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Abstract 
Over the last 15 years, treatment of comatose post-cardiac arrest patients has evolved to include therapeutic strate-
gies such as urgent coronary angiography with percutaneous coronary intervention (PCI), targeted temperature man-
agement (TTM)—requiring mechanical ventilation and sedation—and more sophisticated and cautious prognostica-
tion. In 2015, collaboration between the European Resuscitation Council (ERC) and the European Society for Intensive 
Care Medicine (ESICM) resulted in the first European guidelines on post-resuscitation care. This review addresses the 
major recent advances in the treatment of cardiac arrest, recent trials that have challenged current practice and the 
remaining areas of uncertainty.

Keywords: Cardiopulmonary resuscitation, Cardiac arrest, Basic life support, Advanced life support, Post-resuscitation 
care, Prognostication

Current standard of care for treatment of cardiac 
arrest
The current standard of care for the treatment of car-
diac arrest is set out in the 2015 European Resuscitation 
Council (ERC) and American Heart Association (AHA) 
cardiopulmonary resuscitation (CPR) guidelines [1, 2], 
which are underpinned by the 2015 International Con-
sensus on Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care Science with Treatment 
Recommendations [3]. Interest among intensive care 
clinicians in the treatment of cardiac arrest survivors 
has increased as it has become clearer that the manage-
ment of these patients in the intensive care unit (ICU) 
can impact substantially on their ultimate neurological 
outcome. Over the last 15 years, treatment of comatose 
post-cardiac arrest patients has evolved to include thera-
peutic strategies such as emergent coronary angiography 
with percutaneous coronary intervention (PCI), targeted 

temperature management (TTM)—requiring mechani-
cal ventilation and sedation—and more sophisticated and 
cautious prognostication. A collaboration between the 
ERC and the European Society for Intensive Care Medi-
cine (ESICM) resulted in the first European guidelines on 
post-resuscitation care; these define the current standard 
of care for the treatment of post-cardiac arrest patients 
[4]. This review addresses the major recent advances in 
the treatment of cardiac arrest, recent trials that have 
challenged current practice and the remaining areas of 
uncertainty. Table 1 lists some key ongoing and planned 
resuscitation studies, and Table 2 includes some propos-
als for future studies.

Major recent advances in treatment of cardiac 
arrest
Early recognition of out-of-hospital cardiac arrest
Early recognition of out-of-hospital cardiac arrest (OHCA) 
is critical for successful resuscitation, and typically relies 
on laypeople, with the potential for meaningful involve-
ment from the telecommunicator (emergency dis-
patcher). When a person has a cardiac arrest, they become 
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unconscious, pulseless, with agonal breaths or no breath-
ing at all. Because pulse determination is challenging for 
laypeople, there should be a high suspicion for arrest if an 
individual is unconscious and not breathing normally. The 
term ‘normally’ is essential to help identify agonal gasps, 
which can be confused for signs of life [5]. The telecom-
municator should prioritise the two ‘all-caller’ questions at 
the outset: “Is the patient conscious?” and “Is the patient 
breathing normally?” If both answers are “no”, the telecom-
municator proceeds to CPR instructions. Efforts to char-
acterise abnormal breathing are not useful and only delay 
CPR. Although other conditions (e.g. postictal state) may 
be falsely identified as arrest, the risk of injury from inad-
vertent layperson CPR is exceedingly low [6]. Real-world 
experience has informed telecommunicator performance 
goals for arrest recognition and CPR instruction [7]. Efforts 
using this approach have been associated with increases in 
bystander CPR and improvement in survival [8, 9].

Early activation and bystander CPR
Observational studies show that multiple components of 
lay and emergency medical services (EMS) care are associ-
ated with survival after OHCA. These include briefer time 
from the call for assistance to activation of EMS providers 
(i.e. activation interval) and briefer time from activation of 
EMS providers to the arrival of EMS providers on scene 
(i.e. response time interval) [10]. Briefer pre-shock pauses, 
greater depth of chest compression and an optimal com-
pression rate are also associated with improved outcomes 
[11–13]. The relationship between chest compression frac-
tion and outcome is less consistent [14, 15].

