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ABSTRACT: The American Heart Association previously recommended 
implementation of cardiac resuscitation systems of care that consist of 
interconnected community, emergency medical services, and hospital 
efforts to measure and improve the process of care and outcome for 
patients with cardiac arrest. In addition, the American Heart Association 
proposed a national process to develop and implement evidence-based 
guidelines for cardiac resuscitation systems of care. Significant experience 
has been gained with implementing these systems, and new evidence 
has accumulated. This update describes recent advances in the science of 
cardiac resuscitation systems and evidence of their effectiveness, as well 
as recent progress in dissemination and implementation throughout the 
United States. Emphasis is placed on evidence published since the original 
recommendations (ie, including and since 2010).

Cardiac arrest is loss of mechanical activity of the heart confirmed by the 
absence of signs of circulation.1 Approximately 356 461 people are treated 
for out-of-hospital cardiac arrest (OHCA) annually in the United States.2 One 

third of cases occur without any prior recognized heart disease; half occur without 
any prodromal symptoms.3 Despite robust systems of care for patients with trauma 
and rapidly evolving systems of care for patients with ST-segment–elevation myo-
cardial infarction (STEMI) and stroke, the majority of communities do not achieve 
optimal survival after OHCA because of large discrepancies in resuscitation-related 
processes of care.4–6 As a result, survival to hospital discharge varies significantly 
both across different regions and by presenting rhythm.7,8

Survival increases significantly if the OHCA is quickly recognized and responded 
to with prompt activation of 9-1-1, bystander-initiated cardiopulmonary resuscita-
tion (CPR), bystander and/or basic first responder application of an automated ex-
ternal defibrillator (AED) before arrival of other emergency medical services (EMS) 
providers on scene, advanced life support, and postresuscitation care.9

The American Heart Association (AHA) previously recommended implementa-
tion of cardiac resuscitation systems of care that consist of interconnected com-
munity, EMS, and hospital efforts to measure and improve the process and out-
come of care for patients with cardiac arrest.10 Simultaneously, the AHA proposed 
a national process to develop and implement evidence-based guidelines for the 
implementation and measurement of such systems. The 2015 AHA guidelines for 
CPR and emergency cardiovascular care delved deeper into the elements of an 
effective system of care for both OHCA and in-hospital cardiac arrest.11 This up-
date on OHCA resuscitation systems of care describes recent advances, evidence 
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Increase training of laypeople
How to perform bystander CPR
Provide dispatcher/telecommunicator instructions for CPR
Improve layperson and first responder use of AEDs. 
= components of the implementation of a cardiac resuscitation

system of care 
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ABSTRACT
Objectives The Utstein ten-step implementation strategy 
(UTIS) proposed by the Global Resuscitation Alliance, 
a bundle of community cardiopulmonary resuscitation 
(CPR) programs to improve outcomes after out-of-hospital 
cardiac arrests (OHCAs), has been developed. However, it 
is not documented whether UTIS programs are associated 
with better outcomes or not. The study aimed to test the 
association between the UTIS programme and better 
outcomes after OHCA.
Methods The study was a before- and after-intervention 
study. Adults OHCAs treated by emergency medical 
service (EMS) from 2006 to 2015 in Korea were collected, 
excluding patients witnessed by ambulance personnel 
and without outcomes. Phase 1 (2009–2011) after 
implementing three programs (national OHCA registry, 
obligatory CPR education, and public report of OHCA 
outcomes), and phase 2 (2012–2015) after implementing 
two programs (telephone-assisted CPR and EMS quality 
assurance programme) were compared with the control 
period (2006–2008) when no UTIS programme were 
implemented. The primary outcome was good neurological 
recovery (cerebral performance scale 1 or 2). We tested 
the association between the phases and outcomes, 
adjusting for confounders using a multivariate logistic 
regression model to calculate adjusted odds ratios (AORs) 
with 95% confidence intervals (CIs).
Results A total of 1 28 888 eligible patients were 
analysed. The control, phase 1, and phase two study 
groups were 19.4%, 30.5%, and 50.0% of the whole, 
respectively. There were significant changes in pre-
hospital ROSC (0.8% in 2006 and 7.1% in 2015), survival 
to discharge (3.0% in 2006 and 6.1% in 2015), and good 
neurological recovery (1.2% in 2006 and 4.1% in 2015). 
The AORs (95% CIs) for good neurological recovery were 
1.82 (1.53–2.15) or phase 1 and 2.21 (1.78–2.75) for 
phase two compared with control phase.
Conclusion The national implementation of the five UTIS 
programs was significantly associated with better OHCA 
outcomes in Korea.

