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ABSTRACT

Objective To investigate whether real-time audio and

visual feedback during cardiopulmonary resuscitation

outside hospital increases the proportion of subjects who

achieved prehospital return of spontaneous circulation.

Design A cluster-randomised trial.

Subjects 1586 people having cardiac arrest outside

hospital in whom resuscitation was attempted by

emergency medical services (771 procedures without

feedback, 815 with feedback).

Setting Emergency medical services from three sites

within the Resuscitation Outcomes Consortium in the

United States and Canada.

Intervention Real-time audio and visual feedback on

cardiopulmonary resuscitation (CPR) provided by the

monitor-defibrillator.

Main outcome measure Prehospital return of

spontaneous circulation after CPR.

Results Baseline patient and emergency medical service

characteristics did not differ between groups. Emergency

medical services muted the audible feedback in 14% of

cases during the period with feedback. Compared with

CPR clusters lacking feedback, clusters assigned to

feedback were associated with increased proportion of

time in which chest compressions were provided (64% v

66%, cluster-adjusted difference 1.9 (95% CI 0.4 to 3.4)),

increased compression depth (38 v 40 mm, adjusted

difference 1.6 (0.5 to 2.7)), and decreased proportion of

compressions with incomplete release (15% v 10%,

adjusted difference −3.4 (−5.2 to −1.5)). However,
frequency of prehospital return of spontaneous

circulation did not differ according to feedback status

(45% v 44%, adjusted difference 0.1% (−4.4% to 4.6%)),

nor did the presence of a pulse at hospital arrival (32% v

32%, adjusted difference −0.8 (−4.9 to 3.4)), survival to

discharge (12% v 11%, adjusted difference −1.5 (−3.9 to

0.9)), or awake at hospital discharge (10% v 10%,

adjusted difference −0.2 (−2.5 to 2.1)).

Conclusions Real-time visual and audible feedback

during CPR altered performance to more closely conform

with guidelines. However, these changes in CPR

performance were not associated with improvements in

return of spontaneous circulation or other clinical

outcomes.

Trial Registration Clinical Trials NCT00539539

INTRODUCTION

Cardiopulmonary resuscitation (CPR) is an essential
link in the chain of survival for treating cardiac arrest.
However, performance of cardiopulmonary resuscita-
tion is highly variable both outside hospital and in
hospital.1 2 Interruptions in chest compression, inade-
quate depth of chest compression, and high rates of
ventilation adversely affect blood flow during chest
compressions and can hinder resuscitation.3 4 Subopti-
mal CPR, particularly time spent without chest com-
pressions (low chest compression fraction), can reduce
survival of cardiac arrest patients.5

Current technology incorporated into a monitor-
defibrillator can assess core components of CPR (rate
and depth of compressions, extent of decompression,
and timing of ventilations) through the use of an accel-
erometer and impedance changes across the defibrilla-
tion electrodes. This technology can also provide real-
time audiovisual feedback so that the rescuer is
prompted to perform according to guideline specifica-
tions. Use of such feedback increases the likelihood of
performing CPR in accordance with guidelines during
training and simulation.6 Providing real-time feedback
enablesmore consistentCPRperformance both in and
outside hospital.7 8Although real-timeCPR feedback is
a promising strategy to improve resuscitation care, lit-
tle is known about the clinical effects of feedback dur-
ing resuscitation. Prior studies have not been designed
to rigorously assess the clinical outcome effects of real-
time CPR feedback.
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Three sites within the ResuscitationOutcomes Con-
sortium conducted a prospective cluster-randomised
trial to assess the clinical effects of real-time CPR feed-
back during emergency medical services’ attempted
resuscitation of prehospital cardiac arrest. We
hypothesised that the feedbackwould increase the pro-
portion of patients with return of spontaneous circula-
tion compared with resuscitation without such
feedback.

METHODS

Design and setting

The Resuscitation Outcomes Consortium was formed
frommultiple sites in the United States and Canada to
conduct controlled trials of prehospital treatment of
cardiac arrest and life threatening trauma. This clus-
ter-randomised controlled trial compared standard
CPR with CPR with real-time feedback in selected
emergencymedical services participating in theResus-
citation Outcomes Consortium. Data collection was
accomplished in two US sites (King County Washing-
ton, Pittsburgh, and Westmoreland County, Pennsyl-
vania) and one Canadian site (Thunder Bay, Ontario)
through the existing infrastructure of Epistry-Cardiac
Arrest. The Epistry-Cardiac Arrest is a prospective
multicentre observational registry of cardiac arrests
outside hospital that are attended by emergency med-
ical services and receiving institutions that participate
in the Resuscitation Outcomes Consortium clinical
research network.9 10 About half of the subjects in this
trial were concomitantly enrolled in the Resuscitation
Outcomes Consortium PRIMED randomised clinical
trial.11 12 The study was approved by the local institu-
tional review or research ethics boards for each parti-
cipating agency, with waiver of informed consent
under minimal risk criteria. The first subject was
enrolled on 1 February 2007, and enrolment ended
on 9 March 2009 after reaching full enrolment.