Early access to defibrillation
In patients with OHCA, application of an automated 
external defibrillator (AED) by a layperson before the 
arrival of EMS providers on scene increases survival sig-
nificantly compared to a standard community response, 
but only 25% of ventricular fibrillation/pulseless ventricu-
lar tachycardia (VF/pVT) cardiac arrests occur in public 
settings [16]. Solutions for use in a residential environ-
ment would reach many more patients but are more dif-
ficult to implement because of the large areas to cover, 
fewer victims per unit area to be covered and lower prob-
ability of a nearby and trained rescuer. AEDs in residen-
tial areas are uncommon. More effective use of residential 
AEDs is possible if dispatchers direct rescuers to nearby 
AEDs. New solutions for these logistic challenges in resi-
dential areas involve mobile phones with short message 
system (SMS) messages or smart phones with geolocation 
[17, 18] (Fig.  1). These solutions increase the likelihood 
of bystander CPR [18] and reduce time to defibrillation 
[17]. AEDs should be accessible at all hours but this is the 
case for less than 50% of nearby cardiac arrests in public 

locations during evening, night-time and weekends [19]; 
AEDs in boxes located outside can resolve this problem.

Rapid response systems for in-hospital cardiac arrest
Rapid response systems (RRS) use multiple interven-
tions to prevent unplanned ICU admissions, unexpected 
deaths (including from in-hospital cardiac arrest [IHCA]) 
and improve hospital mortality. Interventions include 
staff education, monitoring of patients, recognition of 
patient deterioration, a system to call for help and an 
effective response—the chain of prevention.

Evidence supporting RRS is largely observational, and 
the best way of achieving the complex interventions that 
make up an RRS remain uncertain [20]. Patients sustain-
ing unmonitored cardiac arrest have a worse prognosis 
than those patients who are monitored, suggesting that 
approaches to more comprehensively monitor or more 
precisely allocate monitoring could improve IHCA out-
come [21]. Some, but not all, evidence supports the lifesav-
ing potential of the implementation of early warning and 
response strategies [22]. The variability may depend upon 
the specific warning algorithm, the patient population, the 
hospital setting, the composition of the response or the 
outcome of interest.

Studies suggest multiple interventions may be related to 
improved outcomes including electronic observation and 
alerting, staff communication interventions (e.g. situa-
tion, background, assessment, recommendation [SBAR]), 
different triggers for alerting a response (e.g. early 
warning scoring systems) and differing types of rapid 
response team [e.g. medical emergency team (MET)]. The 
responses may result in escalating or limiting treatments, 
and may include palliative care [23]. RRS are conceptually 
attractive and this has led to widespread uptake, whereas 
difficulties in measuring processes and outcomes have led 
to relatively little high-quality research.

Monitoring during resuscitation
Innovative technology capable of monitoring CPR met-
rics during resuscitation enables investigators and clini-
cians to measure the quality of CPR in real time. This has 
informed optimal resuscitation practice (e.g. minimising 
pre-shock pause, maximising chest compression fraction 
and correct chest compression depth [14, 24]). There are 
two categories of CPR monitoring: physiological (patient 
response to CPR) and CPR performance (provider CPR 
delivery) metrics; both enable real-time and retrospective 
feedback. Invasive haemodynamic monitoring (arterial 
and central venous pressures when available) along with 
end-tidal carbon dioxide (ETCO2) values provide perti-
nent physiological data during CPR, but are seldom avail-
able. While the theoretical significance of haemodynamic 
and ETCO2 monitoring during CPR is accepted, clinical 
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studies have yet to identify the optimal values during 
human CPR. Nonetheless, an AHA consensus statement 
recommends monitoring haemodynamic response with 
techniques such as arterial lines when available (maintain-
ing diastolic blood pressure >25  mmHg in adults), and 
ETCO2 monitoring when available [optimising CPR per-
formance to a goal of ETCO2 > 2.6 kPa (20 mmHg)] [25]. 
However, inter-individual differences, cause of arrest and 
comorbidities impact these values, questioning clinical 
decision-making based on specific threshold values.

Post-resuscitation care
‘Post-resuscitation disease’ was described first by 
Negovsky in 1971 and was redefined in more detail in 
2008 as the post-cardiac arrest syndrome (PCAS) [26]. 
PCAS is complex. Most resuscitated cardiac arrest 
patients are comatose and critically ill and require exten-
sive intensive care treatment depending on the cause 
of the arrest, severity of the reperfusion injury and the 
extent of myocardial dysfunction [26]. PCAS is best 
treated with a goal-directed approach including imme-
diate access to coronary angiography and PCI, early 
implementation of TTM, and a well-defined standardised 
treatment plan including prognostication [27, 28]. There 
are large interhospital differences in treatment and out-
come [28], and a standardised treatment plan enables the 
focus to be on optimising treatment for each individual 
cardiac arrest patient. As an important part of the chain 
of survival, improvement in hospital treatment after 

ROSC has increased survival rates worldwide. Impor-
tantly, there are still several knowledge gaps related to 
optimal post resuscitation care, e.g. haemodynamic goals 
[4].

