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ABSTRACT

BACKGROUND
Cardiopulmonary resuscitation (CPR) performed by bystanders is associated with
increased survival rates among persons with out-of-hospital cardiac arrest. We
investigated whether rates of bystander-initiated CPR could be increased with the
use of a mobile-phone positioning system that could instantly locate mobile-phone
users and dispatch lay volunteers who were trained in CPR to a patient nearby with
out-of-hospital cardiac arrest.

METHODS

We conducted a blinded, randomized, controlled trial in Stockholm from April 2012
through December 2013. A mobile-phone positioning system that was activated
when ambulance, fire, and police services were dispatched was used to locate trained
volunteers who were within 500 m of patients with out-of-hospital cardiac arrest;
volunteers were then dispatched to the patients (the intervention group) or not
dispatched to them (the control group). The primary outcome was bystander-initi-
ated CPR before the arrival of ambulance, fire, and police services.

RESULTS

A total of 5989 lay volunteers who were trained in CPR were recruited initially, and
overall 9828 were recruited during the study. The mobile-phone positioning system
was activated in 667 out-of-hospital cardiac arrests: 46% (306 patients) in the in-
tervention group and 54% (361 patients) in the control group. The rate of bystand-
er-initiated CPR was 62% (188 of 305 patients) in the intervention group and 48%
(172 of 360 patients) in the control group (absolute difference for intervention vs.
control, 14 percentage points; 95% confidence interval, 6 to 21; P<0.001).

CONCLUSIONS

A mobile-phone positioning system to dispatch lay volunteers who were trained in
CPR was associated with significantly increased rates of bystander-initiated CPR
among persons with out-of-hospital cardiac arrest. (Funded by the Swedish Heart—
Lung Foundation and Stockholm County; ClinicalTrials.gov number, NCT01789554.)
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YSTANDER-INITIATED CARDIOPULMO-

nary resuscitation (CPR) before the arrival

of emergency-medical-services (EMS) per-
sonnel is associated with a rate of survival among
patients with out-of-hospital cardiac arrest that
is up to three times as high as the rate among
patients who do not receive such assistance.'?
Low rates of bystander-initiated CPR are a major
obstacle to improved survival rates.?

The usual approach to increase rates of by-
stander-initiated CPR has been to train as much
of the public as possible.* However, this approach
is associated with substantial costs and uncertain
effects on rates of bystander-initiated CPR.> With
the use of a mobile-phone positioning system,
persons who have mobile phones can be located®
and sent to assist patients with suspected out-of-
hospital cardiac arrest; this approach has been
reported in prior pilot and simulation studies.”®

We hypothesized that the use of a mobile-
phone positioning system to dispatch lay respond-
ers who are trained in CPR to assist patients with
suspected out-of-hospital cardiac arrest would in-
crease the proportion of cases in which CPR was
performed by trained bystanders.

METHODS

STUDY DESIGN AND SETTING
The study was a community-based, blinded, ran-
domized, controlled trial that was conducted in
Stockholm County from April 1, 2012, through
December 1, 2013. Stockholm County covers 6519
km? and has a population of more than 2 million.’
At the time of the study, the incidence of out-of-
hospital cardiac arrests that were treated by EMS
personnel was 46 per 100,000 persons. One dis-
patch center received all emergency calls; 58 am-
bulances were available for dispatch from 7 a.m.
to 9 p.m. (which was considered to be daytime),
and 38 ambulances were available at night. In
addition, 47 fire vehicles and 110 police vehicles
were available at all times for dual dispatch to as-
sist patients with suspected out-of-hospital cardiac
arrest.

STUDY OVERSIGHT

All the investigators (who are listed in the Sup-
plementary Appendix, available with the full text
of this article at NEJM.org) vouch for the accuracy
and completeness of the data and adherence to the
study protocol, which is available at NEJM.org.
The ethics board at the Karolinska Institutet in
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Stockholm approved the study and waived the
requirement for informed consent. There was no
commercial support for this study.

MOBILE-PHONE POSITIONING SYSTEM

A mobile-phone positioning system can locate in-
dividual mobile phones geographically.’® We devel-
oped a mobile-phone positioning system that was
tailored for the present study (Fig. 1) (see the Sup-
plementary Appendix).

RECRUITMENT OF LAY VOLUNTEERS

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.” Registration for
participation in the mobile-phone positioning sys-
tem was Web-based!! (details are provided in the
Supplementary Appendix).