BACKGROUND
Out-of-hospital cardiac arrest (OHCA) is a 
serious public health problem due to high inci-
dence and low survival rates worldwide.1–3  To 
improve the survival rates, community, emer-
gency medical services (EMSs), and hospital 
efforts should be closely linked on the basis of 
evidence and scientific guidelines.4–8  However, 
the implementation of evidence-based cardio-
pulmonary resuscitation (CPR) programs has 
been difficult due to socioeconomic, cultural, 
administrative, and behavioural barriers.

Strengths and limitations of this study

 ► The study tested the association between 
implementation of five national CPR programs of ten 
UTIS programs proposed by the Global Resuscitation 
Alliance and better outcomes using nationwide OHCA 
data. All national OHCAs who were transported by 
fire-based ambulance services were collected with 
very high representativeness.

 ► The degree of implementation or real change by 
implementation were not fully measured. This might 
be related with measurement bias. This study relates 
outcome to the implementation of some of the ten 
steps. Some of these steps can be fully or partially 
implemented and until now there are defined no 
common tool for assessing the individual steps.

 ► A natural change by years could not be completely 
adjusted for, even though we adjusted for individual 
risk factors when calculating the effect size. The 
before- and after-intervention study has those 
limitations.

 ► Emergency medical services with intermediate 
service level in Korea were different North America 
or European countries where advanced life support 
are given to OHCA at the field. Therefore the 
generalisation should be cautious.
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group divided by the total number of population multi-
plying 1 00 000. Potential risk factors were tested for trends 
by year. We tested the trend for age- and gender-stan-
dardised outcomes using the whole study population 
as a standard population. All trends were tested by the 
Cochran-Armitage test.

Each UTIS intervention was tested for the association 
with outcome variables, and then we tested the UTIS inter-
vention phases 1 and 2 (phase 1 in 2009–2011 and phase 
2 in 2012–2015) compared with the control phase group 
(2006–2008), adjusting for the potential confounders 
identified above. Potential confounders were selected to 
avoid the mediator effect. We performed a multivariate 
logistic regression analysis for the UTIS on the outcomes, 
adjusted for potential confounders such as age, gender, 
urbanisation level of the event location, place (private, 
public, unknown), event witness (witnessed, unwitnessed, 
unknown), primary ECG rhythm (VF/pulseless VT, PEA, 
and asystole), response time intervals from call to ED 
arrival, scene time interval (STI) from arrival to the scene 
and departure to ED, advanced airway management (ETI, 
SGA, BVM, PV), level of ED (level 1 to 4), and imple-
mented international CPR guidelines (2005 vs. 2010) for 
all patients. The 2005 and 2010 guideline were imple-
mented during 2006–2010 and 2011–2015, respectively.

Additionally, interaction analysis was performed using 
an interaction model with the interaction term (study 
phase*bystander CPR), which was added to the final 
multivariate logistic regression model.

We performed the sensitivity analysis for appropriate 
comparison on the Utstein OHCA population who had 
cardiac aetiology, witnessed status, and initial shockable 
rhythm using the same multivariable logistic regression 
according to study period on outcomes.

All statistical analyses were performed using SAS soft-
ware, version 9.4 (SAS institute Inc., Cary, NC, USA).

RESULTS
Demographics
Of 229,361 OHCAs during the study period, a total 
of 1 28 888 eligible patients were analysed, excluding 
patients who were less than age 15 (n=4478), had 
non-cardiac etiologies for arrest (n=68 152), for whom 
resuscitation was not attempted (n=23 807), whose arrest 
was witnessed in an ambulance (n=39 090), or who 
did not have available hospital outcome information 
(n=127). (figure 2)

The demographics among study groups are compared 
in table 1. Compared with the control group, the phase 
1 and 2 groups had the following characteristics: older, 
predominantly female, occurred more often in private 
places, more shockable rhythms, less witnessed, more 
bystander CPR, staffing with more level 1 EMTs, more 
members in the ambulance crew, longer response times, 
increased scene time intervals, more advanced airway 
management, and higher trauma levels of ED (all p 
values<0.001). Patients included in Phases 1 and 2 had 

Figure 1 National Implementation of Utstein Ten-step Implementation Strategy by study period. CPR, cardiopulmonary 
resuscitation; AED, automatic external defibrillation; KOHCAR, Korea out-of-hospital cardiac arrest registry; EMS, emergency 
medical services; T-CPR, telephone-assisted CPR; OA, quality assurance; OHCA, out-of-hospital cardiac arrest.
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Figure 2 Study subjects. EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary 
resuscitation.

