus, O.; Jonsson, M.; Svensson, L.; Hollenberg, J.; Berglund, E.; Riva, G.; Claesson, A.; Nordberg, P.; Rosenqvist, M.; Forsberg,
S.; et al. Effects of a volunteer responder system for out-of-hospital cardiac arrest in areas of different population density—A
retrospective cohort study. Resuscitation 2023, 191. [CrossRef]

13. Morin, F.; Douillet, D.; Lamhaut, L.; Fadel, M.; Savary, D. Deployment of “super lay-rescuers” equipped with AED to improve
OHCA survival: An innovative partnership between emergency medical service, city hall and a mobile application in France.
Resuscitation 2022, 176, 51–52. [CrossRef] [PubMed]

14. Morin, F.; Douillet, D.; Sokpoh, E.; Lamhaut, L.; Savary, D. One year after implementation of «super lay-rescuers» equipped with
AED to improve survival of OHCA. Resuscitation 2024, 197, 110147. [CrossRef] [PubMed]

15. Schierbeck, S.; Hollenberg, J.; Nord, A.; Svensson, L.; Nordberg, P.; Ringh, M.; Forsberg, S.; Lundgren, P.; Axelsson, C.; Claesson,
A. Automated external defibrillators delivered by drones to patients with suspected out-of-hospital cardiac arrest. Eur. Heart J.
2022, 43, 1478–1487. [CrossRef] [PubMed]

16. Liu, X.; Yuan, Q.; Wang, G.; Bian, Y.; Xu, F.; Chen, Y. Drones delivering automated external defibrillators: A new strategy to
improve the prognosis of out-of-hospital cardiac arrest. Resuscitation 2022, 182, 109669. [CrossRef] [PubMed]

17. Schierbeck, S.; Nord, A.; Svensson, L.; Ringh, M.; Nordberg, P.; Hollenberg, J.; Lundgren, P.; Folke, F.; Jonsson, M.; Forsberg, S.;
et al. Drone delivery of automated external defibrillators compared with ambulance arrival in real-life suspected out-of-hospital
cardiac arrests: A prospective observational study in Sweden. Lancet Digit. Health 2023, 5, e862–e871. [CrossRef]

18. Byrne, R.A.; Rossello, X.; Coughlan, J.J.; Barbato, E.; Berry, C.; Chieffo, A.; Claeys, M.J.; Dan, G.-A.; Dweck, M.R.; Galbraith,
M.; et al. 2023 ESC Guidelines for the management of acute coronary syndromes. Eur. Heart J. 2023, 44, 3720–3826. [CrossRef]
[PubMed]

19. Lotfi, A.; Klein, L.W.; Hira, R.S.; Mallidi, J.; Mehran, R.; Messenger, J.C.; Pinto, D.S.; Mooney, M.R.; Rab, T.; Yannopoulos, D.; et al.
SCAI expert consensus statement on out of hospital cardiac arrest. Catheter. Cardiovasc. Interv. 2020, 96, 844–861. [CrossRef]

20. O’Gara, P.T.; Kushner, F.G.; Ascheim, D.D.; Casey, D.E.; Chung, M.K.; De Lemos, J.A.; Ettinger, S.M.; Fang, J.C.; Fesmire, F.M.;
Franklin, B.A.; et al. 2013 ACCF/AHA guideline for the management of st-elevation myocardial infarction: A report of the
American college of cardiology foundation/american heart association task force on practice guidelines. J. Am. Coll. Cardiol. 2013,
61, e78–e140. [CrossRef]

21. Kern, K.B.; Lotun, K.; Patel, N.; Mooney, M.R.; Hollenbeck, R.D.; McPherson, J.A.; McMullan, P.W.; Unger, B.; Hsu, C.-H.; Seder,
D.B.; et al. Outcomes of Comatose Cardiac Arrest Survivors with and without ST-Segment Elevation Myocardial Infarction:
Importance of Coronary Angiography. JACC Cardiovasc. Interv. 2015, 8, 1031–1040. [CrossRef] [PubMed]

22. Van De Werf, F. The history of coronary reperfusion. Eur. Heart J. 2014, 35, 2510–2515. [CrossRef] [PubMed]
23. Kashef, M.A.; Kashef, M.A.; Lotfi, A.S.; Lotfi, A.S. Evidence-Based Approach to Out-of-Hospital Cardiac Arrest. Curr. Treat.

