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Abstract (no more than 150 words) 

Sudden out of hospital cardiac arrest is the most time critical medical emergency.  In this expert 

opinion and literature review, we consider important issues in the pre-hospital management of 

cardiac arrest. Successful resuscitation is reliant on a strong chain of survival drawn from the 

community, dispatch center, ambulance and hospital working together.  Early cardiopulmonary 

resuscitation  and defibrillation has the greatest impact on survival.  If the community response 

does not restart the heart, resuscitation is continued by emergency medical services staff.  There 

is uncertainty about the best approaches for airway management and the effectiveness of current 

drug treatments. Prognostic factors and termination of resuscitation rules may guide the duration 

of a resuscitation attempt and decision to transport to hospital.  If return of spontaneous 

circulation is achieved, the focus of treatment shifts to stabilization, restoring normal 

physiological parameters and transporting to hospital for on-going care. 
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Introduction  

Out of hospital cardiac arrest (OHCA) is a global health problem, with survival rates varying 

greatly between communities (1, 2).  The chain of survival provides a useful concept to 

understand differences in pre-hospital emergency care systems that result in such variations in 

survival (3). Survival of OHCA patients requires a coordinated set of actions including 

immediate recognition of cardiac arrest and activation of the emergency response system, early 

cardio-pulmonary resuscitation (CPR), rapid defibrillation, effective advanced life support and 

integrated post–cardiac arrest care. The chain of survival encompasses the community, 

emergency medical dispatch, ambulance and hospital based services. Much medical literature 

has been focused on hospital and advanced life support treatments relative to community and 

basic life support (BLS) issues (see figure 1). However in recent years, there has been increasing 

recognition of the importance of BLS, the role of the community, and the key function of 

emergency medical dispatch in coordinating bystander CPR, early defibrillation and how this 

impacts survival (4) (5).  

 

Figure 1: Current relative emphasis versus survival impact of elements in the chain of survival 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Search strategy and selection criteria 

In this expert opinion review, we consider the pre-hospital management of OHCA and important 

issues in the pre-hospital resuscitation of OHCA victims, with a focus on the first links in the 

chain-of-survival. We searched the Cochrane Library (2001-2017), MEDLINE (2001-2017), and 

EMBASE (2001-2017). We used the search terms “cardiac arrest” or “resuscitation” in 

combination with “dispatch”, “ambulance”, “pre-hospital” emergency medical services”, 

“defibrillation” or “cardio-pulmonary resuscitation”. We largely selected publications in the last 

10 years, but did not exclude commonly referenced older publications. We also searched the 

reference lists of articles identified by this search strategy and selected those we judged relevant. 

Our reference list was modified on the basis of comments from peer reviewers 
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Role of the community working with dispatch The earlier CPR is started, the more likely that 

chances of survival for OHCA will be improved (6). In an Ontario, Canada study, the OPALS 

investigators concluded that bystander CPR was the most important modifiable factor for OHCA 

survival, odds ratio 2.98 (95% confidence interval 2.07 to 4.29)(4). The bystander is the ideal 

person to start initial resuscitation efforts as the response would be almost immediate upon 

witnessing an OHCA event. Also, the witness to an OHCA is likely to be a family member or 

acquaintance of the victim, and thus would be the person most motivated to assist (7). 

Conventional strategies to improve bystander CPR rates require a concerted public health effort 

to educate and train the population to perform CPR. These strategies including making learning 

CPR mandatory in schools and for obtaining a driver’s license for example. In general they are 

labor intensive and require a long term approach to see positive outcomes. It is also a relatively 

costly strategy, considering the large number of people that would need to be trained in order to 

see any improvement in bystander CPR rates (8). Despite large-scale training efforts in 

communities, reported bystander CPR rates have historically remained relatively low. The 

reasons for this include difficulty in identifying cardiac arrest, fear of causing harm, emotional 

distress, and reluctance to perform mouth-to-mouth resuscitation(9).   

The dispatch center (also known as the ‘control room’ or ‘call center’) plays a central role in the 

co-ordination of OHCA response (Figure 2). In many ways, it is the ‘brain’ of Emergency 

Medical Services (EMS) and determines the subsequent dispatch of resources and response to an 

OHCA.  

Figure 2: Systems approach to improving cardiac arrest survival
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Dispatcher-assisted CPR (DA-CPR) is an attractive intervention to increase CPR rates and 

survival (10). When a bystander calls the emergency medical response number (for example, 995 

in Singapore) to request for help, this creates an opportunity for early identification of OHCA 

and provision of bystander CPR(11). The medical dispatcher is thus the true ‘first responder’ at 

the scene, and can be key to prompt recognition of cardiac arrest and initiation of bystander CPR. 

This requires proper training of dispatchers to ask the right questions, manage the emotional state 

of the caller and give clear instructions in the form of dispatcher-assisted CPR instructions. 

Giving ‘just-in-time education’ over the telephone can provide callers with step-by-step 

instructions on how to perform CPR. 

DA-CPR programs have shown they can nearly double the rate of bystander CPR performed 

(12). Change in protocols to compression-only CPR DA-CPR have made giving instructions 

simpler for rescuing adults in sudden cardiac arrest (13). Dispatch-assisted compression-only 

CPR has been shown to result in less delay in starting CPR, higher participation and better 

outcomes in early cardiac arrest (14). The experience in Singapore has been that a 

comprehensive DA-CPR program which included dispatcher training focusing on 

communication/persuasion, review of audio recordings of all OHCA calls, giving feedback to 

dispatchers and public education on DA-CPR has resulted in doubling of bystander CPR rates 

with increase in survival (15). 

Problems with recognition of cardiac arrest by the public and the dispatcher 

One of the main barriers to timely initiation of EMS response and initiation of CPR is difficulty 

recognizing OHCA by the public, and similarly challenges for dispatchers to diagnose OHCA 

over the telephone (16). In particular, a patient in cardiac arrest may still have gasping 

movements, due to agonal breathing that may be misinterpreted as normal respiration(12). This 

has led to the development of ‘No, No, Go’ protocols by pioneering EMS systems such as 

Seattle, USA (17) which have been increasingly adopted. These protocols emphasize deliberate 

initiation of DA-CPR instructions if the response to 2 initial questions is ‘No’: ‘Is the person 

conscious?’ and ‘Is the person breathing normally?’. Such protocols have been able to 

dramatically increase the rate of bystander CPR (18). However such protocols also increase the 

likelihood that a person who is not in cardiac arrest might receive chest compressions, although 

in practice this has not resulted in any reported adverse outcomes. In the near future, video 

assisted dispatch technologies might be able to enhance the ability of dispatcher to recognise 

OHCA.   