Population

The study subjects were adults aged ≥20 years who had
a cardiac arrest outside hospital and received rescue
shocks or chest compressions by a participating emer-
gencymedical servicewith amonitor-defibrillator cap-
able of real-time CPR feedback. Subjects were
excluded if known to be prisoners or pregnant, if the
cardiac arrest was due to traumatic causes, or if the
subject had a “do not resuscitate” order.

Intervention and randomisation

CPR feedback was provided through proprietary Q-
CPR software operating in the Philips MRx monitor-
defibrillator (Philips Medical Systems, Andover MA,
USA). Themanufacturer provided participating emer-
gency medical services with commercially available
devices equipped with visual and audible real-time
feedback on quality of CPR. The defibrillator includes
a “puck” with force transducer and accelerometer that
is placed on the patient’s sternum and connected to the
monitor to measure the frequency, depth, and release
of chest compressions. Ventilation is measured by

means of changes in transthoracic impedance between
the defibrillation electrodes or by capnography when
this was used. Emergency medical service providers
were trained in a manner consistent with local policy
and standards, with the exception that the “puck” was
to be used for data collection during resuscitation
regardless of whether the CPRwas randomised to pro-
vide feedback (“feedback-on”) or not (“feedback-off”).
The feedback feature of the defibrillator includes

audible voice prompts and visual messages on the
monitor screen that are triggered when measured
chest compressions or ventilation deviate from guide-
lines or are interrupted. Providers can mute the voice
prompts, but the visual prompts displayed on the
monitor screen continue and an intermittent audible
tone alerts the provider to the on-screen message.
These feedback features can be activated or deacti-
vated by an administrator password that was not avail-
able to the providers.
For this study, all the participating emergency med-

ical agencies conducted a three month run-in period
with the feedback feature turned off to establish famil-
iarity with the use of the puck and with downloading
data. After this period, a statistician in the coordinating
centre randomised clusters ranging in size from indivi-
dual emergency medical vehicles to groups of emer-
gency medical agencies to feedback-on or feedback-
off. Each cluster remained in its assigned mode for
two to seven months, after which it switched to the
opposite treatment arm. At the end of those two treat-
ment periods, each cluster was again randomly
assigned to feedback-on or feedback-off. This cycle
continued for the duration of the study. Each cluster
switched treatment arms at least once, and up to four
times, during the study.

Data collection and definitions

Data were abstracted from the emergencymedical ser-
vices’ dispatch and patient care reports, hospital
records, and the electronic defibrillator recordings.
Standardised definitions and a uniform manual of
operations were used to abstract patient characteristics
(age, sex), circumstances of the cardiac arrest (witness
status, arrest location, arrest before arrival of emer-
gency medical service, presenting rhythm), prehospi-
tal care (bystander CPR, emergency medical service’s
response intervals), and outcome at hospital
discharge.9 Initial presenting rhythm was classified as
ventricular fibrillation or pulseless ventricular tachy-
cardia, pulseless electrical activity, or asystole based
on review of the emergency medical service’s records
and defibrillator electrocardiogram.
In some instances, the defibrillator was operated in

automated external defibrillator mode, providing a
shock or no shock, but the electrocardiogram was not
available to classify the initial presenting rhythm.
These cases, where a shock was delivered, were classi-
fied as ventricular fibrillation or pulseless ventricular
tachycardia because of the high degree of specificity of
the defibrillator for detecting shockable rhythms.13
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Data about CPR performance were obtained from
the electronic recordings downloaded from the defi-
brillators. This information was processed by the Phi-
lips Q-CPR software program, which displays a
graphical and tabular summary of CPR processes to
determine the minute-by-minute chest compression
rate, chest compression fraction, ventilation rate,
mean chest compression depth, and proportion of
chest compressions with incomplete release. When
CPR providers did not use the puck or if the acceler-
ometer recording was unusable, we examined the
transthoracic impedance channel recordingsmanually
to calculate chest compression rate and fraction. Cases
were checked by a study coordinator experienced in
case review to assess if the automated measurements
were accurate.