Options Cardiovasc. Med. 2021, 23, 1–14. [CrossRef] [PubMed]
24. Meaney, P.A.; Nadkarni, V.M.; Kern, K.B.; Indik, J.H.; Halperin, H.R.; Berg, R.A. Rhythms and outcomes of adult in-hospital

cardiac arrest. Crit. Care Med. 2010, 38, 101–108. [CrossRef] [PubMed]
25. Han, K.S.; Lee, S.W.; Lee, E.J.; Kwak, M.H.; Kim, S.J. Association between shockable rhythm conversion and outcomes in patients

with out-of-hospital cardiac arrest and initial non-shockable rhythm, according to the cause of cardiac arrest. Resuscitation 2019,
142, 144–152. [CrossRef] [PubMed]

26. Kim, J.G.; Shin, H.; Cho, J.H.; Choi, H.Y.; Kim, W.; Kim, J.; Moon, S.; Ahn, C.; Lee, J.; Cho, Y.; et al. Prognostic value of
changes in the cardiac arrest rhythms from the prehospital stage to the emergency department in out-of-hospital cardiac arrest
patients without prehospital returns of spontaneous circulation: A nationwide observational study. PLoS ONE 2021, 16, e0257883.
[CrossRef]

https://doi.org/10.1161/01.CIR.0000095028.95929.B0
https://www.ncbi.nlm.nih.gov/pubmed/14530198
https://doi.org/10.1056/NEJMoa1405796
https://www.ncbi.nlm.nih.gov/pubmed/26061835
https://doi.org/10.1016/S0140-6736(18)30315-5
https://www.ncbi.nlm.nih.gov/pubmed/29536863
https://doi.org/10.1161/CIRCULATIONAHA.117.029067
https://www.ncbi.nlm.nih.gov/pubmed/28687709
https://doi.org/10.1161/CIRCULATIONAHA.111.023838
https://doi.org/10.1007/s11739-024-03549-z
https://doi.org/10.1001/jamacardio.2022.4362
https://www.ncbi.nlm.nih.gov/pubmed/36449309
https://doi.org/10.1016/j.resuscitation.2023.109921
https://doi.org/10.1016/j.resuscitation.2022.05.007
https://www.ncbi.nlm.nih.gov/pubmed/35595198
https://doi.org/10.1016/j.resuscitation.2024.110147
https://www.ncbi.nlm.nih.gov/pubmed/38368922
https://doi.org/10.1093/eurheartj/ehab498
https://www.ncbi.nlm.nih.gov/pubmed/34438449
https://doi.org/10.1016/j.resuscitation.2022.12.007
https://www.ncbi.nlm.nih.gov/pubmed/36535307
https://doi.org/10.1016/S2589-7500(23)00161-9
https://doi.org/10.1093/eurheartj/ehad191
https://www.ncbi.nlm.nih.gov/pubmed/37622654
https://doi.org/10.1002/ccd.28990
https://doi.org/10.1016/j.jacc.2012.11.019
https://doi.org/10.1016/j.jcin.2015.02.021
https://www.ncbi.nlm.nih.gov/pubmed/26117462
https://doi.org/10.1093/eurheartj/ehu268
https://www.ncbi.nlm.nih.gov/pubmed/25024409
https://doi.org/10.1007/s11936-021-00924-3
https://www.ncbi.nlm.nih.gov/pubmed/33994773
https://doi.org/10.1097/CCM.0b013e3181b43282
https://www.ncbi.nlm.nih.gov/pubmed/19770741
https://doi.org/10.1016/j.resuscitation.2019.07.025
https://www.ncbi.nlm.nih.gov/pubmed/31377392
https://doi.org/10.1371/journal.pone.0257883


J. Clin. Med. 2024, 13, 3973 10 of 13

27. Cournoyer, A.; Cossette, S.; Potter, B.J.; Daoust, R.; de Montigny, L.; Londei-Leduc, L.; Lamarche, Y.; Ross, D.; Morris, J.; Chauny,
J.-M.; et al. Prognostic impact of the conversion to a shockable rhythm from a non-shockable rhythm for patients suffering from
out-of-hospital cardiac arrest. Resuscitation 2019, 140, 43–49. [CrossRef] [PubMed]