Public education and community CPR/AED training 

CPR: Cardiopulmonary resuscitation; EMS: Emergency medical services 

995: Emergency response number in Singapore 
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There has been increasing understanding that prompt CPR and defibrillation is important for 

OHCA survival, regardless of who performs it (19).  Reducing ambulance response times is 

challenging for most EMS systems, and may not be a cost-effective policy to improve survival 

(20).   Simplified training programs have shown potential to reach a larger audience and actively 

recruit lay persons into community efforts. For example a large public campaign focusing on 

compression only CPR in Arizona was successful in increasing bystander CPR rates as well as 

survival (21). The aim should not be to dilute the quality of CPR training, but to extend the reach 

into the community to build a ‘pyramid of responders’ (Figure 3).  

Figure 3: Building a pyramid of first responder preparedness* 

 

 

 

Public access defibrillation strategies 

The key challenge to improve public access defibrillation strategies is how to link willing lay 

responders to public access defibrillators. Just installing public-access AEDs without an 

emphasis on linking them to responders may not improve survival.  However community wide 

programs, for example in Japan (19) , that integrate public training on CPR with increased access 

to AEDs, have been able to increase odds of neurologically intact survival.   

While cost is still a potential barrier to dissemination of AEDs, strategic placement of AEDs may 

be a more pressing issue.  For example, Folke et al (16) estimated that for the city of 

Copenhagen, 1104 AEDs would be required to cover 67% of arrests with the cost per quality-

adjusted life year (QALY) gained being USD $40,900 (22).  However this cost could possibly be 

reduced with use of smart technologies to link existing AEDs with lay responders. 

CPR: Cardiopulmonary resuscitation; AED: Automated external defibrillator 

* All training programs referred to include hands on practice and not just exposure 

to theory 
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Smart technologies for activation of lay responders  

One exciting development in recent years has been the potential of smartphone technology to 

‘amplify’ the impact of volunteer first responders and public AEDs. Building a national registry 

of AEDs and making it available to the public is a crucial pre-requisite for success. Ringh et al 

was able to use mobile-phone positioning to alert volunteers to significantly increased rates of 

bystander-initiated CPR for OHCAs (23).  Smartphone technology can help locate the OHCA 

victim and the nearest AED.  In a world where smartphones become increasingly common, 

application of this technology could be a potential ‘game changer’.  Another interesting 

possibility in the near future is using AEDs mounted on drones to send to bystanders performing 

CPR (24). 
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Decision to resuscitate  

Early descriptions of resuscitation described its application for “hearts that are too good to die” 

(25).  Resuscitation started promptly in such cases has the greatest chance of success. If 

resuscitation efforts are delayed (as often occurs in an un-witnessed cardiac arrest or when no 

bystander CPR is provided), the chances of successful resuscitation are substantially reduced.  

Resuscitation in situations where a patient is reaching the end of their natural life may prolong 

suffering with little chance of leading to overall benefit. 

There are differences in international approaches to the decision to commence or continue 

resuscitation.  In many, but not all settings, resuscitation will be withheld if there is evidence of 

irreversible death (e.g. rigor mortis, dependent lividity (hypostasis), un-survivable injuries) (26).  

In some countries, adverse prognostic factors (e.g. un-witnessed cardiac arrest, no bystander 

CPR for more than 15 minutes, asystolic rhythm and absence of a potentially reversible cause 

(e.g. hypothermia)) may lead to resuscitation being withheld (27). In other countries resuscitation 

would be provided in such circumstances (28).   In some jurisdictions, advanced decisions to 

withhold resuscitation may be recorded prior to a cardiac arrest (29, 30).  

 

EMS response and interventions (including Pharmacotherapeutic interventions)  

Resuscitation efforts by health care professionals usually follow the generic principles of the 

Universal Treatment Algorithm (31).  After confirming cardiac arrest by identifying the absence 

of normal breathing (and absence of a central pulse for those experienced in central pulse 

palpation), chest compressions (5-6cm depth, rate 100-120 min-1, minimal interruptions) are 

delivered while cardiac monitoring is established (Figure 4) (32).  If the initial rhythm is 

ventricular fibrillation or ventricular tachycardia, defibrillation is attempted followed by 

immediate resumption of chest compressions. For non-shockable rhythms (pulseless electrical 

activity and asystole) chest compressions are continued.  Prior to securing the airway, chest 

compressions are paused every 30 compressions to allow the delivery of 2 ventilations (33, 34). 

Once the airway is secured continuous chest compressions with intermitted ventilations are 

recommended (34). 

 

Figure 4: Advanced life support treatment algorithm   
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There is controversy about the optimal approach to airway management in OHCA.  

Observational studies have produced conflicting results when comparing basic (e.g. bag-valve-

mask) with advanced airways (e.g. intubation, supraglottic airways) (35-37).  The training and 

experience of the operator undertaking airway management is likely to be a significant 

contributing factor (38). The recently completed AIRWAYS 2 and PARC trials will provide 

valuable information on the optimal approach to airway management in out of hospital cardiac 

arrest.   

Use of drugs has featured in cardiac arrest algorithms since their inception.  Two land mark 

studies found no evidence that drugs improved outcomes. The Ontario Pre-hospital Advanced 

Life Support (OPALS) study examined outcomes before and after the introduction of advanced 

resuscitation techniques (intubation and drugs) (39). The study found no evidence of improved 

survival (5.0% versus 5.1%, P=0.83) or favourable neurological outcome (3.9% versus 3.4%, 

P=0.73). Olasveengen et al randomized 916 patients to resuscitation with intravenous drugs or 

without intravenous drugs (40).  Patients allocated to the intravenous drug arm had a higher rate 

or ROSC (OR 1.99, 95% CI, 1.48-2.67) but no difference in survival (OR 1.16, 95% CI 0.74-

1.82) or survival with favourable neurological outcome (OR 1.24, 95% CI, 0.77-1.98). 