Outcome measures and sample size estimates
Restoration of spontaneous circulation before hospital
admission was the primary study outcome and was
defined as thepresence of a palpable pulse in anyvessel
for any length of time during prehospital care. A pulse
at hospital arrival was defined as the presence of a palp-
able pulse at the time of arrival to the emergency
department.
Secondary outcomes included survival to hospital

discharge, neurological status at discharge, and CPR
variables. Survival to discharge was defined as dis-
charge alive from hospital after the index arrest.
Patients who were transferred to another acute care
facility (for example, to undergo placement of an
implantable cardioverter defibrillator) were consid-
ered to be still hospitalised. Patients transferred to a

long term care facility or reclassified as a non-acute
patient awaiting placement or chronic care were con-
sidered discharged. Neurological status at discharge
was assessed by review of the medical records and
was classified by degree of reported disability and dis-
charge destination. A standardised instrument was
used to categorise the neurological status of subjects
at discharge according to disability.
This study of real-time feedback provided during

prehospital CPR was designed with a power of 90%
and a two sided alpha of 0.05 to detect a 10% absolute
difference in return of spontaneous circulation
between intervention and control arms, with an
assumed 20% incidence of return of spontaneous cir-
culation at any time during resuscitation.

Statistical analysis

Baseline demographic information was summarised
by treatment group using frequency (percentage) for
categorical variables. For continuous variables, we
report themedian (interquartile range) andmean (stan-
dard deviation).
The primary analysis was a weighted, paired t test of

the rates of return of spontaneous circulation compar-
ing periods of feedback-on versus feedback-off. Rates
were paired by cluster; the cluster weights were pro-
portional to the harmonic mean of the number of sub-
jects treated within a cluster during the periods of
feedback-on and feedback-off.14 Tables present the
average within-cluster change, 95% confidence inter-
val for the change, and the respective P value. This
analysis was repeated on the secondary outcomes of
return of spontaneous circulation at time of arrival at

Cardiopulmonary resuscitation with real-time feedback (intervention)Cardiopulmonary resuscitation only (control)

Sites (n=3)

Clusters (n=39)

Cardiac arrests treated by emergency medical services (n=815)Cardiac arrests treated by emergency medical services (n=771)

Transport to hospital (n=438)Left at scene (n=333)

Spontaneous circulation
at hospital arrival (n=243*)

No spontaneous circulation
at hospital arrival (n=195)

Spontaneous circulation
at hospital arrival (n=260)

No spontaneous circulation
at hospital arrival (n=201)

Transport to hospital (n=461)Left at scene (n=354)

Prehospital return of
spontaneous circulation:

Yes (n=304)     No (n=134)

Prehospital return of
spontaneous circulation:

Yes (n=320)     No (n=141)

Died at scene (n=354)

Randomisation

Alive at scene
(n=1)

Died at scene
(n=332)

Died in hospital
(n=189)

Discharged
alive (n=6)

Died in hospital
(n=153)

Discharged
alive (n=89)

Died in hospital
(n=196)

Discharged
alive (n=5)

Died in hospital
(n=173)

Discharged
alive (n=87)

* Including 1 with unknown vital status

Fig 1 | Flow of subjects through the trial
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the emergencydepartment and survival to hospital dis-
charge. Analyses of secondary outcomes excluded
cases with missing outcome information (the primary
outcome, return of spontaneous circulation, was ascer-
tained in all study subjects). Subgroups were defined a
priori by presenting rhythm, sex, cause of the arrest,
and location of the arrest (public or private).Outcomes
analyses were repeated in each of these groups. Treat-
ment group was based on the principle of intention to
treat.

Measures of the CPR process were summarised by
the mean (standard error) and median (interquartile
range) on each treatment arm. The distribution of
each CPR variable was estimated by kernel density
estimation with aGaussian kernel function and plotted
by treatment arm. CPR variables were compared by
randomisation status by fitting a linear regression
model that included cluster as a fixed effect. The cluster
adjusted difference, 95% confidence interval for the

difference, and P value are presented. One participat-
ing agency randomised individual vehicles. For the
analysis of CPR variables, all vehicles from this agency
that did not treat at least five subjects during both the
feedback-on and feedback-off periods were combined
into a super-cluster.
To test for a carryover effect, we examined the treat-

ment effect during the first two treatment periods. Lim-
iting ourselves to those two periods, we calculated the
difference in the rates of restoration of spontaneous
circulation between the time when defibrillator feed-
back was off and the time it was on. We then classified
clusters as those randomised to feedback-on in the first
period or those first randomised to feedback-off. A
weighted two sample t test comparing the treatment
effect in the two types of clusters was performed as a
test for carryover effect. If therewas no carryover effect
we would expect the average change in cluster rates of
return of spontaneous circulation and survival to be
similar in those clusters randomised to feedback-on
first and those randomised to feedback-off first. This
analysis was repeated for the rates of survival to hospi-
tal discharge.