28. Gaibazzi, N.; Bergamaschi, L.; Pizzi, C.; Tuttolomondo, D. Resting global longitudinal strain and stress echocardiography to
detect coronary artery disease burden. Eur. Heart J. Cardiovasc. Imaging 2023, 24, e86–e88. [CrossRef]

29. Hussein, L.; Rehman, M.A.; Jelic, T.; Berdnikov, A.; Teran, F.; Richards, S.; Askin, N.; Jarman, R. Transoesophageal echocardiogra-
phy in cardiac arrest: A systematic review. Resuscitation 2021, 168, 167–175. [CrossRef]

30. Teran, F.; Dean, A.J.; Centeno, C.; Panebianco, N.L.; Zeidan, A.J.; Chan, W.; Abella, B.S. Evaluation of out-of-hospital cardiac
arrest using transesophageal echocardiography in the emergency department. Resuscitation 2019, 137, 140–147. [CrossRef]

31. Lemkes, J.S.; Janssens, G.N.; Van Der Hoeven, N.W.; Jewbali, L.S.D.; Dubois, E.A.; Meuwissen, M.M.; Rijpstra, T.A.; Bosker, H.A.;
Blans, M.J.; Bleeker, G.B.; et al. Coronary Angiography After Cardiac Arrest Without ST Segment Elevation: One-Year Outcomes
of the COACT Randomized Clinical Trial. JAMA Cardiol. 2020, 5, 1358–1365. [CrossRef] [PubMed]

32. Desch, S.; Freund, A.; Akin, I.; Behnes, M.; Preusch, M.R.; Zelniker, T.A.; Skurk, C.; Landmesser, U.; Graf, T.; Eitel, I.; et al.
Angiography after Out-of-Hospital Cardiac Arrest without ST-Segment Elevation. N. Engl. J. Med. 2021, 385, 2544–2553.
[CrossRef] [PubMed]

33. Hauw-Berlemont, C.; Lamhaut, L.; Diehl, J.L.; Andreotti, C.; Varenne, O.; Leroux, P.; Lascarrou, J.-B.; Guerin, P.; Loeb, T.; Roupie,
E.; 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, 700–707. [CrossRef] [PubMed]

34. Desch, S.; Freund, A.; Akin, I.; Behnes, M.; Preusch, M.R.; Zelniker, T.A.; Skurk, C.; Landmesser, U.; Graf, T.; Eitel, I.; et al. Coronary
Angiography After Out-of-Hospital Cardiac Arrest Without ST-Segment Elevation: One-Year Outcomes of a Randomized Clinical
Trial. JAMA Cardiol. 2023, 8, 827–834. [CrossRef] [PubMed]

35. Hamidi, F.; Anwari, E.; Spaulding, C.; Hauw-Berlemont, C.; Vilfaillot, A.; Viana-Tejedor, A.; Kern, K.B.; Hsu, C.-H.; Bergmark,
B.A.; Qamar, A.; et al. Early versus delayed coronary angiography in patients with out-of-hospital cardiac arrest and no ST-
segment elevation: A systematic review and meta-analysis of randomized controlled trials. Clin. Res. Cardiol. 2023, 113, 561–569.
[CrossRef] [PubMed]

36. Verma, B.R.; Sharma, V.; Shekhar, S.; Kaur, M.; Khubber, S.; Bansal, A.; Singh, J.; Ahuja, K.R.; Nazir, S.; Chetrit, M.; et al.
Coronary Angiography in Patients with Out-of-Hospital Cardiac Arrest Without ST-Segment Elevation A Systematic Review and
Meta-Analysis. JACC Cardiovasc. Interv. 2020, 13, 2193–2205. [CrossRef] [PubMed]

37. Franco, D.; Goslar, T.; Radsel, P.; De Luca, N.; Esposito, G.; Izzo, R.; Tesorio, T.; Barbato, E.; Noc, M. Coronary features across the
spectrum of out-of-hospital cardiac arrest with ST-elevation myocardial infarction (CAD-OHCA study). Resuscitation 2023, 193,
109981. [CrossRef]