Adrenaline is often given to patients in shockable rhythms which are refractory to attempted 

defibrillation and to those in non-shockable rhythms.  The rationale for administration is that it 

increases aortic diastolic pressure and improves coronary perfusion.  Experimental studies, 

however, suggest that it may impair cerebral blood flow and increases ventricular arrhythmias 

and induce myocardial dysfunction after ROSC (41).  Early resuscitation algorithms 

recommended administration of 0.5mg intracardiac or 10mg intravenously (42).  Subsequent 

randomized controlled trials found no benefit to high dose adrenaline leading to the dose being 

reduced to 1mg every 3-5 minutes (43).  Jacobs et al compared 1mg adrenaline every 3-5 

minutes with placebo in a randomized controlled trial in Australia (44).  The trial recruited 601 

adults with out of hospital cardiac arrest of any cause, where resuscitation was commenced by 

paramedics.  The trial faced recruitment challenges meaning that when it closed it had only 

recruited 10% of the intended sample size.  The study found evidence of improved return of 

spontaneous circulation (OR 3.4, 95% CI 2.0 to 5.6) but no difference in long term survival (OR 

2.2, 95% CI 0.7 to 6.3).  The PARAMEDIC2 trial, which compared 1mg adrenaline every 3-5 

minutes with placebo closed to recruitment in October 2017 will provide further information 

about the safety and effectiveness of adrenaline (45). 

The potent vasopressor, vasopressin, has been studied as an alternative or adjunctive treatment to 

adrenaline for cardiac arrest.  Meta-analysis of trials which in total enrolled over 6000 patients 

found no improvement in outcomes compared to treatment with adrenaline (43, 46), prompting 

the International Liaison Committee on Resuscitation (ILCOR) to recommend against its routine 

use in cardiac arrest (47).      
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Anti-arrhythmic drugs are recommended when initial attempts at defibrillation fail to achieve 

return of spontaneous circulation. The randomized controlled Amiodarone or Lidocaine or 

Placebo Study (ALPS) treated 3026 patients with shock refractory OHCA. Although there was 

no difference in the primary outcome of survival to discharge or favourable neurological 

outcome in the overall trial population, outcomes were better in those who received drugs if the 

cardiac arrest was witnessed by a bystander or EMS. For bystander witnessed cardiac arrest, 

compared to placebo, survival rates were 5% (95% CI, 0.3 to 9.7) higher in the amiodarone 

group and 5.2% (95% CI 0.5 to 9.9) higher in the lidocaine group.  There was no difference 

between amiodarone and lidocaine (48).  The special formulation of amiodarone used in this trial 

which causes less hypotension, is not widely available which limits the generalizability of this 

aspect of the study findings.   

Manual versus mechanical cardiopulmonary resuscitation 

High quality CPR is critical for optimal outcomes from cardiac arrest, yet it is physically 

demanding and difficult to sustain.  Mechanical chest compression devices automate the process 

and deliver consistent, high quality chest compressions.  Two devices have been evaluated in 

large, multicenter pre-hospital clinical trials which enrolled 12,206 patient with out of hospital 

cardiac arrest (49). The Autopulse device (Zoll Medical, Chelmsford, MA, USA) consists of a 

load distributing band which encircles the patients chest and squeezes it against a rigid 

backboard. The LUCAS device (Physio-Control Inc/ Jolife AB, Lund, Sweden) uses a piston and 

suction cup to deliver compressions with active recoil.  None of the trials individually or when 

combined in meta-analyses found improved rates of return of spontaneous (OR 0.96, 95% CI 

0.85, 1.10), survival at hospital discharge/ 30 days (OR 0.89, 95% CI 0.77, 1.02), or favourable 

neurological outcome (OR 0.76, 95% CI 0.53, 1.11).(50)  These findings led ILCOR to 

recommend against the routine use of mechanical chest compression devices (47).  

Despite the absence of benefit from strategies which routinely deploy mechanical chest 

compression in out of hospital cardiac arrest, there remain situations where manual chest 

compressions are either not possible or hazardous where it is reasonable to consider mechanical 

CPR.  Examples include during land ambulance / helicopter transfer to hospital, during 

percutaneous coronary interventions and as a bridge to advanced therapies (e.g. Extracorporeal-

CPR).  Mechanical CPR has also been used to maintain organ perfusion when resuscitation has 

been unsuccessful prior to organ donation.  If mechanical CPR is deployed it is important that 

interruptions to chest compressions are kept to a minimum (< 10-20 seconds).  Training 

resuscitation teams in a pit-stop approach, with a focus on non-technical skills can substantially 

reduce interruptions to CPR during deployment (51). 
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Refractory arrest: transport or termination of resuscitation? 

There are no absolute rules on the optimal duration of resuscitation. Factors associated with better 

outcomes (e.g. witnessed arrest, initial shockable rhythm, bystander CPR), presence of potentially 

reversible causes may guide clinicians to continue with resuscitation efforts for longer. In a recent 

analysis, the elapsed duration at which the probability of survival fell below 1% was 48 and 15 

min in the shockable and non-shockable groups, respectively (52). A secondary analysis of 11,368 

cases of OHCA from the US ROC-PRIMED (Resuscitation Outcomes Consortium Prehospital 

Resuscitation Using an Impedance Valve and Early Versus Delayed) identified that that with 

conventional resuscitation, 90% of patients with good outcome achieved initial ROSC within 20 

minutes and 99% within 37 minutes (53). There were no survivors with favourable neurological 

outcome where ROSC occurred after 47 minutes.  Similar observations were made in a Japanese 

registry study involving 282,183 bystander witnessed OHCA cases (54). 

Over the last decades, it became necessary to provide clinical prediction rules for the termination 

of resuscitation for avoiding futile transports. Consequently, several teams have developed and 

prospectively tested unequivocal termination of resuscitation (TOR) rules, which may be applied 

by prehospital healthcare providers even in the absence of a physician. 

When to stop initial resuscitation efforts? 

The TOR rules were originally developed to guide basic life support (BLS) prehospital providers 

in selection of victims in whom continued resuscitation and transport to hospital would be futile 

(55). Since then, the BLS TOR Guideline has been prospectively and externally validated in a 

number of studies using both basic and advanced life support providers and is commonly referred 

to as the “Universal TOR Guideline” (56-58). The Universal BLS TOR Guideline states that 

resuscitation can be discontinued in the field by prehospital providers if the following three criteria 

are met: (1) the cardiac arrest was not witnessed by EMS providers; (2) the patient did not obtain 

a ROSC despite attempted resuscitation; and (3) no shocks were delivered (i.e. not a shockable 

rhythm) at any time prior to transport. A prospective validation of the Universal BLS TOR 