Common beliefs contradicted by recent trial results
Mechanical compression devices
Intuitively, the use of mechanical compression devices, 
which deliver consistent, high-quality chest compres-
sions, should improve outcomes. Five, moderate- to high-
quality randomised trials enrolled over 12,000 patients 
with an OHCA. Meta-analysis comparing mechanical 
CPR with manual CPR found no significant improve-
ment in initial survival, survival to discharge/30  days 
[odds ratio (OR) 0.89, (95% confidence interval (CI) 
0.77–1.02)] (Fig.  2) or favourable neurological outcome 
[OR 0.76, (95% CI 0.53, 1.11)] [29]. For IHCA, three ran-
domised trials and six observational studies comparing 
mechanical CPR with manual CPR and involving 689 
patients found evidence of significantly improved short-
term (53.2% versus 35.2%; OR 2.14, 95% CI 1.11–4.13) 
and hospital or 30-day survival (26.7% versus 12.2%; OR 
2.34, 95% CI 1.42–3.85) suggesting the need for further 
research in this setting [30].

Antiarrhythmic drugs
Antiarrhythmic drugs are typically administered for their 
immediate effects in cardiac arrest, namely to terminate 
life-threatening arrhythmias and restore spontaneous 
circulation. These benefits, though realised across virtu-
ally all studies, have not been accompanied by improved 
survival [31], fuelling the common belief that this goal 
may not be achievable pharmacologically. Such pessi-
mism was seemingly reinforced by a recent antiarrhyth-
mic drug trial [32]. But cardiac arrest interventions are 
very time-sensitive and when analysed in the context 
of the probable time from collapse to treatment (which 
is estimated more accurately in bystander-witnessed 
than unwitnessed arrests), antiarrhythmics significantly 
improved survival in the trial (Fig. 3) [33]. Thus, like all 
cardiovascular emergencies, the effect of antiarrhythmic 
therapies in cardiac arrest also hinges on both what is 
given and, importantly, when they are received.

Pharmacological neuroprotection
Although return of spontaneous circulation (ROSC) is 
the primary therapeutic objective of cardiac resuscita-
tion, reflow after whole-body ischaemia might activate 
detrimental pathways during reperfusion, causing tis-
sue injury, particularly in the brain. Several drugs which 
are known to inhibit the intracellular process of ischae-
mia–reperfusion were shown to decrease the severity of 
the post-resuscitation syndrome in animal experiments. 

Fig. 1 A text message (TM) alert system in North Holland. When 
a dispatcher suspects an out-of-hospital cardiac arrest, trained 
first responders within 1000 m are alerted to either first retrieve an 
automated external defibrillator (if within 500 m) and then go to the 
victim or to go directly to the victim and start CPR [17]. Reproduced 
with permission from Resuscitation
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However, the results of recent large clinical studies are 
disappointing. Ciclosporin, exenatide (a glucagon-like 
peptide-1 analogue) and erythropoietin analogues all 
failed to show any protective effect when administered to 
OHCA patients [34–36] (Fig. 4).

Optimal target temperature for targeted temperature 
management
Animal data indicate several different mechanisms for the 
impact of temperature on reperfusion injury [26]. Mild 
induced hypothermia (32–34  °C) was recommended by 
the International Liaison Committee on Resuscitation 
(ILCOR) in 2003 as a neuroprotective strategy for OHCA 
patients in coma after a VF/pVT cardiac arrest. At that 
time, the supporting evidence was based on experimental 
animal data, non-randomised clinical trials and two small 
randomised trials [26]. Gradual implementation followed 
worldwide despite methodological limitations in the 
two pivotal clinical trials. After the neutral results of the 
TTM Trial comparing 36 versus 33  °C [37] current rec-
ommendations have been modified to include a broader 
range of target temperature and the quality of evidence 
supporting TTM has been downgraded to very low to 
low depending on initial rhythm [38].