DISPATCH OF LAY VOLUNTEERS

The sources of all emergency calls to the dispatch
center in Stockholm are geographically located
and are handled by dispatchers according to a
structured medical protocol. When an out-of-hos-
pital cardiac arrest is suspected (the patient is un-
conscious and is not breathing normally), several
actions are undertaken, including the dispatch
of an ambulance and first responders (i.e., fire
and police vehicles) and, if needed, the provision
over the telephone of instructions on how to per-
form CPR.

In this study, after consulting the medical
protocol, dispatchers who suspected that a patient
had cardiac arrest activated the mobile-phone
positioning system. Data about the type of emer-
gency and geographic coordinates were exported
from the dispatch-center computer system to the
mobile-phone positioning system. The location of
the patient with suspected out-of-hospital cardiac
arrest was compared with the current locations
of trained lay volunteers. All such volunteers
within a radius of 500 m from the patient received
a computer-generated telephone call and a text
message with information on the patient’s loca-
tion (Fig. S1 in the Supplementary Appendix). A
Web link to a map showing the location was also
sent to the volunteer.

RANDOMIZATION PROCEDURE

For practical reasons, the mobile-phone position-
ing system was active between 6 a.m. and 11 p.m.
After the system was activated by dispatchers, pa-
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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.

The : geograph

an -
source of all in

ic location of the

}('Smiﬁ\g emergency

calls in.Swe_c‘ien can be determined
\ automatically.

SMS: OHCA at
24 Main St.

Lay volunteer

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.

2318

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 4.0.1?

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-

N ENGLJ MED 372;24

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
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the assignments until the final analysis was com-
pleted and the randomization code was revealed.

PATIENTS

The inclusion criterion for randomization was sus-
pected out-of-hospital cardiac arrest. The exclu-
sion criteria were the following: suspected out-of-
hospital cardiac arrest in a patient younger than
8 years of age, a hazardous environment, and out-
of-hospital cardiac arrest caused by drowning,
trauma, intoxication, or suicide.

For data analysis, all out-of-hospital cardiac
arrests that were treated by EMS personnel in
which the mobile-phone positioning system service
was activated were included. If no lay volunteers
who were trained in CPR were present within
500 m of the patient, the case was not excluded
from the final analysis. All out-of-hospital cardiac
arrests that were not treated by EMS personnel
and cardiac arrests that were witnessed (seen or
heard) by EMS personnel were excluded.

PRIMARY AND SECONDARY OUTCOMES

The primary outcome was the rate of bystander-
initiated CPR before the arrival of an ambulance
or first responders. Cases in which CPR was ad-
ministered only with the help of instructions for
how to perform CPR given over the telephone
(i.e., not by trained volunteers) were not consid-
ered to be bystander-initiated CPR.

Secondary outcomes were bystander-initiated
CPR, including CPR that was given only with the
help of instructions given over the telephone,
findings of ventricular fibrillation or ventricular
tachycardia at the first electrocardiographic as-
sessment, return of spontaneous circulation, and
30-day survival.

Primary and secondary outcome data were
obtained from ambulance and first-responder
records, the Swedish Cardiac Arrest Registry
(which included 30-day survival data), and sur-
vey data from lay volunteers who were trained in
CPR and were dispatched to assist patients with
cardiac arrest.

STATISTICAL ANALYSIS

On the basis of results of a pilot study and re-
ported rates of CPR in Stockholm County, we
hypothesized that there would be a 25% increase
in the rate of bystander-initiated CPR, or an in-
crease of 12.5 percentage points (from 50.0% to
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62.5%), among patients with out-of-hospital car-
diac arrest who were assigned to the intervention
group.” We estimated that a total sample of 492
patients would be needed to provide a statistical
power of 80% to detect this increase, at a two-
sided significance level of 5%. To confirm that
the sample size was adequate and to permit a
safety analysis, a prespecified interim analysis
was performed after the inclusion of 200 patients.
Power calculations were performed with the use
of SPSS Sample Power 2.0 software (SPSS).

The chi-square test was used to assess the
between-group differences both in the proportion
of bystander-initiated CPR (i.e., the primary out-
come) and in the secondary outcomes. We present
the estimated between-group differences in pro-
portions and 95% confidence intervals, which were
calculated by means of the asymptotic method
without continuity correction.”