RESULTS

A total of 233 subjects, not included in the final analy-
sis, were enrolled in the run-in phase of the study, dur-
ing which the monitor-defibrillators were deployed in
feedback-off mode, and the results are presented to
show the baseline system and population characteris-
tics. Subsequently 1586 consecutive subjects were
enrolled (771 initially assigned to feedback-off and
815 to feedback-on) during the cluster-randomised
evaluable period and provided the two primary com-
parison groups (fig 1). No study related adverse events
were reported.
Subject demographics, arrest circumstances, and

emergency medical services’ response intervals did
not differ between the groups. Overall, cardiac arrest
occurred more commonly among men and in private
locations, was witnessed by a bystander or emergency
medical services about a third of the time, and most
often presented with asystole (table 1).
CPR process information was available for 1174

(74%) of the subjects. Compared with the cases with
CPR process data, the cases without data were more
likely to have been witnessed by emergency medical
services, to have arrested in a public location, to have
had a first rhythm of ventricular tachycardia or fibrilla-
tion or “no shock, no strip available” (when the defi-
brillator did not fire and no electrocardiogram was
available to confirm the initial rhythm), and have had
a longer interval between the call to the emergency
medical services and their arrival at the scene. Cases
without CPR process data were also less likely to
have prehospital return of spontaneous circulation.
There were no differences between the cases with and
without CPR process data in age, sex, bystander wit-
nessed, bystander CPR, return of spontaneous circula-
tion on arrival at the emergency department, or
survival to discharge.

Table 1 | Demographic and clinical characteristics of, and prehospital treatment received by,

subjects with a cardiac arrest who received cardiopulmonary resuscitation (CPR) outside

hospital: 233 patients during run-in phase of trial* and 1586 during evaluable period. Values

are numbers (percentages) of patients unless stated otherwise

Characteristic or treatment
Run-in phase

(n=233)

Evaluable period

Feedback-off
(n=771)

Feedback-on
(n=815)

Study site:

King County, Washington 97 (42) 367 (48) 432 (53)

Thunder Bay, Ontario 18 (8) 5 (1) 38 (5)

Pittsburgh, Pennsylvania 118 (51) 399 (52) 345 (42)

Mean (SD) age (years) 66 (17) 66 (17) 65 (17)

Male 152 (65) 480 (62) 520 (64)

Cardiac arrest witnessed:

By emergency medical services 22 (9) 82 (11) 83 (10)

By known bystander† 79/211 (37) 265/689 (38) 284/732 (39)

Bystander CPR† 101/211 (48) 347/689 (50) 383/732 (52)

Cardiac arrest in public location 34 (15) 98 (13) 112 (14)

Mean (SD) response times for emergency
medical services (minutes):

From emergency phone call to first arrival 5.9 (2.8) 5.8 (2.5) 5.5 (2.2)

From dispatch to shock assessment 10.6 (5.2) 11.4 (6.1) 11.7 (7.9)

First cardiac rhythm recorded:

Ventricular fibrillation or pulseless
ventricular tachycardia‡

45/232 (19) 182/769 (24) 191/811 (24)

Pulseless electrical activity‡ 62/232 (27) 177/769 (23) 210/811 (26)

Asystole‡ 111/232 (48) 319/769 (41) 336/811 (41)

Other 14/232 (6) 91/769 (12) 74/811 (9)

Prehospital treatment:

>1 shock given‡ 61/233 (26) 186/770 (24) 180/815 (22)

Mean (SD) No of shocks per case§ 3.0 (0.2) 2.9 (0.2) 3.4 (0.2)

Advanced life support on scene 231 (99) 770 (100) 813 (100)

Endotracheal intubation 195 (84) 595 (77) 646 (79)

Other advanced airway support 11 (5) 96 (12) 85 (10)

Mean (SD) total adrenaline (epinephrine)
dose given (mg)

3.3 (2.5) 2.8 (2.3) 2.8 (2.3)

*Trial of CPR provided by emergency medical services with monitor-defibrillator providing real-time feedback on

CPR process (“feedback-on”) or not providing feedback (“feedback-off”).

†Percentage of arrests not witnessed by emergency medical services.

‡Percentage of cases not missing data.

§Among those receiving shocks.
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The median (interquartile range) time of CPR pro-
cess information available for analysis was 6 (0–10)
minutes. In the feedback-on arm, emergency medical
service providers muted the audible feedback in 114
(14%) of the cases. During all available minutes of
data (table 2), cases randomised to feedback-on com-
pared with feedback-off had significantly lower mean
compression rate (103 v 108 per minute, P<0.001),
higher chest compression fraction (66% v 64%,
P=0.016), deeper chest compressions (40 v 38 mm,
P=0.005), and fewer chest compressions with incom-
plete release (10% v 15%, P<0.001). There were no sig-
nificant differences between groups for number of
ventilations per minute, proportion of patients

receiving more than one shock, or mean number of
shocks per case. Similar relationships were evident
when only the first five minutes of data were examined
(table 2).
A descriptive examination of the distribution of the