Guideline displayed an excellent specificity and positive predictive value for predicting futility, 

while reducing the transport rate to 46% of attempted resuscitations by EMS (56). In addition to 

the Universal BLS TOR Guideline, a Universal ALS TOR rule has been developed for use by 

responders providing ALS.  The ALS TOR Guideline adds 2 criteria to the BLS rule: arrest not 

witnessed by bystander; and no bystander-administered CPR (Table 1). In a large validation study, 

it has been established that that both rules accurately identified patients with OHCA who were 

unlikely to benefit from prolonged CPR and transport to the hospital for further attempts at 

resuscitation (58). Using these rules to guide decisions to stop resuscitative efforts may 

substantially decrease the rate of futile emergency EMS transports without appreciably worsening 

the rate of survival. Lastly, when considering abandoning the resuscitation attempt, a factor that 

may need to be taken into account is the possibility of prolonging CPR and other resuscitative 

measures to enable organ donation to take place.  
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Table 1. Basic Life Support and Advanced Life Support Termination-of-Resuscitation Rules 

Basic Life Support Advanced Life Support 

Event not witnessed by emergency medical 

services personnel 

Event not witnessed by emergency medical 

services personnel 

No automated external defibrillator used or 

manual shock applied in out- of-hospital setting 

No automated external defibrillator used or 

manual shock applied in out- of-hospital setting 

No return of spontaneous circulation in out-of-

hospital setting 

No return of spontaneous circulation in out-of-

hospital setting 

 Arrest not witnessed by bystander 

 No bystander-administered cardio- pulmonary 

resuscitation 

 

When to transport a refractory cardiac arrest? 

Extracorporeal CPR (E-CPR) is being used increasingly when conventional resuscitation efforts 

fail to achieve ROSC with encouraging results (59). There are several ongoing randomized studies 

that compare ECPR to conventional CPR in order to determine if this is an effective strategy in 

refractory CA (60). Interestingly, one of these ongoing trials aims to show that the ECPR can be 

provided on the resuscitation scene, outside the hospital (NCT 02527031) (61).  

 

Whatever the technique employed, the decision to establish E-CPR should be made early (within 

10 minutes) and only in patients in whom there is a reasonable chance of neurological recovery 

(26) using simple criteria: 

• Witnessed arrest; 

• CPR provided by witness; 

• VT/VF as presenting rhythm; 

• Presumed reversible cause (e.g., cardiac, toxic, hypothermia); 

• No evidence for severe underlying condition; 

• Available mechanical CPR device. 

 

Early activation of the process is essential for decreasing the delay to ECPR. Most impressive 

results of the ECPR strategy have been observed in case series of patients in whom it has been 

possible to start the mechanical assistance in a median delay of 64 minutes after the OHCA (62).  

 

Optimizing post resuscitation care 

 

Guidelines from European Resuscitation Council (ERC) and European Society of Intensive Care 

Medicine (ESICM) (Nolan ICM 2015) provide information on how to optimize the management 

of the post-resuscitation syndrome. The post-resuscitation care should start at the location where 

ROSC is achieved. The most important pre-hospital points are circulatory, respiratory and 
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temperature management. In parallel, all efforts should be made to allocate an adequate orientation 

toward the most adapted receiving center. 

Circulation  

Shock is very common in the post-resuscitation period, resulting from the combination of a 

transient myocardial dysfunction and a vasoplegia phenomenon caused by the whole-body 

ischemia reperfusion (63). Fluids, noradrenaline, with or without dobutamine, are usually the most 

effective treatments. Infusion of relatively large volumes of fluid is tolerated remarkably well by 

patients with post-cardiac arrest syndrome. In the most severe patients with a refractory shock, it 

might be useful to consider the implantation of a mechanical circulatory assistance as recent 

encouraging results were reported (20). Importantly, finding and treating the cause of the arrest is 

of major importance for controlling the post-resuscitation shock.  

Temperature control  

Currently, it is strongly recommended to provide a targeted temperature management (TTM) by 

maintaining during at least 24 hours a constant, target temperature between 32°C and 36°C (64). 

The supporting evidence is based on experimental animal data, non-randomised clinical studies 

and two small randomized trials. Furthermore, this mostly applies to comatose adults after OHCA 

with an initial shockable rhythm, while the indication is debated in patients with an initial non-

shockable rhythm.  

Whether it might be useful to start the TTM during transport was mostly examined in several 

clinical studies in which cold intravenous fluids were administered after ROSC to induce 

hypothermia (11, 23, 65-67). Although decreasing the mean core temperature on admission and 

reducing the time to achieve the targeted temperature, this intervention did not prove its benefit 

and was associated with significantly increased incidence of adverse events (11). Based on this 

evidence, prehospital cooling using a rapid infusion of large volumes of cold intravenous fluid 

immediately after ROSC is not recommended.  

Ventilation  

A vast majority of patients with ROSC will require endotracheal intubation and mechanical 

ventilation. A particular attention must be paid to ventilator settings. Avoiding hypoxaemia is the 

main goal, but considering the evidence of harm after myocardial infarction (68) and the possibility 

of increased neurological injury after cardiac arrest (69, 70), it is recommended to titrate the 

inspired oxygen concentration to maintain the arterial blood oxygen saturation in the range of 94–

98%. Since the level of arterial pressure in CO2 may influence cerebral blood flow, both 

hypocapnia and hypercapnia should be avoided by adjusting tidal volumes and respiratory rate. 

Adjustment of ventilation to achieve normocarbia can be facilitated by monitoring the end-tidal 

CO2 during transport. 
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Triage and orientation 

Many resuscitated patients will develop a post-resuscitation disease, requiring ICU admission and 

life-sustaining therapies. In addition, finding and treating the cause of the arrest is a priority that 

may be difficult to ensure in all primary care centers. When there is an evidence for a coronary 

cause, as reflected by ECG pattern and/or prodromes, it is highly recommended to dispatch these 

patients toward an available cath lab (71). In this population, nearly all clinical data converge in 

indicating a benefit associated with early coronary reperfusion (72). Since the publication of the 

pioneering study (73), several studies have shown that immediate cardiac catheter laboratory 

evaluation, with early percutaneous coronary intervention (PCI) when indicated, is associated with 

a better outcome, including survival and neurological recovery(74) . In patients with no clinical 

nor electrical evidence for a coronary cause, the benefit of the early invasive strategy is debated 

and the answer will probably come from the several ongoing trials (DISCO, EMERGE, COACT, 

TOMAHAWK) examining this issue. In these patients, early identification of a respiratory or 

neurological cause would enable transfer of the patient to a specialized ICU for optimal care and 

may help in prognosis assessment and treatment indications (75). In comatose patients, a careful 

prognostication process is recommended, which should be based on multimodal evaluation (76). 

Withdrawing life-sustaining therapy because of perceived poor neurological prognosis (WLST-N) 

is a common cause of hospital death after OHCA. Although current guidelines recommend against 

withdrawing life-sustaining therapy before 72 hours, this practice is common and may increase 

mortality (77). 

