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International out-of-hospital cardiac arrest (OHCA) sur-
vival rates vary considerably and reflect differences in the
quality of the local chain of survival. In this paper, we
describe the ten priorities for strengthening this chain,
thereby improving survival from OHCA (Fig. 1).

1. High bystander CPR rate in the community

Good quality cardiopulmonary resuscitation (CPR)
maintains vital circulation and improves the chances of
having an initial shockable rhythm and ultimately of long-
term survival [1]. Health authorities should address key
CPR education goals and training programs within their
system/community including dispatcher-guided telephone
CPR programs.

2. Early AED programs in the community

Early defibrillation improves survival [1], and every effort
should be made to reduce the time to first shock. This can
be done by introducing automated external defibrillators
(AEDs) to individuals outside EMS systems. AEDs are
easy to use and can be used by police, fire fighters and lay
people.

3. Good quality advanced life support by responders

Advanced life support (ALS) is the combination of CPR,
defibrillation, airway and drug management, and the use
of more advanced adjuncts. Although there are no data
showing that any of these interventions improve outcome,
we argue strongly that EMS services should continue to
focus on training and delivery of high quality ALS, as
described in current guidelines [1]. Drugs, combinations
of drugs, or adjuncts such as mechanical chest compres-
sion devices might improve with further research and
development.

4. Monitoring during ALS

Better quality ALS can be achieved by monitoring the
quality of CPR. End-tidal carbon dioxide (ETCO2), re-
flecting cardiac output, is currently the best real-time
physiological monitoring device to guide CPR [1]. It re-
quires an advanced airway and can be used for continuous
quality evaluation of chest compressions. It can also
distinguish between return of spontaneous circulation
(ROSC) and pulseless electric activity (PEA) after shock
delivery. Near-infrared spectroscopy (NIRS) and
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ventricular fibrillation (VF) waveform analysis (incorpo-
rated in the defibrillator) are other promising tools helping
to optimise circulation and shock delivery, thereby indi-
vidualising ALS management. Since diagnosis of the
cause of arrest might be important in refractory cases,
ultrasound techniques should be further developed and
explored, enabling individualised therapy for specific di-
agnoses requiring specific treatment [1].

5. Developing advanced therapies in refractory
cardiac arrest

In refractory cardiac arrest patients, resuscitation efforts
can in selected cases be extended by usingmechanical chest
compression devices [2]. Even if not considered standard of
care for all patients, they enable transport to hospital with
adequate organ perfusion before implementation of

extracorporeal life support (ECLS). There is growing evi-
dence that ECLS can save liveswhen standard resuscitation
fails [3].However, there are stillmany obstacles to the rapid
implementation of the technology (even pre-hospital) and
questions regarding selection of patients and efficacy of the
intervention.

6. Improving post-resuscitation care

Post-resuscitation care can improve short- and long-term
outcome after cardiac arrest by treating the cause of the
arrest and protecting the brain from worsening injury [4].
Recent guidelines recommend that resuscitated patients of
presumed coronary cause should undergo immediate
coronary angiography with subsequent revascularization if
indicated [5]. Hypoxic–ischaemic brain injury is the main
cause of death followingOHCA [6]. Today, the onlyway to
maximise neurological recovery is to lower the body tem-
perature during the first 24 h, even if the optimal target is
still debated (between 33 and 36 �C). The combination of
both early coronary reperfusion and therapeutic hypother-
mia is associated with a better long-term outcome.

7. Prognostication

Predicting reliably which comatose post-cardiac arrest pa-
tients will eventually make a good neurological recovery is
challenging. Many patients who eventually make a good
recovery will take several days to awaken from coma, and
decisions to withdraw life-sustaining therapy (WLST) are
often taken far too early. Clinical examination alone is in-
sufficiently reliable for WLST decisions. The European
Resuscitation Council (ERC) and European Society of In-
tensive Care Medicine (ESICM) have recently published
guidelines for prognostication in comatose survivors of
cardiac arrest [7]. In general, the prediction of outcome
should be delayed until 72 h or more after ROSC and should
incorporate multiple predictors (neuro-electrophysiology,
neuro-imaging and/or biomarkers). If the results of prog-
nostic tests produce conflicting results or prognostication is
uncertain, further clinical observation and re-evaluation is
recommended. Adoption of these guidelines has the poten-
tial to considerably impact outcome.

8. Rehabilitation

Although the majority of cardiac arrest survivors achieve
a good neurological outcome as assessed by global
measures such as cerebral performance category (CPC),
and some studies have shown that the majority of these
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individuals have good cognitive function and quality of
life [8, 9], others have shown that they have considerable
memory impairments [10]. The active rehabilitation of
survivors of traumatic brain injury is widely recognised as
being vital to their optimal long-term recovery, and yet
survivors of cardiac arrest are typically discharged from
hospital with no consideration for their rehabilitation
needs. In the Netherlands, an early psychosocial inter-
vention service has been introduced for survivors of
cardiac arrest [11], and such an approach should be more
widely adopted.