CPR process variables (fig 2) suggests that provision of
real-time feedback resulted in more consistent com-
pression rate and compression depth and fewer com-
pressions with incomplete release, with the feedback-
on group having a narrower frequency distribution
than the feedback-off group and smaller standard
deviations in each of the plots.
During the evaluation period, the proportion of

patients with prehospital return of spontaneous

Table 2 | Data on cardiopulmonary resuscitation (CPR) process received by patients with a cardiac arrest outside hospital:

233 patients during run-in phase of trial* and 1586 during evaluable period

Run-in
period
(n=233)

Evaluable period Difference of feedback-on from feedback-off

Feedback-off
(n=771)

Feedback-on
(n=815)

Cluster adjusted
difference (95% CI) P value

Data for all available minutes

Minutes of data recorded:

Mean (SE) 5.5 (0.3) 5.6 (0.1) 5.5 (0.1) 0.1 (−0.2 to 0.5) 0.481

Median (IQR) 5 (0–10) 6 (0–10) 6 (0–10)

No of compressions/minute: n=166 n=570 n=604

Mean (SE) 102.9 (1.6) 108.0 (0.7) 103.1 (0.5) −4.7 (−6.4 to −3.0) <0.001

Median (IQR) 106 (93–116) 109 (99–117) 103 (96–110)

CPR fraction (%): n=166 n=570 n=604

Mean (SE) 60.3 (1) 64.0 (1) 65.9 (1) 1.9 (0.4 to 3.4) 0.016

Median (IQR) 61 (51–71) 65 (56–73) 67 (59–74)

Compression depth (mm): n=86 n=467 n=529

Mean (SE) 34.3 (1.0) 37.8 (0.4) 39.6 (0.4) 1.6 (0.5 to 2.7) 0.005

Median (IQR) 34 (27–42) 37 (32–44) 40 (35–44)

Compressions with incomplete release (%): n=86 n=467 n=529

Mean (SE) 25.3 (2) 14.6 (1) 10.4 (1) −3.4 (−5.2 to −1.5) <0.001

Median (IQR) 22 (7–40) 8 (1–22) 5 (1–14)

No of ventilations/minute: n=24 n=346 n=347

Mean (SE) 4.9 (0.8) 5.6 (0.2) 5.8 (0.2) 0.1 (−0.5 to 0.7) 0.727

Median (IQR) 6 (2–7) 5 (2–8) 5 (3–8)

No (%) of caseswhen feedbackmutedby EMS 9 (5) 6 (1) 114 (14)

Data for the first five minutes of resuscitation

No of compressions/minute: n=166 n=561 n=595

Mean (SE) 101.3 (2.1) 107.3 (0.8) 103.1 (0.6) −3.9 (−5.9 to −2.0) <0.001

Median (IQR) 106 (91–116) 108 (98–117) 103 (96–111)

CPR fraction (%): n=166 n=562 n=595

Mean (SE) 58.2 (1) 61.9 (1) 64.1 (1) 2.3 (0.6 to 4.1) 0.008

Median (IQR) 61 (48–71) 63 (54–72) 66 (56–73)

Compression depth (mm): n=81 n=449 n=509

Mean (SE) 35.6 (1.1) 37.7 (0.5) 39.7 (0.4) 1.7 (0.6 to 2.9) 0.003

Median (IQR) 36 (29–43) 37 (31–45) 40 (35–45)

Compressions with incomplete release (%): n=81 n=448 n=509

Mean (SE) 25.4 (3) 14.6 (1) 10.9 (1) −2.9 (−4.9 to −0.8) 0.007

Median (IQR) 17 (2–47) 7 (1–22) 4 (1–14)

No of ventilations/minute: n=22 n=335 n=335

Mean (SE) 4.3 (0.9) 4.9 (0.2) 5.2 (0.2) 0.2 (−0.4 to 0.8) 0.501

Median (IQR) 4 (1–6) 4 (2–7) 5 (2–7)

**Trial of CPR provided by emergency medical services with monitor-defibrillator providing real-time feedback on CPR process (“feedback-on”) or not

providing feedback (“feedback-off”).

SE=standard error. IQR=interquartile range. EMS=emergency medical services.
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circulation (primary outcome) did not significantly dif-
fer between the feedback-on group (361/815 patients
(44%)) and feedback-off group (345/771 (45%))
(table 3). Similarly, presence of a pulse at the emer-
gency department, survival to hospital discharge, and
discharge awake did not significantly differ by feed-
back status (table 3).

Subgroup comparisons, planned a priori, by sex and
cause of cardiac arrest (presumed cardiac origin v not)
did not reveal differences in outcomes between the two
study groups. However, analysis by first documented
electrocardiographic rhythm showed that, among
those with an initial electrocardiogram rhythm of asys-
tole, a lower proportion of patients in the feedback-on
group had a pulse at arrival in the emergency depart-
ment than in the feedback-off group (43 (13%) v 59
(18%), P=0.029) (table 4). Hospital treatments for the
patients surviving at least one day and the discharge
status for those surviving to hospital discharge were
similar for both feedback-off and feedback-on groups
(table 5).