 

 

  



15 
 

Acknowledgements 

The authors would like to acknowledge the contributions by Dr Andrew Fu Wah Ho and Ms Pek 

Pin Pin in the literature review and preparation of this manuscript. Credit to Dr Charles Deakin 

for the concept depicted in Figure 1. 

 

Conflict of interest statement 

MEHO is currently Scientific Advisor to Global Healthcare SG and TIIM SG, and holds patents 

related to using Heart Rate Variability and Artificial Intelligence for medical monitoring. He has 

no direct conflicts relating to sections written by him. GDP received support as a National 

Institute of Health Research (NIHR) Senior Investigator and has led studies relating to quality of 

CPR, mechanical CPR and drugs in cardiac arrest funded by NIHR.  He has volunteer roles with 

UK and European Resuscitation Councils and the International Committee for Resuscitation. A 

Cariou received fees for lectures from Bard and Astra Zeneca. He has no direct conflicts relating 

to sections written by him 

 

 

 

 

 

 

 

 

  



16 
 

References 

1. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP, et al. 

Regional variation in out-of-hospital cardiac arrest incidence and outcome. JAMA. 2008 Sep 

24;300(12):1423-31. PubMed PMID: 18812533. eng. 

2. Ong ME, Shin SD, De Souza NN, Tanaka H, Nishiuchi T, Song KJ, et al. Outcomes for 

out-of-hospital cardiac arrests across 7 countries in Asia: The Pan Asian Resuscitation Outcomes 

Study (PAROS). Resuscitation. 2015 Nov;96:100-8. PubMed PMID: 26234891. 

3. Cummins RO, Ornato JP, Thies WH, Pepe PE. Improving survival from sudden cardiac 

arrest: the "chain of survival" concept. A statement for health professionals from the Advanced 

Cardiac Life Support Subcommittee and the Emergency Cardiac Care Committee, American 

Heart Association. Circulation. 1991 May;83(5):1832-47. PubMed PMID: 2022039. 

4. Stiell IG, Wells GA, DeMaio VJ, Spaite DW, Field BJ, 3rd, Munkley DP, et al. 

Modifiable factors associated with improved cardiac arrest survival in a multicenter basic life 

support/defibrillation system: OPALS Study Phase I results. Ontario Prehospital Advanced Life 

Support. Annals of emergency medicine. 1999 Jan;33(1):44-50. PubMed PMID: 9867885. eng. 

5. Tanaka H, Ong MEH, Siddiqui FJ, Ma MHM, Kaneko H, Lee KW, et al. Modifiable 

Factors Associated With Survival After Out-of-Hospital Cardiac Arrest in the Pan-Asian 

Resuscitation Outcomes Study. Annals of emergency medicine. 2017 Oct 03. PubMed PMID: 

28985969. 

6. Group THaCAS. Mild Therapeutic Hypothermia to Improve the Neurologic Outcome 

after Cardiac Arrest. New England Journal of Medicine. 2002;346(8):549-56. PubMed PMID: 

11856793. 

7. Gallagher EJ, Lombardi G, Gennis P. Effectiveness of bystander cardiopulmonary 

resuscitation and survival following out-of-hospital cardiac arrest. Jama. 1995 Dec 

27;274(24):1922-5. PubMed PMID: 8568985. 

8. Nichol G, Laupacis A, Stiell IG, O'Rourke K, Anis A, Bolley H, et al. Cost-effectiveness 

analysis of potential improvements to emergency medical services for victims of out-of-hospital 

cardiac arrest. Ann Emerg Med. 1996 Jun;27(6):711-20. PubMed PMID: 8644957. 

9. Dami F, Carron PN, Praz L, Fuchs V, Yersin B. Why bystanders decline telephone 

cardiac resuscitation advice. Acad Emerg Med. Sep;17(9):1012-5. PubMed PMID: 20836786. 

eng. 

10. Rea TD, Eisenberg MS, Culley LL, Becker L. Dispatcher-assisted cardiopulmonary 

resuscitation and survival in cardiac arrest. Circulation. 2001 Nov 20;104(21):2513-6. PubMed 

PMID: 11714643. 

11. Kim F, Nichol G, Maynard C, Hallstrom A, Kudenchuk PJ, Rea T, et al. Effect of 

prehospital induction of mild hypothermia on survival and neurological status among adults with 

cardiac arrest: a randomized clinical trial. Jama. 2014 Jan 1;311(1):45-52. PubMed PMID: 

24240712. 

12. Vaillancourt C, Verma A, Trickett J, Crete D, Beaudoin T, Nesbitt L, et al. Evaluating the 

effectiveness of dispatch-assisted cardiopulmonary resuscitation instructions. Academic 

emergency medicine : official journal of the Society for Academic Emergency Medicine. 2007 

Oct;14(10):877-83. PubMed PMID: 17761545. 

13. Berg RA, Hemphill R, Abella BS, Aufderheide TP, Cave DM, Hazinski MF, et al. Part 5: 

adult basic life support: 2010 American Heart Association Guidelines for Cardiopulmonary 

Resuscitation and Emergency Cardiovascular Care. Circulation. Nov 2;122(18 Suppl 3):S685-

705. PubMed PMID: 20956221. eng. 



17 
 

14. Hallstrom A, Cobb L, Johnson E, Copass M. Cardiopulmonary resuscitation by chest 

compression alone or with mouth-to-mouth ventilation. The New England journal of medicine. 

2000 May 25;342(21):1546-53. PubMed PMID: 10824072. eng. 

15. Harjanto S, Na MX, Hao Y, Ng YY, Doctor N, Goh ES, et al. A before-after 

interventional trial of dispatcher-assisted cardio-pulmonary resuscitation for out-of-hospital 

cardiac arrests in Singapore. Resuscitation. 2016 May;102:85-93. PubMed PMID: 26944042. 

16. Ho AF, Sim ZJ, Shahidah N, Hao Y, Ng YY, Leong BS, et al. Barriers to dispatcher-

assisted cardiopulmonary resuscitation in Singapore. Resuscitation. 2016 Aug;105:149-55. 

PubMed PMID: 27288652. 

17. Hauff SR, Rea TD, Culley LL, Kerry F, Becker L, Eisenberg MS. Factors impeding 

dispatcher-assisted telephone cardiopulmonary resuscitation. Annals of emergency medicine. 