Remaining areas of uncertainty
Extracorporeal cardiopulmonary resuscitation (E-CPR)
In the 1990s several studies established that 30–50% of 
children with prolonged CPR (30–80  min) could survive 
when extracorporeal CPR (E-CPR) was used as salvage 
therapy during CPR [39]. Similar remarkable outcomes 
were reported for adults with prolonged IHCA [40] and 
OHCA (e.g. as a bridge to enable successful PCI). The logic 
was simple: E-CPR, a cardiopulmonary bridge therapy, 

could provide adequate blood flow to the brain and heart 
for hours to days until potentially reversible processes 
resolve. However, data over the last decade have also shown 
that patients can survive after prolonged high-quality CPR 
without E-CPR [41]. Some retrospective studies show bet-
ter outcomes with E-CPR for IHCAs compared with pro-
longed standard CPR [39, 40], whereas others do not [42]. 
Several ongoing trials are intended to clarify whether 
E-CPR results in better outcome (e.g. NCT01511666).

Airway management
The ideal airway management strategy during CPR 
remains unclear. In practice, there is often a progression 
in complexity of airway management, from no interven-
tion (compression only CPR), mouth-to-mouth, and bag-
mask ventilation, through to supraglottic airway (SGA) 
devices and tracheal intubation. The best airway is likely 
to vary depending on the time-point in the resuscitation 
process, and the skill set of the attending rescuers [43]. 
Several observational studies on airway management 
during OHCA have been published but they are prone 
to selection bias, e.g. patients who recover rapidly from 
a cardiac arrest, and therefore likely to have a better out-
come, are less likely to require advanced airway manage-
ment. Propensity analysis is often use to adjust for such 
confounders, but can only ever include data that has been 
collected and reported. There may be hidden confound-
ers that account for the apparent differences in outcome. 
In comparison with tracheal intubation, SGAs require 
less training for successful insertion and may cause less 
interruption of chest compressions than tracheal intuba-
tion [44]. Three ongoing prospective OHCA studies, one 
randomised clinical trial of tracheal intubation versus 
bag-mask ventilation (CAAM study, NCT02327026) and 

Fig. 2 Meta-analysis of studies of mechanical chest compression for out-of-hospital cardiac arrest—survival to hospital discharge or 30 days. Repro-
duced from Gates et al. Resuscitation 2015 [29]
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two cluster randomised trials of an SGA versus tracheal 
intubation [45, 46] should provide useful data on the 
optimal airway management strategy in OHCA.

Oxygenation and ventilation during cardiopulmonary 
resuscitation
The optimal approach to oxygenation and ventilation dur-
ing CPR is uncertain, although it may depend upon the 

pathophysiology of the patient, the type of airway, the 
mechanics of chest compressions, and the skills and num-
ber of rescuers. Different approaches to ventilation and oxy-
genation can affect intrathoracic pressure, arterial tensions 
of oxygen and carbon dioxide, and acid–base balance with 
the confluence potentially affecting coronary and cerebral 
perfusion, downstream metabolic response and ultimately 
the likelihood of resuscitation and neurological recovery.

Fig. 3 Absolute differences in survival to hospital discharge between amiodarone versus placebo and lidocaine versus placebo, stratified by 
whether the OHCA was bystander-witnessed or unwitnessed in the Amiodarone, Lidocaine or Placebo Study (ALPS), an interaction which was 
statistically significant [33]. Reproduced with permission from Resuscitation

Fig. 4 Neuroprotective drugs recently investigated for the treatment of post-cardiac arrest syndrome
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Clinical guidelines have integrated available evidence, 
understanding there is this uncertainty regarding an opti-
mal strategy. All CPR providers should perform chest 
compressions for all patients in cardiac arrest. CPR pro-
viders trained and able to perform rescue breaths should 
perform chest compressions and rescue breaths in a ratio 
of 30 compressions to two breaths.

In resuscitation involving multiple professional res-
cuers, guidelines direct repeated cycles of 30 compres-
sions followed by two positive-pressure rescue breaths 
when an advanced airway is not in place. In this guideline 
approach, chest compressions are stopped to deliver ven-
tilation whereby each ventilation provides just enough 
volume to achieve chest rise, occurs in 1–2  s and uses 
100% oxygen when available. A large randomised trial 
of OHCA resuscitation by EMS compared conventional 
30:2 sequential delivery of compressions and ventilations 
with a strategy of continuous compressions with inter-
posed ventilation every tenth compression [47]. In the 
primary analysis, the continuous compression strategy 
did not improve clinical outcomes. In a planned second-
ary analysis, compressions with pauses for ventilations 
significantly increased hospital-free survival compared 
with continuous compressions without pauses for ven-
tilations; although the difference was a modest 0.2 days. 
Once an advanced airway is in place, guidelines recom-
mend continuous compressions with breaths delivered as 
a positive-pressure ventilation every 6 s [1, 2].