38. Stähli, B.E.; Varbella, F.; Linke, A.; Schwarz, B.; Felix, S.B.; Seiffert, M.; Kesterke, R.; Nordbeck, P.; Witzenbichler, B.; Lang, I.M.;
et al. Timing of Complete Revascularization with Multivessel PCI for Myocardial Infarction. N. Engl. J. Med. 2023, 389, 1368–1379.
[CrossRef]

39. Thiele, H.; Akin, I.; Sandri, M.; Fuernau, G.; De Waha, S.; Meyer-Saraei, R.; Nordbeck, P.; Geisler, T.; Landmesser, U.; Skurk, C.;
et al. PCI Strategies in Patients with Acute Myocardial Infarction and Cardiogenic Shock. N. Engl. J. Med. 2017, 377, 2419–2432.
[CrossRef]

40. Thiele, H.; Akin, I.; Sandri, M.; De Waha-Thiele, S.; Meyer-Saraei, R.; Fuernau, G.; Eitel, I.; Nordbeck, P.; Geisler, T.; Landmesser,
U.; et al. One-Year Outcomes after PCI Strategies in Cardiogenic Shock. N. Engl. J. Med. 2018, 379, 1699–1710. [CrossRef]

41. Kolte, D.; Sardar, P.; Khera, S.; Zeymer, U.; Thiele, H.; Hochadel, M.; Radovanovic, D.; Erne, P.; Hambraeus, K.; James, S.; et al.
Culprit Vessel-Only Versus Multivessel Percutaneous Coronary Intervention in Patients with Cardiogenic Shock Complicating ST-
Segment-Elevation Myocardial Infarction: A Collaborative Meta-Analysis. Circ. Cardiovasc. Interv. 2017, 10, e005582. [CrossRef]
[PubMed]

42. Abrams, D.; MacLaren, G.; Lorusso, R.; Price, S.; Yannopoulos, D.; Vercaemst, L.; Bělohlávek, J.; Taccone, F.S.; Aissaoui, N.; Shekar,
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Bělohlávek, J.; et al. Comparison of four clinical risk scores in comatose patients after out-of-hospital cardiac arrest. Resuscitation
2023, 191, 109949. [CrossRef] [PubMed]

79. Pek, P.P.; Fan, K.C.; Ong, M.E.H.; Luo, N.; Østbye, T.; Lim, S.L.; Ho, A.F. Determinants of health-related quality of life after
out-of-hospital cardiac arrest (OHCA): A systematic review. Resuscitation 2023, 188, 109794. [CrossRef]

80. Yeo, J.W.; Ng, Z.H.C.; Goh, A.X.C.; Gao, J.F.; Liu, N.; Lam, S.W.S.; Chia, Y.W.; Perkins, G.D.; Ong, M.E.H.; Ho, A.F.W.; et al. Impact
of Cardiac Arrest Centers on the Survival of Patients with Nontraumatic Out-of-Hospital Cardiac Arrest: A Systematic Review
and Meta-Analysis. J. Am. Heart Assoc. 2022, 11, e023806. [CrossRef]

81. Xin Chun Goh, A.; Cong Seow, J.; Yong Hao Lai, M.; Liu, N.; Man Goh, Y.; Eng Hock Ong, M.; Lim, S.L.; Ho, J.S.Y.; Yeo, J.W.; Ho,
A.F.W.; et al. Association of High-Volume Centers with Survival Outcomes Among Patients with Nontraumatic Out-of-Hospital
Cardiac Arrest A Systematic Review and Meta-Analysis + Supplemental content. JAMA Netw. Open 2022, 5, 2214639.