Figure 3 Longitudinal trend of outcomes in out-of-hospital cardiac arrest in Korea. ROSC, return of spontaneous circulation; 
CPC, cerebral performance scale.
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tients were randomly assigned in a 1:1 ratio to 
one of the two study groups by means of a com-
puterized randomization system. Random num-
bers were automatically generated within the 
mobile-phone positioning system with the use of 
a modified standard function in Microsoft.NET 
Framework software, version 4.0.12

If a patient with suspected out-of-hospital car-
diac arrest was randomly assigned to the interven-
tion group, lay volunteers were located. If a volun-

teer was located within 500 m of the patient, the 
volunteer was contacted automatically by means 
of short-message-service messaging (text messag-
ing) and computer-generated telephone calls. If 
a patient was randomly assigned to the control 
group, lay volunteers who were trained in CPR 
were located, but no final contact was made by 
means of text messaging or telephone calls. The 
dispatcher was unaware of the study-group assign-
ments, and all the investigators were unaware of 

Figure 1. Mobile-Phone Positioning System.

Dispatchers were instructed to activate the mobile-phone positioning system (MPS) in cases of suspected out-of-hospital cardiac arrest 
(OHCA). Lay volunteers who were trained in cardiopulmonary resuscitation (CPR) and who were located within a 500-m radius of pa-
tients who were randomly assigned to the intervention group were contacted by means of short-message-service (SMS) messaging and 
a computer-generated voice call to their mobile phones. Patients with a cardiac arrest that was witnessed by emergency-medical-servic-
es (EMS) personnel and patients in whom resuscitation was not attempted by the EMS personnel (because of ethical reasons or obvi-
ous signs of death) were excluded from the final analysis.

EMS dispatch

MPS

The geographic location of the
source of all incoming emergency
calls in Sweden can be determined

automatically.

EMS Lay volunteer

If an OHCA is suspected, the dispatcher activates the mobile-phone positioning
system and standard EMS at the same time. The location of all laypersons who

are trained in CPR is then determined and matched with the location of the
incoming emergency call.

SMS: OHCA at
24 Main St.

The New England Journal of Medicine 
Downloaded from nejm.org by KARIM TAZAROURTE on February 28, 2018. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 
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Telephone  cardiopulmonary  resuscitation  is  independently  associated
with  improved  survival  and  improved  functional  outcome  after
out-of-hospital  cardiac  arrest!
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a  b  s  t  r  a  c  t

Aim  of  study:  This  study  aims to quantify  the  relative  impact  of Dispatcher-Initiated  Telephone  car-
diopulmonary  resuscitation  (TCPR)  on  survival  and  survival  with  favorable  functional  outcome  after
out-of-hospital  cardiac  arrest  (OHCA)  in  a  population  of  patients  served  by  multiple  emergency  dispatch
centers  and  more  than  130  emergency  medical  services  (EMS)  agencies.
Methods:  We  conducted  a retrospective,  observational  study  of EMS-treated  adult  (≥18  years)  patients
with OHCA  of  presumed  cardiac  origin  in  Arizona,  between  January  1, 2011,  and  December  31,  2014.
We  compared  survival  and  functional  outcome  among  three  distinct  groups  of  OHCA  patients:  those
who  received  no  CPR  before  EMS arrival  (no  CPR  group);  those  who  received  BCPR  before  EMS  arrival
and  prior  to or  without  telephone  CPR instructions  (BCPR  group);  and  those  who  received  TCPR  (TCPR
group).
Results:  In  this  study, 2310  of  4391  patients  met  the  study  criteria  (median  age,  62  years;  IQR  50,  74;  1540
male).  32.8%  received  no  CPR,  23.8%  received  Bystander-Initiated  CPR  and  43.4%  received  TCPR.  Overall
survival  was  11.5%.  Using  no  CPR  as the  reference  group,  the  multivariate  adjusted  odds  ratio  for  survival
at hospital  discharge  was  1.51  (95%  confidence  interval  [CI],  1.04,  2.18)  for BCPR  and  1.64  (95%  CI, 1.16,
2.30)  for TCPR.  The  multivariate  adjusted  odds  ratio  of  favorable  functional  outcome  at  discharge  was
1.58  (95%  CI  1.05,  2.39)  for BCPR  and  1.56 (95%  CI, 1.06,  2.31)  for  TCPR.
Conclusion:  TCPR  is  independently  associated  with  improved  survival  and  improved  functional  outcome
after  OHCA.