Adrenaline
Adrenaline (epinephrine) has been an integral component 
of advanced life support treatment guidelines for over 
50 years. Despite its widespread use, the safety and effec-
tiveness of adrenaline have never been comprehensively 
evaluated in a clinical trial. Experimental studies show that 
adrenaline stimulates alpha receptors causing peripheral 
vasoconstriction, which increases coronary perfusion pres-
sure thus increasing the chances of ROSC. Harmful effects 
include increased cardiovascular instability and worsen-
ing brain injury. Meta-analysis of the single randomised 
trial [48] and 14 observational studies [49] which com-
pare adrenaline (1 mg every 3–5 min) with no adrenaline 
reported that the rate of ROSC doubled [19.7% versus 5.5%; 
OR 2.85 (95% CI 2.28–3.54)]. By contrast, there was no dif-
ference in the chance of survival to discharge/30 days and 
fewer patients survived with favourable neurological out-
comes [(1.9% versus 2.2%; OR 0.51 (95% CI 0.31–0.84)]. 
ILCOR has called for randomised, placebo-controlled trials 
to evaluate the safety and effectiveness of adrenaline in car-
diac arrest. The PARAMEDIC-2 trial (ISRCTN73485024) 
is a pragmatic clinical and cost-effectiveness trial compar-
ing adrenaline with placebo [50]. The trial aims to enrol 
8000 patients from five ambulance services in the UK. 

The primary outcome for the trial is survival to discharge. 
Secondary outcomes will evaluate long-term survival, 
health-related quality of life and neurological and cognitive 
outcomes. The trial is due to report in 2019.

Oxygen and carbon dioxide targets after resuscitation 
from cardiac arrest
In the early period of reperfusion after resuscitation from 
cardiac arrest, there is a cascade of production of molecules 
that are known to injure neurones (reperfusion injury). 
Whilst the reperfusion injury mechanism is complex, one 
of the major contributors is the generation of oxygen free 
radicals, and supplementary oxygen increases their pro-
duction [51]. A detrimental effect of supplemental oxygen 
has been documented in ST-elevation myocardial infarc-
tion (STEMI) [52]. In post-cardiac arrest patients several 
observational clinical studies comparing normoxia with 
hyperoxia have come to differing conclusions with some 
showing an association between hyperoxia and poor out-
come [53] and others showing, after correction for illness 
severity, no such association [54]. These ICU-based studies 
will have missed the most critical period immediately after 
ROSC; this can be studied after OHCA only if inspired oxy-
gen concentrations are modified in the prehospital phase. 
Two such studies have been completed; one showed that 
most patients had acceptable oxygenation when ventilated 
with 30% oxygen compared with 100% oxygen [55], but the 
other was terminated early because of low blood oxygen 
values in the titrated oxygen group and a high frequency 
of unreliable pulse oximeter readings [56]. A phase 3 study 
involving titration of oxygen to a target SpO2 of 90–94% as 
soon as possible after ROSC will soon start recruiting.

Cerebral vascular resistance is increased in the early 
post-resuscitation phase and hypocapnia may exacer-
bate cerebral ischaemia [57]. Hypercapnia might increase 
blood flow to ischaemic brain and two observational 
studies have documented an association between mild 
hypercapnia and better neurological outcome among 
post-cardiac arrest patients. A phase  2 study compar-
ing mild hypercapnia with normocapnia in 50 post-
cardiac arrest patients documented a lesser increase 
in neuron-specific enolase (NSE) values in the hyper-
capnia group [58]. A phase  3 study involving allocation 
to either normal CO2 or mild hypercapnia [6.6–7.3  kPa 
(50–55 mmHg)] as soon as possible after ICU admission 
will soon start recruiting.

Targeted temperature management after return 
of spontaneous circulation
Trials have not explored systematically whether spe-
cific subgroups of post-cardiac arrest patients ben-
efit from temperature management. For example, lower 
temperatures can reduce the incidence of seizures, 
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reduce intracranial pressure (ICP) and minimise cer-
ebral oedema in other conditions albeit with complex 
effects on patient outcome. TTM at less than 37  °C 
might benefit only patients with seizures, elevated ICP 
or cerebral oedema. Furthermore, most TTM studies 
enrolled OHCA patients and few data support TTM for 
IHCA patients who have quite different aetiologies and 
comorbidities.