82. Schober, A.; Sterz, F.; Laggner, A.N.; Poppe, M.; Sulzgruber, P.; Lobmeyr, E.; Datler, P.; Keferböck, M.; Zeiner, S.; Nuernberger, A.;
et al. Admission of out-of-hospital cardiac arrest victims to a high volume cardiac arrest center is linked to improved outcome.
Resuscitation 2016, 106, 42–48. [CrossRef] [PubMed]

83. Chien, C.Y.; Tsai, S.L.; Tsai, L.H.; Chen, C.B.; Seak, C.J.; Weng, Y.M.; Lin, C.-C.; Ng, C.-J.; Chien, W.-C.; Huang, C.-H.; et al.
Impact of Transport Time and Cardiac Arrest Centers on the Neurological Outcome After Out-of-Hospital Cardiac Arrest: A
Retrospective Cohort Study. J. Am. Heart Assoc. 2020, 9, 15544. [CrossRef] [PubMed]

84. Jung, E.; Ro, Y.S.; Park, J.H.; Ryu, H.H.; Do, S.S. Clinical Medicine Direct Transport to Cardiac Arrest Center and Survival
Outcomes after Out-of-Hospital Cardiac Arrest by Urbanization Level. J. Clin. Med. 2022, 2022, 1033. [CrossRef]

85. von Vopelius-Feldt, J.; Perkins, G.D.; Benger, J. Association between admission to a cardiac arrest centre and survival to hospital
discharge for adults following out-of-hospital cardiac arrest: A multi-centre observational study. Resuscitation 2021, 160, 118–125.
[CrossRef] [PubMed]

86. Yeung, J.; Matsuyama, T.; Bray, J.; Reynolds, J.; Skrifvars, M.B. Does care at a cardiac arrest centre improve outcome after
out-of-hospital cardiac arrest?—A systematic review. Resuscitation 2019, 137, 102–115. [CrossRef] [PubMed]

87. Elmer, J.; Rittenberger, J.C.; Coppler, P.J.; Guyette, F.; Doshi, A.A.; Callaway, C.W.; Pittsburgh Post-Cardiac Arrest Service.
Long-term survival benefit from treatment at a specialty center after cardiac arrest. Resuscitation 2016, 108, 48–53. [CrossRef]

88. 88. May, T.L.; Lary, C.W.; Riker, R.R.; Friberg, H.; Patel, N.; Søreide, E.; McPherson, J.A.; Undén, J.; Hand, R.; Sunde, K.; et al.
Variability in functional outcome and treatment practices by treatment center after out-of-hospital cardiac arrest: Analysis of
International Cardiac Arrest Registry. Intensive Care Med. 2019, 45, 637–646. [CrossRef] [PubMed]

89. Patterson, T.; Perkins, G.D.; Perkins, A.; Clayton, T.; Evans, R.; Dodd, M.; Robertson, S.; Wilson, K.; Mellett-Smith, A.; Fothergill,
R.T.; et al. Expedited transfer to a cardiac arrest centre for non-ST-elevation out-of-hospital cardiac arrest (ARREST): A UK
prospective, multicentre, parallel, randomised clinical trial. Lancet 2023, 402, 1329–1337. [CrossRef] [PubMed]

https://doi.org/10.1161/CIR.0000000000001164
https://doi.org/10.1007/s00134-022-06620-5
https://doi.org/10.1007/s12028-023-01688-3
https://doi.org/10.1016/j.resuscitation.2017.05.014
https://doi.org/10.1093/eurheartj/ehv556
https://doi.org/10.1093/eurheartj/ehl335
https://doi.org/10.1186/s13054-017-1677-2
https://www.ncbi.nlm.nih.gov/pubmed/28410590
https://doi.org/10.15420/icr.2023.08
https://www.ncbi.nlm.nih.gov/pubmed/38213747
https://doi.org/10.1093/eurheartj/ehaa570
https://doi.org/10.1016/j.resuscitation.2023.109949
https://www.ncbi.nlm.nih.gov/pubmed/37634862
https://doi.org/10.1016/j.resuscitation.2023.109794
https://doi.org/10.1161/JAHA.121.023806
https://doi.org/10.1016/j.resuscitation.2016.06.021
https://www.ncbi.nlm.nih.gov/pubmed/27368428
https://doi.org/10.1161/JAHA.119.015544
https://www.ncbi.nlm.nih.gov/pubmed/32458720
https://doi.org/10.3390/jcm11041033
https://doi.org/10.1016/j.resuscitation.2021.01.024
https://www.ncbi.nlm.nih.gov/pubmed/33548360
https://doi.org/10.1016/j.resuscitation.2019.02.006
https://www.ncbi.nlm.nih.gov/pubmed/30779976
https://doi.org/10.1016/j.resuscitation.2016.09.008
https://doi.org/10.1007/s00134-019-05580-7
https://www.ncbi.nlm.nih.gov/pubmed/30848327
https://doi.org/10.1016/S0140-6736(23)01351-X
https://www.ncbi.nlm.nih.gov/pubmed/37647928