Logistic regression was used to study the as-
sociations between bystander-initiated CPR and
the intervention and each of the other eight pos-
sible confounding factors (the presence of ventricu-
lar fibrillation, the presence of ventricular tachy-
cardia, the cause of cardiac arrest, whether the
cardiac arrest had been witnessed, the location
of the cardiac arrest, the sex of the patient, the
response time, and the patient’s age) (Table S1 in
the Supplementary Appendix). Logistic regression
was also used to determine the corresponding re-
sults after adjustment for these factors. The model
strategy was as follows. First, we studied the
association between bystander-initiated CPR and
each of the factors one at a time. Second, we
estimated an adjusted model with all the factors
to study the effect of the intervention adjusted for
possible confounders. Third, to see whether the
effect of the intervention differed between the two
groups after adjustment for the possible confound-
ers, we tested possible two-way interactions be-
tween the intervention and each of the other
factors with the use of the Wald test. The results
are presented as odds ratios and corresponding
95% confidence intervals.

The analysis was performed with the use of
IBM SPSS software, version 22, and VassarStats
(http://vassarstats.net/prop2_ind.htm). A two-sided
P value of less than 0.05 was considered to indi-
cate statistical significance. The Hosmer—Leme-
show goodness-of-fit test was used to assess the
adjusted models, with P values above 0.05 consid-
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1808 Patients underwent randomization

947 (52%) Were assigned to control group

861 (48%) Were assigned to
intervention group

405 Did not have OHCA

389 Did not have OHCA

542 Had OHCA

472 Had OHCA

169 Were not treated by EMS
12 Had OHCA that was wit-
nessed by EMS personnel

149 Were not treated by EMS
17 Had OHCA that was wit-
nessed by EMS personnel

Final Analysis 361 Were treated by EMS

306 Were treated by EMS

Primary 172 (48%) Received bystander-initiated CPR
Outcome (data were missing for 1 patient)

188 (62%) Received bystander-initiated CPR
(data were missing for 1 patient)

Emergency Dispatchers.

Figure 2. Randomization and Treatment of Patients after Activation of the Mobile-Phone Positioning System by

ered to indicate an acceptable fit. No adjustment
was made for multiple testing.

RESULTS

LAY VOLUNTEERS

A total of 5989 lay volunteers who were trained in
CPR were recruited at the start of the study, and
9828 were recruited by the end of the study.
Among the lay volunteers who were recruited
initially, 48% (2898) were men; the mean age was
40 years.

PATIENTS

Figure 2 shows the assignment of patients to the
intervention group or the control group. The
mobile-phone positioning system was activated
in 1808 cases of suspected out-of-hospital cardiac
arrest. Patients who did not receive treatment
from EMS personnel were excluded, as were pa-
tients with cardiac arrest that was witnessed by
EMS personnel. In the final outcome analysis,
667 patients with out-of-hospital cardiac arrests
were included: 46% (306 patients) in the inter-

vention group and 54% (361 patients) in the
control group.

Table 1 shows the baseline characteristics of
all the patients with out-of-hospital cardiac arrest
who were included in the outcome analysis. There
were no significant differences between the two
groups.

OUTCOMES
As shown in Table 2, there was a between-group
difference of 13.9 percentage points (95% confi-
dence interval [CI], 6.2 to 21.2; P<0.001) in the
primary outcome: 61.6% of the patients in the
intervention group (188 of 305 patients) received
bystander-initiated CPR, as compared with 47.8%
of the patients in the control group (172 of 360
patients). There was also a significant difference
(9.5 percentage points; 95% CI, 2.0 to 16.9;
P=0.01) if cases in which instructions for how
to perform CPR were provided over the telephone
were counted as bystander-initiated CPR; with
inclusion of these cases, 64.3% of patients in the
intervention group received bystander-initiated
CPR as compared with 54.7% of patients in the
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Table 1. Baseline Characteristics of 667 Patients with Out-of-Hospital Cardiac Arrest Treated by EMS Personnel,
According to Treatment Group.*
Intervention Control

Characteristic (N=306) (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 83 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 instructionsT 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.
7 Some cases of bystander-initiated CPR were performed with telephone instructions and by a trained volunteer.

Table 2. Primary and Secondary Outcomes.*

Outcome Intervention Control Difference (95% Cl) P Value
no. of patients/total no. (%) percentage points
Primary outcome: bystander-initiated CPR 188/305 (61.6) 172/360 (47.8) 13.9 (6.2t021.2)  <0.001
Secondary outcome
30-day survival 32/286 (11.2) 28/326 (8.6) 2.6 (-2.1t07.8) 0.28
Return of spontaneous circulation 90/306 (29.4) 105/361 (29.1) 0.3 (-6.5t07.3) 0.93
Shockable rhythm: ventricular fibrillation 58/301(19.3) 60/347 (17.3) 2.0 (-4.0t0 8.0) 0.52
or ventricular tachycardia
Bystander-initiated CPR including CPR 196/305 (64.3) 197/360 (54.7) 9.5 (2.0to0 16.9) 0.01

performed with telephone instructions

* Cl denotes confidence interval.