© 2017  Elsevier  B.V. All  rights  reserved.

Introduction

Out-of-hospital cardiac arrest (OHCA) is a major public health
issue [1]. Successful resuscitation hinges on early activation of the
emergency response system, early Bystander-Initiated cardiopul-
monary resuscitation (BCPR), early defibrillation, high-quality
emergency medical services (EMS) CPR and standardized post-
arrest care [2]. BCPR rates can reach 70–80% in communities with

! A Spanish translated version of the abstract of this article appears as Appendix
in  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2017.07.016.

∗ Corresponding author at: Bureau of EMS  & Trauma System Arizona Department
of  Health Services 150 18th Ave, Suite 540 Phoenix, AZ 85007, United States.

E-mail address: micah.panczyk@azdhs.gov (M.  Panczyk).

well-implemented community CPR and Dispatcher-Initiated Tele-
phone CPR (TCPR) programs [3], and increased BCPR rates are
associated with a three-and-a-half fold increase in 1-year survival
[4]. In most communities, however, BCPR is provided in only one-
third to one-half of cases [5–8] and low survival rates persist.

TCPR can potentially double BCPR rates [7,9,10] and is empha-
sized as an important intervention by the American Heart
Association [7]. Results from analyses assessing the potential
impact of TCPR on patient outcomes, however, are not uniform.
One, in fact, found a trend toward decreased survival [11].

The purpose of this study is to compare survival and functional
outcome among three groups of OHCA patients: (1) those who
received no CPR prior to EMS  arrival (no CPR group), (2) those
who received BCPR (BCPR group), and (3) those who received TCPR
(TCPR group).

http://dx.doi.org/10.1016/j.resuscitation.2017.07.016
0300-9572/© 2017 Elsevier B.V. All rights reserved.

L’ARM doit systématiquement faire initier le processus de massage par le témoin
Médecin régulateur impliqué ou pas ?  
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Fig. 1. Study Enrollment.
OHCA indicates out-of-hospital cardiac arrest; EMS, emergency medical services; DNR, do not resuscitate order; CPR, cardiopulmonary resuscitation.

Table 3
Logistic Regression for Favorable Functional Outcome at Dischargea.

Variableb Levels aOR 95% CI P-value* (Category) P-value# (Covariate)

CPR Status No CPR –– –– –– 0.037
Bystander-Initiated CPR 1.58 (1.05, 2.39) 0.029
Dispatcher-Initiated Telephone CPR 1.56 (1.06, 2.31) 0.025

Gender F  –– –– –– 0.267
M  1.22 (0.86, 1.74) 0.271

Age  0.98 (0.97, 0.99) –– <0.001
Location of OHCA Residential –– –– –– <0.001

Public 2.58 (1.79, 3.71) <0.001
Witnessed No  –– –– –– <0.001

Yes  3.76 (2.71, 5.20) <0.001
EMS  Arrival Time 4 min  or below –– –– –– 0.179

5  min  0.74 (0.49, 1.12) 0.152
6–7  min  0.88 (0.59, 1.30) 0.513
8  min  or above 0.54 (0.31, 0.93) 0.026
Unknown 0.7 (0.15, 3.16) 0.641

CPR indicates cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest; EMS, emergency medical services.
a Model adjusted for age, gender, witness status, location and EMS  arrival time.
b The model also adjusted for dispatch center (not shown; p = 0.0085).
* Wald test.
# Likelihood ratio test.

increased favorable functional outcome [21,22]. Vaillancourt, how-
ever, found a trend toward decreased survival in cases where TCPR
instructions were provided [11] and Fujie found that survival and
favorable functional outcome rates did not vary across cases where
TCPR instructions were provided or not provided [23]. In addition,
Akahane found that, though TCPR was associated with increased
1-month survival, it was not associated with increased favorable

functional outcome [24]. Ro found that TCPR was associated with
increased favorable functional outcome, but not with increased
survival to discharge [25].