Optimum timing and duration of hypothermia are 
unknown and we lack information from systematic meta-
analyses of the extensive data from animal experiments. 
Efforts to reduce temperature quickly using cold intra-
venous fluid in the prehospital setting did not improve 
outcome and increased side effects [59]. In laboratory 
studies, lower temperature during ischaemia and fast 
cooling reduce brain injury, but no current technology 
can deliver TTM sufficiently rapidly for clinical trials of 
intra-arrest hypothermia; moreover, those patients easi-
est and fastest to cool are those with the most severe rep-
erfusion injury [4], which complicates interpretation of 
clinical data. No trials have tested the optimum duration 
of TTM, but some trials are ongoing. Future trials could 
test titration of TTM duration based on physiological 
responses or the extent of the reperfusion injury; it is 
probably not a case of ‘one size fits all’. The TTM-2 trial 
will compare comatose post-OHCA patients treated with 
temperature control at 33 °C versus standard care avoid-
ing fever (≤37.8 °C) (NCT02908308).

Selection of patients for early coronary angiography
In resuscitated patients with ST-segment elevation (STE) 
on the post-ROSC ECG, an invasive strategy is widely 
and routinely applied because an acute coronary occlu-
sion is most often the cause of the arrest and because 
early coronary revascularisation is associated with a sig-
nificant clinical benefit. However, up to two-thirds of 
resuscitated OHCA patients do not have evidence of STE 
on the post-ROSC ECG. Previous studies have reported 
variable rates of acute coronary occlusion in these non-
STE patients, ranging between 21% and 53% [60]. Ret-
rospective studies of an immediate invasive strategy in 
non-STE patients resuscitated from OHCA have docu-
mented contradictory results [61, 62]. Furthermore, this 
early invasive strategy is associated with multiple logisti-
cal and organisational challenges, and any outcome ben-
efit in these patients is unproven. Several ongoing studies 
are comparing urgent versus delayed coronary angiog-
raphy in resuscitated OHCA patients without STE on 
their ECG (e.g. NCT02309151 and NCT02387398). Pre-
vention of stent thrombosis is another concern because 
of a higher risk of acute and subacute stent thrombosis 
in resuscitated patients compared with other settings. 

Pharmacokinetic changes related to hypothermia treat-
ment and shock may also contribute to this higher risk 
[63].

New neuroprotective agents
Despite promising experimental results, recent clini-
cal studies failed to demonstrate neuroprotective effects 
of treatments [34–36]. However, many other drugs have 
been tested in animal models over the last 10  years 
including sodium nitrites, epoxide hydrolase inhibi-
tors, caspase inhibitors, endocannabinoids, sodium 
and hydrogen sulfides, glutamate inhibitors, selenium 
and coenzyme Q10. Among these treatments, the use 
of inhaled noble gases (argon, helium and particularly 
xenon) is probably one of the most exciting ongoing 
research programs. The neuroprotective properties of 
xenon have been established in animal studies and are 
especially evident when combined with mild hypother-
mia. A randomized phase  2 clinical trial showed that 
inhaled xenon combined with hypothermia resulted in 
less white matter damage as measured by fractional ani-
sotropy of diffusion tensor MRI (as compared with hypo-
thermia alone) [64]. However, there was no statistically 
significant difference in neurological outcomes or mor-
tality at 6 months. A large randomised clinical trial of this 
therapy is required.

Prognostication
Current prognostication guidelines need prospective 
validation [65]. A combination of multiple predictors in a 
multimodal approach may increase accuracy and should 
be investigated. To adequately account for self-fulfilling 
prophecy, future prognostication studies should report in 
detail the criteria for withdrawal of life-sustaining treat-
ment (WLST), with the treating team blinded to the test 
results whenever possible. The sensitivity and accuracy 
of prognostication might be increased by combining pre-
dictors but this needs confirmation by large prospective 
studies. Current evidence is based mainly on prediction 
of poor neurological outcome; however, identification of 
patients destined for a favourable outcome is also impor-
tant to avoid inappropriate WLST.