2003 Dec;42(6):731-7. PubMed PMID: 14634595. 

18. Zive D, Koprowicz K, Schmidt T, Stiell I, Sears G, Van Ottingham L, et al. Variation in 

out-of-hospital cardiac arrest resuscitation and transport practices in the Resuscitation Outcomes 

Consortium: ROC Epistry-Cardiac Arrest. Resuscitation. 2011 Mar;82(3):277-84. PubMed 

PMID: 21159416. Pubmed Central PMCID: 3039085. 

19. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A, et al. Nationwide 

public-access defibrillation in Japan. The New England journal of medicine. 2010 Mar 

18;362(11):994-1004. PubMed PMID: 20237345. 

20. de Chambrun MP, Brechot N, Lebreton G, Schmidt M, Hekimian G, Demondion P, et al. 

Venoarterial extracorporeal membrane oxygenation for refractory cardiogenic shock post-cardiac 

arrest. Intensive care medicine. 2016 Dec;42(12):1999-2007. PubMed PMID: 27681706. 

21. Bobrow BJ, Spaite DW, Berg RA, Stolz U, Sanders AB, Kern KB, et al. Chest 

compression-only CPR by lay rescuers and survival from out-of-hospital cardiac arrest. Jama. 

Oct 6;304(13):1447-54. PubMed PMID: 20924010. eng. 

22. Folke F, Lippert FK, Nielsen SL, Gislason GH, Hansen ML, Schramm TK, et al. 

Location of cardiac arrest in a city center: strategic placement of automated external 

defibrillators in public locations. Circulation. 2009 Aug 11;120(6):510-7. PubMed PMID: 

19635969. 

23. Bernard SA, Smith K, Cameron P, Masci K, Taylor DM, Cooper DJ, et al. Induction of 

therapeutic hypothermia by paramedics after resuscitation from out-of-hospital ventricular 

fibrillation cardiac arrest: a randomized controlled trial. Circulation. 2010 Aug 17;122(7):737-

42. PubMed PMID: 20679551. 

24. Boutilier JJ, Brooks SC, Janmohamed A, Byers A, Buick JE, Zhan C, et al. Optimizing a 

Drone Network to Deliver Automated External Defibrillators. Circulation. 2017 Jun 

20;135(25):2454-65. PubMed PMID: 28254836. Pubmed Central PMCID: 5516537. 

25. Editorial. Ventricular fibrillation in hearts too good to die. Journal of the American 

Medical Association. 1959 May 23;170(4):471. PubMed PMID: 13653987. 

26. Bossaert LL, Perkins GD, Askitopoulou H, Raffay VI, Greif R, Haywood KL, et al. 

European Resuscitation Council Guidelines for Resuscitation 2015: Section 11. The ethics of 

resuscitation and end-of-life decisions. Resuscitation. 2015 Oct;95:302-11. PubMed PMID: 

26477419. 

27. Hawkes C, Booth S, Ji C, Brace-McDonnell SJ, Whittington A, Mapstone J, et al. 

Epidemiology and outcomes from out-of-hospital cardiac arrests in England. Resuscitation. 2017 

Jan;110:133-40. PubMed PMID: 27865775. 



18 
 

28. Cheong RW, Li H, Doctor NE, Ng YY, Goh ES, Leong BS, et al. Termination of 

Resuscitation Rules to Predict Neurological Outcomes in Out-of-Hospital Cardiac Arrest for an 

Intermediate Life Support Prehospital System. Prehospital emergency care : official journal of 

the National Association of EMS Physicians and the National Association of State EMS 

Directors. 2016 Sep-Oct;20(5):623-9. PubMed PMID: 27074549. 

29. Perkins GD, Griffiths F, Slowther AM, George R, Fritz Z, Satherley P, et al.  Do-not-

attempt-cardiopulmonary-resuscitation decisions: an evidence synthesis. Health Services and 

Delivery Research. Southampton (UK)2016. 

30. Fritz Z, Slowther AM, Perkins GD. Resuscitation policy should focus on the patient, not 

the decision. BMJ. 2017 Feb 28;356:j813. PubMed PMID: 28246084. Pubmed Central PMCID: 

PMC5330195. 

31. Kloeck W, Cummins R, Chamberlain D, Bossaert L, Callanan V, Carli P, et al. The 

Universal ALS Algorithm : An advisory statement by the Advanced Life Support Working 

Group of the International Liaison Committee On Resuscitation. Resuscitation. 1997;34(2):109-

11. PubMed PMID: 1112. 

32. Perkins GD, Travers AH, Berg RA, Castren M, Considine J, Escalante R, et al. Part 3: 

Adult basic life support and automated external defibrillation: 2015 International Consensus on 

Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment 

Recommendations. Resuscitation. 2015 Oct;95:e43-69. PubMed PMID: 26477428. 

33. Nichol G, Leroux B, Wang H, Callaway CW, Sopko G, Weisfeldt M, et al. Trial of 

Continuous or Interrupted Chest Compressions during CPR. N Engl J Med. 2015 Nov 

9;373(23):2203-14. PubMed PMID: 26550795. 

34. Olasveengen TM, de Caen AR, Mancini ME, Maconochie IK, Aickin R, Atkins DL, et al. 

2017 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular 

Care Science With Treatment Recommendations Summary. Resuscitation. 2017 Nov 08. 

PubMed PMID: 29128145. 

35. Hasegawa K, Hiraide A, Chang Y, Brown DF. Association of prehospital advanced 

airway management with neurologic outcome and survival in patients with out-of-hospital 

cardiac arrest. JAMA. 2013 Jan 16;309(3):257-66. PubMed PMID: 23321764. Epub 2013/01/17. 

36. Shin SD, Ahn KO, Song KJ, Park CB, Lee EJ. Out-of-hospital airway management and 

cardiac arrest outcomes: a propensity score matched analysis. Resuscitation. 2012 

Mar;83(3):313-9. PubMed PMID: 22101202. 

37. McMullan J, Gerecht R, Bonomo J, Robb R, McNally B, Donnelly J, et al. Airway 

management and out-of-hospital cardiac arrest outcome in the CARES registry. Resuscitation. 

2014 May;85(5):617-22. PubMed PMID: 24561079. 

38. Dyson K, Bray J, Smith K, Bernard S, Finn J. A systematic review of the effect of 

emergency medical service practitioners' experience and exposure to out-of-hospital cardiac 

arrest on patient survival and procedural performance. Resuscitation. 2014 Sep;85(9):1134-41. 

PubMed PMID: 24892269. 

39. Stiell IG, Wells GA, Field B, Spaite DW, Nesbitt LP, De Maio VJ, et al. Advanced 

Cardiac Life Support in Out-of-Hospital Cardiac Arrest. The New England Journal of Medicine. 