Our study is unique in several ways and adds additional infor-
mation to the published literature. First, it draws on data collected
from multiple emergency dispatch centers primarily prescribing
compression-only CPR for adult OHCAs of cardiac origin. The 2015



Lay volunteers who were trained in CPR were re- cruited
through advertising campaigns and at CPR training courses. 
We called these volunteers “short-message-service lifesavers. 
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Mobile-Phone Dispatch of Laypersons for CPR

control group. No significant between-group dif-
ferences were seen in other secondary outcomes 
(return of spontaneous circulation, initial cardiac 
rhythm, and 30-day survival).

In the unadjusted analysis (Table S1 in the 
Supplementary Appendix), the odds ratio for CPR 
before the arrival of an ambulance or first respond-
ers was 1.8 (95% CI, 1.3 to 2.6) among patients 

Characteristic
Intervention 

 (N = 306)
Control 

 (N = 361)

Age — yr

Median 71.0 73.5

Interquartile range 62.5–81.3 61.8–83.3

Male sex — no. of patients/total no. (%) 213/302 (70.5) 225/351 (64.1)

Location of cardiac arrest — no. of patients/total no. (%)

Home 209/303 (69.0) 251/353 (71.1)

Not at home 94/303 (31.0) 102/353 (28.9)

Underlying cause of cardiac arrest — no. of patients/total no. (%)

Cardiac 246/303 (81.2) 282/352 (80.1)

Noncardiac 57/303 (18.8) 70/352 (19.9)

Cardiac arrest witnessed by bystanders — no. of cardiac arrests/total no. (%)

Yes 165/290 (56.9) 186/323 (57.6)

No 125/290 (43.1) 137/323 (42.4)

CPR performed with telephone instructions — no. of patients/total no. (%) 10/249 (4.0) 23/278 (8.3)

Interval between call to and first arrival of EMS personnel — min

Median 8.3 8.2

Interquartile range 5.4–12.8 5.5–11.9

Bystander-initiated CPR — no. of patients (%)

Not including CPR performed with telephone instructions 188 (61.6) 172 (47.8)

Including CPR performed with telephone instructions† 196 (64.3) 197 (54.7)

*   Cardiac arrests that were witnessed by EMS personnel were not included in the analyses. There were no significant dif-
ferences between the groups. CPR denotes cardiopulmonary resuscitation, and EMS emergency medical services.

†  Some cases of bystander-initiated CPR were performed with telephone instructions and by a trained volunteer.

Table 1. Baseline Characteristics of 667  Patients with Out-of-Hospital Cardiac Arrest Treated by EMS Personnel, 
According to Treatment Group.*

Outcome Intervention Control Difference (95% CI) P Value

no. of patients/total no. (%) percentage points

Primary outcome: bystander-initiated CPR 188/305 (61.6) 172/360 (47.8) 13.9 (6.2 to 21.2) <0.001

Secondary outcome

30-day survival 32/286 (11.2) 28/326 (8.6) 2.6 (−2.1 to 7.8) 0.28

Return of spontaneous circulation 90/306 (29.4) 105/361 (29.1) 0.3 (−6.5 to 7.3) 0.93

Shockable rhythm: ventricular fibrillation 
or ventricular tachycardia

58/301(19.3) 60/347 (17.3) 2.0 (−4.0 to 8.0) 0.52

Bystander-initiated CPR including CPR 
performed with telephone instructions

196/305 (64.3) 197/360 (54.7) 9.5 (2.0 to 16.9) 0.01

*   CI denotes confidence interval.

Table 2. Primary and Secondary Outcomes.*
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Dans cette étude il n’y avait pas de RCP guidée par téléphone pour les témoins qui appelaient
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assigned to intervention. When adjusted for the 
covariates listed in the Statistical Analysis section, 
the odds ratio for the likelihood of bystander-
initiated CPR was 1.7 (95% CI, 1.2 to 2.5).