The presence of early myoclonus after cardiac arrest is 
less accurate as a predictor of poor outcome than previ-
ously thought [66]. The nature and the clinical character-
istics of post-anoxic myoclonus are insufficiently known 
and need investigation. Moreover, the definition of sta-
tus myoclonus is inconsistent in the literature and needs 
standardisation.

Malignant EEG patterns provide reliable informa-
tion on prognosis. In future prognostication studies, 
interpretation of the EEG should comply with recent 
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recommendations [67, 68]. The term ‘status epilepticus’ 
is used inconsistently and should be avoided in assess-
ing prognosis. EEG patterns evolve during the first days 
after cardiac arrest and the optimal timing for outcome 
prediction after cardiac arrest using specified patterns 
including burst-suppression needs to be investigated.

High serum concentrations of biomarkers are asso-
ciated with false positive rates close to 0% in cardiac 
arrest patients; however, the thresholds used in the 
reports are inconsistent. This is partly because measur-
ing techniques vary among studies, and it is an obstacle 
to widespread clinical implementation of biomarkers for 
prognostication.

Evidence from imaging studies in comatose survivors 
of cardiac arrest is limited by small sample size and likely 
selection bias. Larger prospective studies are needed to 
confirm the results of the published studies. The sever-
ity of brain CT and MRI changes after cardiac arrest will 
need a standardised description, e.g. using scoring sys-
tems like those used for traumatic brain injury.

There is limited evidence on time to awakening in post-
arrest comatose patients and the factors affecting this 
process apart from sedation [69]. Early identification of 
late awakeners would help establish the optimal timing 
for neuroprognostication and reduce the risk of inappro-
priate WLST in these patients.

Rehabilitation
Until recently, rehabilitation of cardiac arrest survi-
vors has been largely neglected and structured follow-
up performed mainly to collect data for clinical studies. 
Knowledge about highly relevant outcomes, such as 
socio-economic status and level of societal participa-
tion, is still limited. This is particularly problematic in 
the design of rehabilitation studies where increased par-
ticipation is commonly the goal. In the only randomised 
study on the effects of a rehabilitation intervention pub-
lished to date, Dutch investigators showed a more rapid 
return to work and better quality of life after cardiac 
arrest using a structured follow-up program [70].

Although brain injury is the major concern for resus-
citated patients, remarkably few survive with severe 
neurological disability. One obvious reason is WLST for 
patients with presumed poor prognosis; an alternative 
explanation is that the commonly used outcome meas-
ures are too crude to identify effects of mild–moderate 
brain injury. More detailed cognitive testing has revealed 
that approximately half of the survivors have some cog-
nitive disability [71]. However, the causal relationship 
between mild–moderate cognitive dysfunction and 
the cardiac arrest is not straightforward and a disease-
matched control group with myocardial infarction had 
similar levels of cognitive difficulties as the cardiac arrest 

patients [71]. The common denominator is likely the car-
diovascular burden leading to myocardial infarction and 
cardiac arrest but also to vascular cognitive impairment, 
a chronic process rarely considered in the resuscitation 
literature. Cognitive impairment may decrease compli-
ance with secondary preventive measures, which is of 
importance since most cardiac arrest patients eventually 
die from a cardiovascular cause [72].

Study design
Randomised controlled trials, the gold standard in study 
design, should form part of a pathway of evaluation 
from proof of concept to confirmation in clinical prac-
tice. Animal and laboratory studies provide mechanistic 
insights leading to a better understanding of the patho-
physiology and effects of therapeutic interventions. Proof 
of concept can be extended from the bench to bedside 
through high-quality observational studies and clinical 
efficacy trials. Efficacy trials (also known as explanatory 
trials) examine interventions under ideal and controlled 
circumstances and may have intermediate outcomes 
such as ROSC.  Effectiveness (also known as pragmatic) 
trials seek to evaluate interventions in real-life settings 
and focus on longer-term outcomes. Some commenta-
tors argue that the inclusion of patients with consist-
ently poor outcome (e.g. those with an initial monitored 
rhythm of asystole randomised before ROSC) in such 
pragmatic trials dilutes any potential benefit of the ther-
apy under investigation [73]. ILCOR is developing a core 
outcome set for use in cardiac arrest (COSCA). The tran-
sition from efficacy to effectiveness trials is a continuum 
rather than dichotomy. New approaches to clinical trial 
design (e.g. personalised medicine, adaptive trial design 
and registry-based trials) may improve efficiency, reduce 
cost and produce meaningful results for the resuscitation 
community and patients.
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