Table 6 presents the analysis for possible carryover
effects by comparing the clusters first randomised to
feedback-on with those clusters first randomised to
feedback-off during the first two randomisation peri-
ods. There was no evidence for a carryover effect. In
a retrospective analysis, we did note an apparent out-
come difference between feedback-off and feedback-
on based on the randomisation period. Feedback-off
during these first two randomisation periods was asso-
ciated with a greater likelihood of survival than

feedback-on (15% v 10%, cluster adjusted average dif-
ference −5.5 (95% confidence interval −9.6 to −1.3)).
However, for subsequent randomisation periods, feed-
back-onwas associatedwith a greater likelihood of sur-
vival (13% v 10%, cluster adjusted average difference
1.6 (−3.1 to 6.4)). A similar relation was observed for
the restoration of spontaneous circulation outcome,
whereby feedback-off was associated with greater like-
lihood of restoration of spontaneous circulation during
the first two randomisation periods and feedback-on
was associated with greater likelihood of restoration
of spontaneous circulation during subsequent rando-
misation periods.

DISCUSSION

This randomised controlled trial among people having
a cardiac arrest outside hospital compared perfor-
mance and outcomes of cardiopulmonary resuscita-
tion for subjects who were treated with or without
real-time audio and visual CPR feedback. The propor-
tion of patients with return of spontaneous circulation
did not significantly differ between feedback-on (44%)
and feedback-off (45%) groups. Similarly, the second-
ary outcomes of the presence of a pulse at arrival at the
emergency department, survival to hospital discharge,
and neurological status at discharge did not signifi-
cantly differ by assigned feedback status. Providing
real-time feedback did result in CPR performance clo-
ser to the established resuscitation guidelines.

During cardiac arrest, CPR can help sustain left ven-
tricular filling, prevent right ventricular distension, and

Compression rate (per minute)

Fr
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Average compression rate

20 40 60 80 100 120 140 160 180

Chest compression fraction (%)

Average compression fraction

0 20 40 60 80 120100

Compression depth (mm)
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nc

y

Average compression depth

0 10 20 30 40 50 60 70 80

Compressions with incomplete release (%)

Average proportion of compressions with incomplete release

0 20 40 60 80 100

Feedback off
Feedback on

Fig 2 | Frequency distribution of the rate, fraction, and depth of chest compressions and the percentage of chest compressions

with incomplete release during cardiopulmonary resuscitation stratified by whether monitor-defibrillators provided real-time

feedback (“feedback-on”) or not (“feedback-off”)
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maintain ameasure of systemic arterial perfusion to the
brain and heart.15 Early bystander CPR can improve
the likelihood of resuscitation. Several experimental
studies have indicated that the specific composition,
timing, and quantity of CPR (chest compressions and
ventilations) can influence the likelihood of successful
resuscitation, suggesting that the content of CPR may
bemodified or refined to improve survival.3 16 17 To this
end,major systematic changes in prehospital CPRper-
formance have been associated with important
advances in survival, providing support for the concept
that the characteristics of CPR can affect outcome.18-20

In general, these protocol-level changes have
increased the quantity of chest compressions and, in
turn, limited delays and interruptions in CPR.

Comparisons with other studies

Real-time feedback potentially helps improve CPR by
prompting providers to deliver the various compo-
nents of resuscitation (such as depth and rate of chest
compressions) as close to the established guidelines as
possible. The Q-CPR software used in this study and
the related software in the voice advisory training

manikin havebeen studied in training, simulated resus-
citation, and field conditions. For training, the voice
advisory manikin software improves skill acquisition
and retention in both lay public and prehospital care
providers.21 22 However, use of the voice advisory soft-
ware to guide CPR performance by nurses, field emer-
gency medical service providers, and paramedic
students on a manikin has typically limited the effects
to increasing chest compression depth.23-25

Two observational studies, one prehospital and one
in hospital, examined the association between real-
time feedback and clinical outcomes. The prehospital
investigation observed an increase in chest compres-
sion depth and a reduction in chest compression rate
associated with feedback.7 The study in hospital
observed no change in CPR measures associated with
feedback.8 Neither study randomised the intervention
nor observed a difference in clinical outcome asso-
ciated with feedback, but neither study was adequately
powered to detect a clinically important effect.