There was no significant difference in the in-
tervention effect according to prespecified sub-
groups except in the subgroup of patients with 
shockable versus those with nonshockable rhythm 
(P = 0.03 for the interaction between shockable 
and nonshockable rhythm) (Table S2 in the Sup-
plementary Appendix).

Results of Survey Data
According to survey data obtained from lay vol-
unteers, one or more lay volunteers who were 
trained in CPR were located within 500 m of the 
patient in 81% of the cases of cardiac arrest (249 
of 306 patients) (Table 3). In 199 out-of-hospital 
cardiac arrests (65%), one or more lay volunteers 
who were trained in CPR tried to reach the pa-
tient; in 70 cardiac arrests (23%), the trained 
volunteer or volunteers reached the patient be-
fore the arrival of the EMS personnel or first re-
sponders. In 40 cases (13%), one or more trained 
volunteers stated that they initiated CPR before 
anyone else arrived.

Out-of-Hospital Cardiac Arrests That Were 
Not Randomly Assigned

The mobile-phone positioning system was not 
activated by dispatchers in 925 out-of-hospital car-
diac arrests that were treated by EMS personnel, 
and subsequently these patients did not undergo 
randomization (Fig. 3). When cardiac arrests that 
were witnessed by EMS personnel were excluded, 
736 patients with cardiac arrest were not in-
cluded in the final analysis; 515 of these cardiac 
arrests occurred during the daytime. Review of 
the medical protocol used by dispatchers revealed 
that in 237 of these patients, the dispatcher sus-
pected an out-of-hospital cardiac arrest but did 
not activate the mobile-phone positioning sys-
tem. These 237 patients comprised 26% of all 
eligible patients. Baseline characteristics of the 
736 patients and events that were not assigned 
to the intervention or control group are provided 
in Table S3 in the Supplementary Appendix.

Discussion

This randomized, controlled trial evaluated a 
mobile-phone positioning system for locating and 
recruiting lay responders who were trained in CPR 

Variable
Intervention 
(N = 306)†

Control 
(N = 361)†

All Suspected 
 Out-of-Hospital 
 Cardiac Arrests 

(N = 861)

Cases of out-of-hospital cardiac arrest in which volun-
teers were located within 500 m — no. (%)

No volunteers 57 (19) 83 (23) 124 (14)

1–3 volunteers 86 (28) 135 (37) 236 (27)

4–9 volunteers 86 (28) 89 (25) 289 (34)

>10 volunteers 77 (25) 54 (15) 212 (25)

Volunteer action — proportion of cases (%)

1 or more volunteers responded to SMS or voice 
alarms

199 (65) NA 595 (69)

Volunteers reached scene 180 (59) NA 520 (60)

Volunteers arrived at scene before EMS personnel 
and first responders

70 (23) NA 202 (23)

Volunteers started CPR 40 (13) NA NA

*   Patients who did not receive treatment from EMS personnel were excluded from the final outcome analysis, as were pa-
tients with cardiac arrest that was witnessed by EMS personnel. NA denotes not applicable, and SMS short message 
service.

†  Patients who did not receive treatment from EMS personnel were excluded from the final outcome analysis, as were pa-
tients with cardiac arrest that was witnessed by EMS personnel.

Table 3. Response of Volunteers Who Were Trained in CPR, According to Survey Data.*

The New England Journal of Medicine 
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A B S T R A C T

Background: Dispatch of lay volunteers trained in cardiopulmonary resuscitation (CPR) and equipped with au-
tomated external defibrillators (AEDs) may improve survival in cases of out-of-hospital cardiac arrest (OHCA).
The aim of this study was to investigate the functionality and performance of a smartphone application for
locating and alerting nearby trained laymen/women in cases of OHCA.
Methods: A system using a smartphone application activated by Emergency Dispatch Centres was used to locate
and alert laymen/women to nearby suspected OHCAs. Lay responders were instructed either to perform CPR or
collect a nearby AED. An online survey was carried out among the responders.
Results: From February to August 2016, the system was activated in 685 cases of suspected OHCA. Among these,
224 cases were Emergency Medical Services (EMSs)-treated OHCAs (33%). EMS-witnessed cases (n= 11) and
cases with missing survey data (n= 15) were excluded. In the remaining 198 OHCAs, lay responders arrived at
the scene in 116 cases (58%), and prior to EMSs in 51 cases (26%). An AED was attached in 17 cases (9%) and 4
(2%) were defibrillated. Lay responders performed CPR in 54 cases (27%). Median distance to the OHCA was
560m (IQR 332–860m), and 1280m (IQR 748–1776m) via AED pick-up. The survey-answering rate was 82%.
Conclusion: A smartphone application can be used to alert CPR-trained lay volunteers to OHCAs for CPR. Further
improvements are needed to shorten the time to defibrillation before EMS arrival.