9. Registries

High-quality cardiac arrest registries include data from
many patients and enable comparisons between different
healthcare systems. Such comparisons are made more
reliable when risk-adjustment modelling is applied to the
data [12]. They also facilitate observational studies that,
although subject to bias, serve the important function of
being hypothesis generating and, as such, can guide and
facilitate prospective trials. There are several examples

from good registries worldwide [13, 14], and as these
registries become more sophisticated they will become
valuable for assessing the impact of guideline changes
and other cardiac arrest interventions.

10. Research programs

As many guidelines are based on low quality evidence,
we need more high-quality research to improve the un-
derstanding of interventions. However, cardiac arrest
research is challenging, not least because of the extreme
urgency of interventions and because, by definition, the
patient is unconscious and unable to provide consent.
Overall survival from cardiac arrest, although increasing,
remains comparatively low, and studies powered to show
significant reductions in mortality typically need to recruit
several thousands of patients. Prospective controlled
studies in resuscitation require collaboration across mul-
tiple sites, organisations and careful ethical considerations
[15]. International research consortia will underpin the
future of cardiac arrest research.
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M, Berg RA, Böttiger BW, Callaway C,
Clark RS, Geocadin RG, Jauch EC,
Kern KB, Laurent I, Longstreth WT,
Merchant RM, Morley P, Morrison LJ,
Nadkarni V, Peberdy MA, Rivers EP,
Rodriguez-Nunez A, Sellke FW,
Spaulding C, Sunde K, Hoek TV (2008)
Post-cardiac arrest syndrome:
epidemiology, pathophysiology,
treatment, and prognostication.
A Scientific Statement from the
International Liaison Committee on
Resuscitation; the American Heart
Association Emergency Cardiovascular
Care Committee; the Council on
Cardiovascular Surgery and Anesthesia;
the Council on Cardiopulmonary,
Perioperative, and Critical Care; the
Council on Clinical Cardiology; the
Council on Stroke. Resuscitation
79:350–379

5. Camuglia AC, Randhawa VK, Lavi S,
Walters DL (2014) Cardiac
catheterization is associated with
superior outcomes for survivors of out
of hospital cardiac arrest: review and
meta-analysis. Resuscitation
85:1533–1540

6. Lemiale V, Dumas F, Mongardon N,
Giovanetti O, Charpentier J, Chiche JD,
Carli P, Mira JP, Nolan J, Cariou A
(2013) Intensive care unit mortality
after cardiac arrest: the relative
contribution of shock and brain injury
in a large cohort. Intensive Care Med
39:1972–1980

7. Sandroni C, Cariou A, Cavallaro F,
Cronberg T, Friberg H, Hoedemaekers
C, Horn J, Nolan JP, Rossetti AO, Soar
J (2014) Prognostication in comatose
survivors of cardiac arrest: an advisory
statement from the European
Resuscitation Council and the European
Society of Intensive Care Medicine.
Intensive Care Med 40:1816–1831

8. Beesems SG, Wittebrood KM, de Haan
RJ, Koster RW (2014) Cognitive
function and quality of life after
successful resuscitation from cardiac
arrest. Resuscitation 85:1269–1274

9. Smith K, Andrew E, Lijovic M, Nehme
Z, Bernard S (2015) Quality of life and
functional outcomes 12 months after
out-of-hospital cardiac arrest.
Circulation 131:174–181

1822

http://dx.doi.org/10.1002/14651858.CD007260.pub3
http://dx.doi.org/10.1016/j.resuscitation.2014.09.010


10. Sulzgruber P, Kliegel A, Wandaller C,
Uray T, Losert H, Laggner AN, Sterz F,
Kliegel M (2015) Survivors of cardiac
arrest with good neurological outcome
show considerable impairments of
memory functioning. Resuscitation
88:120–125

11. Moulaert VR, Verbunt JA, Bakx WG,
Gorgels AP, de Krom MC, Heuts PH,
Wade DT, van Heugten CM (2011)
‘Stand still…, and move on’, a new
early intervention service for cardiac
arrest survivors and their caregivers:
rationale and description of the
intervention. Clin Rehabil 25:867–879

12. Chan PS, Berg RA, Spertus JA,
Schwamm LH, Bhatt DL, Fonarow GC,
Heidenreich PA, Nallamothu BK, Tang
F, Merchant RM, AHA GWTG-
Resuscitation Investigators (2013) Risk-
standardizing survival for in-hospital
cardiac arrest to facilitate hospital
comparisons. J Am Coll Cardiol
62:601–609

13. Girotra S, Nallamothu BK, Spertus JA,
Li Y, Krumholz HM, Chan PS,
American Heart Association Get with
the Guidelines–Resuscitation
Investigators (2012) Trends in survival
after in-hospital cardiac arrest. N Engl J
Med 367:1912–1920

14. Nolan JP, Soar J, Smith GB, Gwinnutt
C, Parrott F, Power S, Harrison DA,
Nixon E, Rowan K, Audit National
Cardiac Arrest (2014) Incidence and
outcome of in-hospital cardiac arrest in
the United Kingdom National Cardiac
Arrest Audit. Resuscitation 85:987–992

15. Nielsen N, Wetterslev J, Cronberg T,
Erlinge D, Gasche Y, Hassager C, Horn
J, Hovdenes J, Kjaergaard J, Kuiper M,
Pellis T, Stammet P, Wanscher M, Wise
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