Our study randomised the feedback intervention in
more than 1500 cardiac arrest cases and was suffi-
ciently powered to detect a change in prehospital

Table 3 | Clinical outcomes of patients receiving cardiopulmonary resuscitation (CPR) outside hospital: 233 patients during

run-in phase of trial and 1586 during evaluable period*. Values are numbers (percentages) of patients unless stated

otherwise

Outcome
Run-in phase

(n=233)

Evaluable period Difference of feedback-on from feedback-off

Feedback-off
(n=771)

Feedback-on
(n=815)

Average change in cluster
percentages (95% CI) P value

Prehospital return of spontaneous circulation 106 (45) 345 (45) 361 (44) 0.1 (−4.4 to 4.6) 0.962

Transported to emergency department or
hospital

156 (67) 438 (57) 461 (57) −1.6 (−4.5 to 1.4) 0.298

Withpulse at arrival at emergencydepartment 72 (31) 243 (32) 260 (32) −0.8 (−4.9 to 3.4) 0.713

Survival for ≥1 day 65 (28) 213 (28) 234 (29) 0.4 (−4.6 to 5.4) 0.862

Survival to hospital discharge 27 (12) 96 (12) 92 (11) −1.5 (−3.9 to 0.9) 0.206

Discharge from hospital awake 20 (9) 78 (10) 84 (10) −0.2 (−2.5 to 2.1) 0.855

*Trial of CPR provided by emergency medical services with monitor-defibrillator providing real-time feedback on CPR process (“feedback-on”) or not

providing feedback (“feedback-off”).

Table 4 | Clinical outcomes of patients receiving cardiopulmonary resuscitation (CPR) outside hospital during evaluable

period of trial* by initial cardiac rhythm recorded. Values are numbers (percentages) of patients unless stated otherwise

Initial cardiac rhythm and clinical outcomes

Evaluable period Difference of feedback-on from feedback-off

Feedback-off Feedback-on
Cluster adjusted difference in

percentage (95% CI) P value

Ventricular fibrillation or pulseless ventricular tachycardia: n=182 n=191

Return of spontaneous circulation (any) 121 (66) 129 (68) 0.7 (−8.0 to 9.5) 0.861

Pulse at arrival at emergency department 96 (53) 106 (55) 0.6 (−11.2 to 12.4) 0.910

Survival to hospital discharge 64 (35) 60 (31) −5.1 (−15.8 to 5.6) 0.325

Pulseless electrical activity: n=177 n=210

Return of spontaneous circulation (any) 95 (54) 101 (48) −6.8 (−17.1 to 3.4) 0.170

Pulse at arrival at emergency department 67 (38) 84 (40) 0.2 (−10.8 to 11.2) 0.969

Survival to hospital discharge 18 (10) 24 (11) 1.2 (−5.1 to 7.5) 0.688

Asystole: n=319 n=336

Return of spontaneous circulation (any) 91 (29) 91 (27) 0.7 (−4.2 to 5.7) 0.769

Pulse at arrival at emergency department 59 (18) 43 (13) −5.5 (−10.5 to −0.6) 0.029

Survival to hospital discharge 8 (3) 4 (1) −1.2 (−2.5 to 0.2) 0.092

*Trial of CPR provided by emergency medical services with monitor-defibrillator providing real-time feedback on CPR process (“feedback-on”) or not

providing feedback (“feedback-off”).
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return of spontaneous circulation of 10%. The inter-
vention did produce chest compressions that were on
average 2 mm deeper (38 v 40mm), five compressions
per minute slower (108 v 103), more likely to have
complete release (85% v 90%), and less likely to be
interrupted or delayed (chest compression fraction of
64% v 66%). However, these changes in CPR process
did not translate to improvements in clinical outcomes.

Strengths and limitations of the study

A variety of explanations may account for this lack of
effect on survival. Firstly, feedback induced changes in
CPR performancemay be too small to affect outcome.
This and other studies indicate that feedback can
modify CPR performance; and CPR performance
has been associated with outcome.5 Nevertheless, lar-
ger changes in CPR may be required to alter survival.
Improvements in the content, delivery, and interface
of real-time feedback may enable greater changes in
CPR performance.
Secondly, the influence of feedback on outcome

may be related to baseline CPR performance. Feed-
back may have a greater potential impact in settings
where CPR performance is poorest. In our study the
CPR measures achieved in the feedback-off arm were

better than previously reported for outside hospital,
leaving little opportunity for improvement by real-
time feedback.
Thirdly, the current CPR guidelines that are encour-

aged by real-time feedback may not be optimal. For
example, feedback lowered the average compression
rate from 108 to 103, consistent with guideline recom-
mendations, but there is no evidence that a rate of 100
per minute is superior to 110 per minute. Indeed, a
higher rate would produce more total chest compres-
sions and might produce better circumstances for
resuscitation. The ability for feedback to improve out-
comes is only as good as the understanding used to
inform the CPR guidelines.
Fourthly, the style of feedback tested in this study