Introduction

At the time of collapse, the majority of patients suffering from Out-of-
Hospital Cardiac Arrest (OHCA) have an initial shockable rhythm that can
be treated by means of defibrillation [1]. As Emergency Medical Service
(EMS) response times are often too long, the initial shockable rhythm
usually deteriorates into asystole. In cases where bystander-operated Auto-
mated External Defibrillators (AEDs) are used within the first few minutes
after collapse, as many as seven out of ten may survive [2,3]. The number of
publicly available AEDs is increasing [4,5] and national AED registers have
been compiled with the aim of increasing awareness and providing in-
formation to dispatchers [6]. Despite this, AED use by bystanders prior to
EMS arrival has been infrequent [7,8]. Current guidelines emphasize im-
plementation of public AED programmes, effective volunteer-enhanced re-
sponses and digital applications for deployment of public AEDs [9]. In a

recent randomized study carried out in Stockholm, it was found that by-
stander CPR could be increased by 30% with the use of text-message (TM)
to locate and direct CPR-trained volunteers to nearby OHCAs [10]. Similar
systems have been developed in the Netherlands [11,12] and in North
America [13]. In Stockholm County, a new smartphone application has
been developed and integrated with the national AED register. In addition
to bystander CPR, lay volunteers were also dispatched to use AEDs. The aim
of this run-in study was to evaluate the technical function and performance
of this system before future randomized controlled trials.

Methods

Study design and ethics

This was a prospective observational run-in study carried out
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Lay responders were recruited through e-mails, advertisements
in social media, in newspapers and via CPR-training companies. 
During the runin period of February to August 2016 the 
number of lay responders increased from 17,206 to 23,097. 

Lay responders arrived at the scene in 116 cases (58%), and prior to EMSs in 51 cases (26%) 

Median distance to the OHCA was 560 m (IQR 332–860 m), and 1280 m (IQR 748–1776 m) via AED 
pick-up 

Lay responders performed CPR in 54 cases (27%) 

An AED was attached in 17 cases (9%) and 4 (2%) were defibrillated



SÉMINAIRE
ARLoD
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Abstract
Background. Cognitive aids improve the technical performance of individuals and teams dealing with high-stakes crises.
Hand-held electronic cognitive aids have rarely been investigated. A randomized controlled trial was conducted to investi-
gate the effects of a smartphone application, named MAX (for Medical Assistance eXpert), on the technical and non-
technical performance of anaesthesia residents dealing with simulated crises.
Methods. This single-centre randomized, controlled, unblinded trial was conducted in the simulation centre at Lyon, France.
Participants were anaesthesia residents with >1 yr of clinical experience. Each participant had to deal with two different
simulated crises with and without the help of a digital cognitive aid. The primary outcome was technical performance, eval-
uated as adherence to guidelines. Two independent observers remotely assessed performance on video recordings.
Results. Fifty-two residents were included between July 2015 and February 2016. Six participants were excluded for technical
issues; 46 participants were confronted with a total of 92 high-fidelity simulation scenarios (46 with MAX and 46 without).
Mean (SD) age was 27 (1.8) yr and clinical experience 3.2 (1.0) yr. Inter-rater agreement was 0.89 (95% confidence interval 0.85–
0.92). Mean technical scores were higher when residents used MAX [82 (11.9) vs 59 (10.8)%; P<0.001].
Conclusion. The use of a hand-held cognitive aid was associated with better technical performance of residents dealing
with simulated crises. These findings could help digital cognitive aids to find their way into daily medical practice and im-
prove the quality of health care when dealing with high-stakes crises.
Clinical trial registration. NCT02678819.