2004;351(7):647-56. PubMed PMID: 348. 

40. Olasveengen TM, Sunde K, Thowsen J, Steen P, Wik L, editors. Prospective Randomized 

Controlled Trial On The Effects Of Intravenous Drug Administration On Survival To Hospital 

Discharge After Out-of-hospital Cardiac Arrest. Resuscitation Science Symposium; 2008. 



19 
 

41. Perkins GD, Cottrell P, Gates S. Is adrenaline safe and effective as a treatment for out of 

hospital cardiac arrest? BMJ. 2014;348:g2435. PubMed PMID: 24709574. 

42. Safar P BN. Cardiopulmonary Cerebral Resuscitation: Basic and Advanced Cardiac and 

Trauma Life Support: An 

Introduction to Resuscitation Medicine. 3 ed. London/Philadelphia: WB Saunders, Co; 1988. 

43. Lin S, Callaway CW, Shah PS, Wagner JD, Beyene J, Ziegler CP, et al. Adrenaline for 

out-of-hospital cardiac arrest resuscitation: A systematic review and meta-analysis of 

randomized controlled trials. Resuscitation. 2014 Mar 15. PubMed PMID: 24642404. 

44. Jacobs IG, Finn JC, Jelinek GA, Oxer HF, Thompson PL. Effect of adrenaline on 

survival in out-of-hospital cardiac arrest: A randomised double-blind placebo-controlled trial. 

Resuscitation. 2011 Sep;82(9):1138-43. PubMed PMID: 21745533. Epub 2011/07/13. eng. 

45. Perkins GD, Quinn T, Deakin CD, Nolan JP, Lall R, Slowther AM, et al. Pre-hospital 

Assessment of the Role of Adrenaline: Measuring the Effectiveness of Drug administration In 

Cardiac arrest (PARAMEDIC-2): Trial protocol. Resuscitation. 2016 Nov;108:75-81. PubMed 

PMID: 27650864. Pubmed Central PMCID: PMC5081174. 

46. Larabee TM, Liu KY, Campbell JA, Little CM. Vasopressors in cardiac arrest: a 

systematic review. Resuscitation. 2012 Aug;83(8):932-9. PubMed PMID: 22425731. Epub 

2012/03/20. eng. 

47. Soar J, Callaway CW, Aibiki M, Bottiger BW, Brooks SC, Deakin CD, et al. Part 4: 

Advanced life support: 2015 International Consensus on Cardiopulmonary Resuscitation and 

Emergency Cardiovascular Care Science with Treatment Recommendations. Resuscitation. 2015 

Oct;95:e71-e120. PubMed PMID: 26477429. 

48. Kudenchuk PJ, Brown SP, Daya M, Rea T, Nichol G, Morrison LJ, et al. Amiodarone, 

Lidocaine, or Placebo in Out-of-Hospital Cardiac Arrest. The New England journal of medicine. 

2016 May 5;374(18):1711-22. PubMed PMID: 27043165. 

49. Couper K, Smyth M, Perkins GD. Mechanical devices for chest compression: to use or 

not to use? Curr Opin Crit Care. 2015 Jun;21(3):188-94. PubMed PMID: 25887299. 

50. Gates S, Quinn T, Deakin CD, Blair L, Couper K, Perkins GD. Mechanical chest 

compression for out of hospital cardiac arrest: Systematic review and meta-analysis. 

Resuscitation. 2015 Sep;94:91-7. PubMed PMID: 26190673. 

51. Ong ME, Quah JL, Annathurai A, Noor NM, Koh ZX, Tan KB, et al. Improving the 

quality of cardiopulmonary resuscitation by training dedicated cardiac arrest teams incorporating 

a mechanical load-distributing device at the emergency department. Resuscitation. 2013 

Apr;84(4):508-14. PubMed PMID: 22906966. 

52. Grunau B, Reynolds JC, Scheuermeyer FX, Stenstrom R, Pennington S, Cheung C, et al. 

Comparing the prognosis of those with initial shockable and non-shockable rhythms with 

increasing durations of CPR: Informing minimum durations of resuscitation. Resuscitation. 2016 

Apr;101:50-6. PubMed PMID: 26851705. 

53. Reynolds JC, Grunau BE, Rittenberger JC, Sawyer KN, Kurz MC, Callaway CW. 

Association Between Duration of Resuscitation and Favorable Outcome After Out-of-Hospital 

Cardiac Arrest: Implications for Prolonging or Terminating Resuscitation. Circulation. 2016 Dec 

20;134(25):2084-94. PubMed PMID: 27760796. Pubmed Central PMCID: 5173423. 

54. Nagao K, Nonogi H, Yonemoto N, Gaieski DF, Ito N, Takayama M, et al. Duration of 

Prehospital Resuscitation Efforts After Out-of-Hospital Cardiac Arrest. Circulation. 2016 Apr 

5;133(14):1386-96. PubMed PMID: 26920493. 



20 
 

55. Verbeek PR, Vermeulen MJ, Ali FH, Messenger DW, Summers J, Morrison LJ. 

Derivation of a termination-of-resuscitation guideline for emergency medical technicians using 

automated external defibrillators. Academic emergency medicine : official journal of the Society 

for Academic Emergency Medicine. 2002 Jul;9(7):671-8. PubMed PMID: 12093706. 

56. Morrison LJ, Verbeek PR, Zhan C, Kiss A, Allan KS. Validation of a universal 

prehospital termination of resuscitation clinical prediction rule for advanced and basic life 

support providers. Resuscitation. 2009 Mar;80(3):324-8. PubMed PMID: 19150167. 

57. Morrison LJ, Visentin LM, Kiss A, Theriault R, Eby D, Vermeulen M, et al. Validation 

of a rule for termination of resuscitation in out-of-hospital cardiac arrest. The New England 

journal of medicine. 2006 Aug 3;355(5):478-87. PubMed PMID: 16885551. 

58. Sasson C, Hegg AJ, Macy M, Park A, Kellermann A, McNally B, et al. Prehospital 

termination of resuscitation in cases of refractory out-of-hospital cardiac arrest. Jama. 2008 Sep 

24;300(12):1432-8. PubMed PMID: 18812534. 

59. Ouweneel DM, Schotborgh JV, Limpens J, Sjauw KD, Engstrom AE, Lagrand WK, et al. 

Extracorporeal life support during cardiac arrest and cardiogenic shock: a systematic review and 

meta-analysis. Intensive care medicine. 2016 Dec;42(12):1922-34. PubMed PMID: 27647331. 