was corrective (that is, input was provided only when
CPR performance did notmeet guidelines) as opposed
to prescriptive (such as a continuous metronome). It is
possible that the feedbackdistracted fromother aspects
of resuscitation, offsetting any benefit. Other forms of
feedback or the different styles in which feedback is
delivered may produce different results.
This trial has several potential limitations. Providers

could not be blinded to the intervention so that their
care could have been influenced by their perceptions
of the merit of feedback. Awareness that CPR perfor-
mance was being monitored might have produced a
Hawthorne effect regardless of intervention arm, mak-
ing it more difficult to show a difference.26 Indeed,
measures of CPR complied more closely with guide-
lines during the evaluable phase compared with the
run-in phase for both feedback-on and feedback-off
arms.
We cannot rule out the possibility of a training effect

in clusters reassigning from feedback-off to feedback-
on. However, given that the treatment of cardiac arrest
by an individual prehospital care provider occurs
infrequently, the likelihood of two cases treated by an
individual provider around the time of reassignment to
the other treatment arm is small.
The emergencymedical services participating in this

study may not be typical of agencies across North
America. Although diverse in both operational prac-
tices and population served, agencies with the
resources and commitment required to participate in
prehospital clinical trials may deliver a different level
of care from those that do not.27 We made no correc-
tions for themultiple comparisonsmade between feed-
back-on and feedback-off. These limitations are offset

Table 5 | Hospital treatments and status at hospital discharge among patients receiving

cardiopulmonary resuscitation (CPR) outside hospital during evaluable period of trial*.

Values are numbers (percentages†) of patients

Evaluable period

Feedback-off Feedback-on

Hospital treatments in patients surviving ≥≥1 day n==213 n==234

Hypothermia 117 (57) 130 (57)

Diagnostic catheterisation 50 (24) 53 (23)

Percutaneous coronary intervention 43 (21) 35 (15)

Coronary artery bypass graft surgery 5 (2) 8 (4)

Permanent pacemaker 4 (2) 7 (3)

Implantable cardioverter defibrillator 23 (11) 19 (8)

Status of subjects surviving to hospital discharge n==96 n==92

Awake, no disability reported 29 (32) 35 (39)

Awake with presumed disability, discharged home 12 (13) 13 (15)

Awake with presumed disability, discharged to inpatient rehab 13 (14) 15 (17)

Awake with presumed disability, discharged to nursing home 22 (24) 18 (20)

Not awake 15 (16) 8 (9)

Missing discharge status/location 5 (5) 3 (3)

*Trial of CPR provided by emergency medical services with monitor-defibrillator providing real-time feedback on

CPR process (“feedback-on”) or not providing feedback (“feedback-off”).

†Data missing in approximately 3% of cases, and percentages based on non-missing data.

Table 6 | Tests for carryover effect by comparison of the clusters of cardiopulmonary resuscitations (CPR) outside hospital

first randomised to feedback-on with those clusters first randomised to feedback-off during the first two randomisation

periods of trial*

Outcome

Difference of feedback-on from feedback-off

Average percentage change in cluster outcome rates (95% CI)

P value for test of carryoverFeedback-on first clusters Feedback-off first clusters

Prehospital return of spontaneous circulation −8.4 (−17.4 to 0.7) −7.3 (−17.5 to 2.9) 0.865

Survival to hospital discharge −5.6 (−11.9 to 0.8) −5.3 (−11.7 to 1.0) 0.959

*Trial of CPR provided by emergency medical services with monitor-defibrillator providing real-time feedback on CPR process (“feedback-on”) or not

providing feedback (“feedback-off”).
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by the study’s strengths—a randomised trial design
with rigorous data collection procedures within a well
developed clinical trial group.
The study evaluated one style of feedback. It is pos-

sible that the current version of feedback improved
some parts but distracted from other aspects of resusci-
tation, offsetting any benefit. Interestingly, retrospec-
tive analysis suggested feedback-on was associated
with lower likelihood of favourable outcome during
the first two randomisation periods and a greater like-
lihood of successful resuscitation for subsequent ran-
domisation periods. These results may be due to
chance, but other potential explanations include the
presence of a learning curve, whereby the feedback
becamemore effective as providers gained experience
with the interface. Other feedback modalities or con-
tent may produce different results.

Conclusions

Provision of real-time feedback during CPR by emer-
gency medical services did not alter the proportion of
subjects achieving return of spontaneous circulation in
the field even though CPR performance was closer to
established guidelines when feedback was provided. It
is likely that successful resuscitation requires an inte-
grated and timely set of actions, of which CPR is a
core component. Feedback provides a strategy to
alter individual CPR performance, although the cur-
rent feedback alone did not improve outcome. Ulti-
mately the role of feedback may be determined by
our understanding of cardiac arrest and resuscitation
physiology coupled with efforts to optimise the effec-
tiveness of CPR feedback.
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