control group. No significant between-group dif- In the unadjusted analysis (Table S1 in the
ferences were seen in other secondary outcomes Supplementary Appendix), the odds ratio for CPR
(return of spontaneous circulation, initial cardiac before the arrival of an ambulance or first respond-
rhythm, and 30-day survival). ers was 1.8 (95% CI, 1.3 to 2.6) among patients
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Table 3. Response of Volunteers Who Were Trained in CPR, According to Survey Data.*

Variable

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

No volunteers
1-3 volunteers
4-9 volunteers
>10 volunteers
Volunteer action — proportion of cases (%)

1 or more volunteers responded to SMS or voice
alarms

Volunteers reached scene

Volunteers arrived at scene before EMS personnel
and first responders

Volunteers started CPR

All Suspected
Out-of-Hospital
Intervention Control Cardiac Arrests
(N=306)7 (N=361)7 (N=861)

57 (19) 83 (23) 124 (14)

86 (28) 135 (37) 236 (27)

86 (28) 89 (25) 289 (34)

77 (25) 54 (15) 212 (25)
199 (65) NA 595 (69)
180 (59) NA 520 (60)

70 (23) NA 202 (23)

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.

T 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.

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.

N ENGL J MED 372;24

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
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Underwent Randomization

Did Not Undergo Randomization

381 Patients in the control
group were treated by EMS

323 Patients in the intervention
group were treated by EMS

925 Patients were treated by EMS

l l

l

361 Had OHCA that was not
witnessed by EMS personnel

306 Had OHCA that was not
witnessed by EMS personnel

736 Had OHCA that was not
witnessed by EMS personnel

515 Had OHCA

219 Had OHCA at night during the day

caused by trauma,
intoxication, suicide,
or drowning or were

426 Had OHCA

l

189 Were not identified as
having OHCA, according
to dispatcher's protocol

237 Were identified as having
OHCA, according to
dispatcher's protocol

time of the cardiac arrest were missing for two patients.

Figure 3. All Patients with Out-of-Hospital Cardiac Arrest in Stockholm County during the Study Period.

The mobile-phone positioning system was activated by dispatchers in 667 cases of OHCA, and these cases were randomly assigned to
either the intervention group or the control group. All OHCAs in Stockholm during the study period were recorded in the Swedish Cardi-
ac Arrest Registry. A review of this registry showed that in 925 cases, the mobile-phone positioning system was not activated by dis-
patchers for various reasons. Dispatchers were instructed to not activate the system in cases of trauma, suicide, drowning, or intoxica-
tion, or in the case of OHCA in children younger than 8 years of age. The system was active between 6 a.m. and 11 p.m. Data on the

to perform bystander-initiated CPR in patients
nearby who had an out-of-hospital cardiac arrest.
The rate of the primary outcome of bystander-
initiated CPR was significantly higher in cases
in which the mobile-phone positioning system
was activated than in cases in which it was not
activated (62% vs. 48%), and the logistic-regres-
sion analysis showed that bystander-initiated
CPR before the arrival of first responders or EMS
personnel was independently associated with the
dispatch of lay volunteers after activation of the
mobile-phone positioning system.

The increase in the rate of bystander-initiated
CPR was not the result of comprehensive public
education or information campaigns. However,
a study from Denmark showed an increase from
21% to 45% in the rate of bystander-initiated

N ENGL) MED 372;24

CPR over 9 years as a result of a nationwide pro-
motion of CPR.*

The absence of significant differences in the
baseline characteristics of the patients and cardiac
arrests suggests that there was no selection bias
at randomization. In this study, the mobile-phone
positioning system was functional when either
first responders (either a police or fire vehicle) or
an ambulance that was first to arrive on the scene
had relatively short response times. First respond-
ers arrive at the scene before an ambulance in
about 40% of all out-of-hospital cardiac arrests.”
Thus, we speculate that the mobile phone—based
alerting system might have a greater effect in areas
that lack first responders and that have low base-
line rates of bystander-initiated CPR (even that
performed by persons without prior training).
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Two thirds of all out-of-hospital cardiac ar-
rests occur at home!®; these events are associated
with low rates of bystander-initiated CPR and
worse outcomes.” In more than two thirds of all
cases in our study, in which lay volunteers who
were trained in CPR started CPR, the cardiac ar-
rest occurred in the patient’s home. Our results
suggest that a mobile-phone positioning system
is a useful strategy for sending lay responders to
treat all cardiac arrests, including those that oc-
cur at a patient’s home.