Pubmed Central PMCID: 5106498. 

60. Belohlavek J, Kucera K, Jarkovsky J, Franek O, Pokorna M, Danda J, et al. 

Hyperinvasive approach to out-of hospital cardiac arrest using mechanical chest compression 

device, prehospital intraarrest cooling, extracorporeal life support and early invasive assessment 

compared to standard of care. A randomized parallel groups comparative study proposal. 

"Prague OHCA study". Journal of translational medicine. 2012 Aug 10;10:163. PubMed PMID: 

22883307. Pubmed Central PMCID: 3492121. 

61. Lamhaut L, Hutin A, Puymirat E, Jouan J, Raphalen JH, Jouffroy R, et al. A Pre-Hospital 

Extracorporeal Cardio Pulmonary Resuscitation (ECPR) strategy for treatment of refractory out 

hospital cardiac arrest: An observational study and propensity analysis. Resuscitation. 2017 

Aug;117:109-17. PubMed PMID: 28414164. 

62. Yannopoulos D, Bartos JA, Raveendran G, Conterato M, Frascone RJ, Trembley A, et al. 

Coronary Artery Disease in Patients With Out-of-Hospital Refractory Ventricular Fibrillation 

Cardiac Arrest. Journal of the American College of Cardiology. 2017 Aug 29;70(9):1109-17. 

PubMed PMID: 28838358. 

63. Laurent I, Monchi M, Chiche JD, Joly LM, Spaulding C, Bourgeois B, et al. Reversible 

myocardial dysfunction in survivors of out-of-hospital cardiac arrest. Journal of the American 

College of Cardiology. 2002 Dec 18;40(12):2110-6. PubMed PMID: 12505221. 

64. Nolan JP, Soar J, Cariou A, Cronberg T, Moulaert VR, Deakin CD, et al. European 

Resuscitation Council and European Society of Intensive Care Medicine 2015 guidelines for 

post-resuscitation care. Intensive care medicine. 2015 Dec;41(12):2039-56. PubMed PMID: 

26464394. 

65. Bernard SA, Smith K, Finn J, Hein C, Grantham H, Bray JE, et al. Induction of 

Therapeutic Hypothermia During Out-of-Hospital Cardiac Arrest Using a Rapid Infusion of Cold 

Saline: The RINSE Trial (Rapid Infusion of Cold Normal Saline). Circulation. 2016 Sep 

13;134(11):797-805. PubMed PMID: 27562972. 

66. Kamarainen A, Virkkunen I, Tenhunen J, Yli-Hankala A, Silfvast T. Prehospital 

therapeutic hypothermia for comatose survivors of cardiac arrest: a randomized controlled trial. 

Acta anaesthesiologica Scandinavica. 2009 Aug;53(7):900-7. PubMed PMID: 19496762. 



21 
 

67. Kim F, Olsufka M, Longstreth WT, Jr., Maynard C, Carlbom D, Deem S, et al. Pilot 

randomized clinical trial of prehospital induction of mild hypothermia in out-of-hospital cardiac 

arrest patients with a rapid infusion of 4 degrees C normal saline. Circulation. 2007 Jun 

19;115(24):3064-70. PubMed PMID: 17548731. 

68. Stub D, Smith K, Bernard S, Nehme Z, Stephenson M, Bray JE, et al. Air Versus Oxygen 

in ST-Segment-Elevation Myocardial Infarction. Circulation. 2015 Jun 16;131(24):2143-50. 

PubMed PMID: 26002889. 

69. Kilgannon JH, Jones AE, Parrillo JE, Dellinger RP, Milcarek B, Hunter K, et al. 

Relationship between supranormal oxygen tension and outcome after resuscitation from cardiac 

arrest. Circulation. 2011 Jun 14;123(23):2717-22. PubMed PMID: 21606393. 

70. Kilgannon JH, Jones AE, Shapiro NI, Angelos MG, Milcarek B, Hunter K, et al. 

Association between arterial hyperoxia following resuscitation from cardiac arrest and in-

hospital mortality. Jama. 2010 Jun 2;303(21):2165-71. PubMed PMID: 20516417. 

71. Nikolaou NI, Arntz HR, Bellou A, Beygui F, Bossaert LL, Cariou A, et al. European 

Resuscitation Council Guidelines for Resuscitation 2015 Section 8. Initial management of acute 

coronary syndromes. Resuscitation. 2015 Oct;95:264-77. PubMed PMID: 26477416. 

72. Dumas F, Cariou A, Manzo-Silberman S, Grimaldi D, Vivien B, Rosencher J, et al. 

Immediate percutaneous coronary intervention is associated with better survival after out-of-

hospital cardiac arrest: insights from the PROCAT (Parisian Region Out of hospital Cardiac 

ArresT) registry. Circulation Cardiovascular interventions. 2010 Jun 1;3(3):200-7. PubMed 

PMID: 20484098. 

73. Spaulding CM, Joly LM, Rosenberg A, Monchi M, Weber SN, Dhainaut JF, et al. 

Immediate coronary angiography in survivors of out-of-hospital cardiac arrest. The New England 

journal of medicine. 1997 Jun 5;336(23):1629-33. PubMed PMID: 9171064. 

74. Camuglia AC, Randhawa VK, Lavi S, Walters DL. Cardiac catheterization is associated 

with superior outcomes for survivors of out of hospital cardiac arrest: review and meta-analysis. 

Resuscitation. 2014 Nov;85(11):1533-40. PubMed PMID: 25195073. 

75. Chelly J, Mongardon N, Dumas F, Varenne O, Spaulding C, Vignaux O, et al. Benefit of 

an early and systematic imaging procedure after cardiac arrest: insights from the PROCAT 

(Parisian Region Out of Hospital Cardiac Arrest) registry. Resuscitation. 2012 Dec;83(12):1444-

50. PubMed PMID: 22922264. 

76. Sandroni C, Cariou A, Cavallaro F, Cronberg T, Friberg H, Hoedemaekers C, et al. 

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 

medicine. 2014 Dec;40(12):1816-31. PubMed PMID: 25398304. Pubmed Central PMCID: 

4239787. 

77. Elmer J, Torres C, Aufderheide TP, Austin MA, Callaway CW, Golan E, et al. 

Association of early withdrawal of life-sustaining therapy for perceived neurological prognosis 

with mortality after cardiac arrest. Resuscitation. 2016 May;102:127-35. PubMed PMID: 

26836944. Pubmed Central PMCID: 4834233. 

 

 