J. Clin. Med. 2024, 13, 3973 13 of 13

90. Greif, R.; Bhanji, F.; Bigham, B.L.; Bray, J.; Breckwoldt, J.; Cheng, A.; Duff, J.P.; Gilfoyle, E.; Hsieh, M.-J.; Iwami, T.; et al. Education,
Implementation, and Teams: 2020 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care Science with Treatment Recommendations. Circulation 2020, 142, S222–S283. [CrossRef]

91. Berg, K.M.; Bray, J.E.; Ng, K.C.; Liley, H.G.; Greif, R.; Carlson, J.N.; Morley, P.T.; Drennan, I.R.; Smyth, M.; Scholefield, B.R.; et al.
2023 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment
Recommendations: Summary from the Basic Life Support; Advanced Life Support; Pediatric Life Support; Neonatal Life Support;
Education, Implementation, and Teams; and First Aid Task Forces. Resuscitation 2024, 195, e187–e280. [CrossRef]

92. Rott, N.; Scholz, K.; Busch, H.; Frey, N.; Kelm, M.; Thiele, H.; Böttiger, B. Cardiac Arrest Center Certification for out-of-hospital
cardiac arrest patients successfully established in Germany. Resuscitation 2020, 156, 1–3. [CrossRef] [PubMed]

93. Voß, F.; Thevathasan, T.; Scholz, K.H.; Böttiger, B.W.; Scheiber, D.; Kabiri, P.; Bernhard, M.; Kienbaum, P.; Jung, C.; Westenfeld,
R.; et al. Accredited cardiac arrest centers facilitate eCPR and improve neurological outcome. Resuscitation 2024, 194, 110069.
[CrossRef]

94. Rott, N.; Böttiger, B. Five years of Cardiac Arrest Center (CAC) certification in Germany—A success story. Resuscitation 2024, 196,
110130. [CrossRef] [PubMed]

95. Rott, N.; Wingen, S.; Müller, D.; Böttiger, B.W. Cardiac arrest centers—Certification fosters inflow of patients by emergency
medical services. Med. Klin.-Intensiv. Notfallmedizin 2022, 118, 263–268. [CrossRef] [PubMed]

96. Grübl, T.; Nauheimer, D.; Wolff, H.; Gehret, G.; Rott, N.; Schmidbauer, W.; Schieffer, B.; Gliwitzky, B. Zertifizierung von
Cardiac-Arrest-Zentren. Notf.+ Rettungsmedizin 2022, 26, 23–29. [CrossRef]

97. Pöss, J.; Sinning, C.; Schreiner, I.; Apfelbacher, C.; Drewitz, K.-P.; Hösler, N.; Schneider, S.; Pieske, B.; Böttiger, B.W.; Ewen, S.; et al.
German Cardiac Arrest Registry: Rationale and design of G-CAR. Clin. Res. Cardiol. 2022, 112, 455–463. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/CIR.0000000000000896
https://doi.org/10.1016/j.resuscitation.2023.109992
https://doi.org/10.1016/j.resuscitation.2020.08.007
https://www.ncbi.nlm.nih.gov/pubmed/32860855
https://doi.org/10.1016/j.resuscitation.2023.110069
https://doi.org/10.1016/j.resuscitation.2024.110130
https://www.ncbi.nlm.nih.gov/pubmed/38280510
https://doi.org/10.1007/s00063-022-00939-z
https://www.ncbi.nlm.nih.gov/pubmed/35821417
https://doi.org/10.1007/s10049-021-00975-w
https://doi.org/10.1007/s00392-022-02044-9

	Introduction 
	Methods 
	Pre-Hospital Care 
	Coronary Care 
	MCS and eCPR 
	Post-Cardiac Arrest Care 
	Targeted Temperature Management (TTM) 
	Neuroprognostication and Risk Assessment Tools 
	Rehabilitation and Post-Discharge Care 
	Management in CACs 
	Conclusions 
	References