Key words: audiovisual aids; Clinical Decision Support Systems; Decision Support Techniques; Patient Care Team/
organization & administration; Group Processes; Simulation Training; Manikins; User-Computer Interface
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to perform steps that were forgotten in the first place and pro-
moted the verification and confirmation by responders. Finally,
its portability guarantees that it will be available and ready to
use in real-life or training situations. The digital format offer the
possibility to update existing procedures and to add new ones to
a common database. Caregivers of the same team could thus
create code procedure and contents that optimally suit their in-
stitution’s requirements. Guidelines for design and use of cogni-
tive aids in the medical10 and non-medical fields12 highlight
that the success of implementing a cognitive aid lies in training,
familiarization, and tailoring to the targeted situations.10

In contrast, cognitive aids are not infallible and may even
sometimes not be helpful. In a study in which paediatric emer-
gency teams were asked to use a cognitive aid for neonatal re-
suscitation, no improvement in technical performance was
found when using a poster above a resuscitation table.19

Diagnosis was made obvious during the briefing, so that diag-
nostic skills could not interfere in the technical or non-technical
performance. Optimal use of a cognitive aid relies on a correct

initial diagnosis and the use of an appropriate procedure.
Improper use of conventional cognitive aids could lead to
choosing the wrong care algorithm when managing a paediatric
cardiopulmonary arrest. Cognitive aids appear to be powerless
when dealing with prevention of diagnostic mistakes and some
fixation errors.37 In these instances, digital cognitive aids could
be of help by proposing differential diagnosis, according to clin-
ical features provided by users. However, caregivers are also
exposed to fixation errors when managing crises with their
memory alone. High stress level, heavy cognitive load, and emo-
tional factors may compromise the use of a cognitive aid, espe-
cially at the beginning of the crisis, when the mental workload
is the heaviest. McEvoy and colleagues7 addressed this issue by
using a reader, distinct from the leader, devoted to use of an
electronic decision support tool. The authors found a 30% im-
provement in guideline adherence when managing a local an-
aesthetic systemic toxicity, as was found in the present study.

The results shown in the present study are supported by a
high internal validity. Rating was video based and standardized,
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Fig 1 Effect of the Medical Assistance eXpert (MAX) on technical and non-technical performances during critical event management. Technical performances
(left) were rated by two independent observers between zero and 100% of vital actions to be completed. Non-technical performances (right) were also evaluated
by the same observers using the Ottawa Global Rating Scale, ranging from zero to 42. ***P<0.001 with pairwise Wilcoxon rank sum test (left) or Student’s paired
t-test (right).

Table 3 Technical performance. Percentage of maximal score
achievable, expressed as the mean (SD)

MAXþ MAX" P-value

Sample size 46 46
Anaphylactic shock 82.7 (9.9) 58.1 (14.1) 0.003
Hyperkalaemia 83.5 (9.7) 60.6 (8.9) <0.001
Cardiac arrest with

ventricular fibrillation
62.5 (6.0) 60.2 (9.8) 0.450

Local anaesthetic
systemic toxicity

87.7 (6.7) 61.1 (6.4) <0.001

Malignant hyperthermia 88.1 (6.7) 53.5 (13.2) <0.001
Overall 81.6 (11.9) 58.6 (10.8) <0.001

Table 4 Non-technical performance, assessed by the Ottawa
Global Rating Scale, ranging from 7 to 42. Values expressed as
mean (SD)

MAXþ MAX" P-value

Sample size 46 46
Leadership 5.6 (0.9) 5.1 (1.0) 0.003
Communication 5.6 (0.9) 5.3 (0.9) 0.466
Situation awareness 5.7 (0.8) 5.3 (0.8) 0.099
Problem solving 5.6 (0.9) 5.0 (0.8) <0.001
Resource using 5.7 (0.8) 5.2 (0.9) 0.006
Overall performance 5.6 (0.8) 5.0 (0.9) 0.001
Overall 33.7 (4.4) 30.9 (4.9) <0.001
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Le smartphone peut aider le témoin à mieux faire
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Questions
Prise de conscience et entrainement
Amélioration de l’alerte et de la détection
MCE assisté par centre de réception des appels
Appli smartphone à mieux définir

Multifaceted intervention for increasing performance of cardiopulmonary 

resuscitation by laypersons in out-of-hospital cardiac arrest. A stepped wedge 

cluster randomized controlled trial

DISPATCH. 
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