Automated external defibrillators (AEDs) are
usually placed in public places. A study in the
Netherlands showed that mobile-phone text mes-
sages were successfully used to send lay respond-
ers who had registered street addresses within
1000 m from patients with suspected out-of-hos-
pital cardiac arrest to perform CPR and use
AEDs. This system was also used to send volun-
teers to patients’ homes.!® Future integration of
mobile-phone positioning systems with AED reg-
istries may facilitate lay responders in locating
the nearest AED and thereby increase efficacy in
public-access defibrillation programs.

Other mobile-phone technologies have been
developed and used to send lay volunteers to
patients with suspected out-of-hospital cardiac
arrest.” In our study, almost 10,000 people vol-
untarily joined the program without any finan-
cial compensation, and no major adverse events
were reported. Other examples of engagement of
large numbers of lay volunteers are initiatives that
encourage public reporting of the location of
AEDs.?

The provision of instructions over the tele-
phone for how to perform CPR is a vital part of
the emergency response in most communities.?!
CPR with telephone instructions is most com-
monly performed by untrained or elderly bystand-
ers, and the quality of CPR may be impaired.?
The aim of the current study was to increase the
rate of bystander-initiated CPR by trained rescu-
ers. We speculate that there might be an addi-
tional value to recruiting trained bystanders, even
when another person has initiated CPR with in-
structions provided over the telephone. To reflect
the purpose of the present study, CPR performed
only by a person who was receiving telephone
instructions (i.e., only by a person not trained in
CPR) was not considered to be bystander-initiat-
ed CPR in the primary outcome analysis but was
included in our secondary analysis. In both situ-

ations, CPR rates were significantly increased.
The intervention may be less effective in areas
with a high rate of CPR performed with the help
of telephone instructions and an even higher
baseline rate of bystander-initiated CPR than the
rate in this study.

No significant between-group differences were
seen in the secondary outcomes of return of
spontaneous circulation and survival at 1 month.
In a meta-analysis by Sasson et al.,> the number
needed to treat with bystander-initiated CPR to
prevent one death was between 24 and 36. The
treatment effect of bystander-initiated CPR with
an increase of 14 percentage points in the rate
of CPR administered by trained responders was
not powerful enough to affect the survival rate
in our limited study population. To assess wheth-
er the increase in rates of bystander-initiated
CPR from 48% to 62% is enough to improve the
survival rate would require a much larger patient
population. However, bystander-initiated CPR has
repeatedly been shown to be associated with in-
creased survival rates in large patient cohorts.”*
In a recent study by Hasselqvist et al., reported
elsewhere in this issue of the Journal, bystander-
initiated CPR, as compared with CPR adminis-
tered after EMS arrival, was independently associ-
ated with an increased rate of 30-day survival
(odds ratio, 2.15; 95% CI, 1.88 to 2.45; P<0.001).”

Although in our study population, the inter-
vention was associated with an increase of 14
percentage points in the rate of bystander-initi-
ated CPR by a trained layperson, the mobile-
phone positioning system was activated in only
about half of all the out-of-hospital cardiac ar-
rests in the community. If our results were ap-
plied to the entire out-of-hospital cardiac arrest
population, including cases in which the mobile-
phone positioning system was not activated, the
overall increase in bystander-initiated CPR as an
effect of the intervention might have been less
than what was seen in our study population.
However, a more comprehensive identification
of cardiac arrests by dispatchers, extension of
the use of the mobile-phone positioning system
to assist patients with cardiac arrest that occurs
at night, technical improvements in the system,
and enrollment of additional lay rescuers may
increase the effect of the intervention.

Differences among cities and countries in
technical, legal, educational, social, and economic
factors may influence the generalizability of our
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results. A sufficient number of lay volunteers who
were trained in CPR is probably key to the current
results and may not be transferred to other so-
cial and cultural contexts.

Our study has a few limitations. First, it was
a single-center study that only involved one dis-
patch center, and it was not powered to analyze
survival. Second, the time from cardiac arrest to
the arrival of lay volunteers who were trained in
CPR could not be measured objectively. Finally,
the mobile-phone positioning system was not
used at night or in cases of trauma, drowning,
intoxication, or suicide or in persons younger
than 8 years of age; thus, our results might not

apply to out-of-hospital cardiac arrests that oc-
cur in such circumstances.
In conclusion, in the current study, the use of

a mobile-phone positioning system for location
and dispatch of lay volunteers who were trained
in CPR to patients nearby who had out-of-hospi-
tal cardiac arrest significantly increased the rate
of bystander-initiated CPR. The arrival of these
volunteers had little effect on clinical outcomes.
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