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Summary

Background—Evidence suggests that dispatcher-assisted chest compression-only bystander
CPR may be superior to standard CPR (chest compressions and rescue ventilation) in out-of-
hospital cardiac arrest, yet recent clinical trials did not observe improved outcomes. The goal of
the study was to determine the association between chest compression-only CPR and survival after
out-of-hospital cardiac arrest.

Methods—Studies published until August 2010 were systematically searched and identified in
MEDLINE and EMBASE databases. For the primary meta-analysis only clinical trials were
included that prospectively randomized dispatcher instructions to chest compression-only versus
standard bystander CPR in out-of-hospital adult cardiac arrest patients; for the secondary meta-
analysis observational cohort studies were included that distinguished between standard CPR and
chest compression-only CPR. All studies were required to contain survival data. Data on study
characteristics, methods and outcomes (return of spontaneous circulation, survival to discharge,
30-day survival, and favourable neurologic outcome) were extracted. A fixed-effects model was
used for both meta-analyses for lack of heterogeneity among the studies (12 0%).

Findings—All three published randomized clinical trials were included in the meta-analysis. The
pooled analyses shows that dispatcher-assisted chest compression-only bystander CPR for adult
out-of-hospital cardiac arrest was associated with a 22% improved chance of survival (risk ratio
[RR] 1.22 [95% confidence interval {CI}, 1.01 — 1.47]; 12, 0%) compared to standard CPR. The
absolute increase in survival was 2.4%; the number needed to treat was 41. The secondary meta-
analysis included seven observational studies of bystander-CPR (not dispatcher-assisted) and
showed no difference between the two CPR techniques (RR, 0.96 [95% CI, 0.83 — 1.11]; 12, 0%).
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Interpretation—Dispatcher-assisted chest compression-only bystander CPR is associated with
improved survival in adult patients after out-of-hospital cardiac arrest compared to standard CPR.

Introduction

Methods

The optimal method for bystander out-of-hospital cardiopulmonary resuscitation (CPR) is
controversial.l: 2 Recommended standard basic life support combines chest compressions
and rescue ventilation.3: 4 Over the course of the last decade, evidence from animal
experiments® ¢ and observational human studies’~12 questioned the usefulness of rescue
ventilation during adult CPR. These studies found chest compression-only CPR either
equivalent to standard CPR with rescue ventilation or suggested even a benefit. However,
the evidence was largely inconclusive mostly due to the observational study design or small
sample size.

A single clinical trial published in 2000 randomized 520 patients with out-of-hospital
cardiac arrest to either dispatcher-assisted chest compression-only or standard CPR and
found a statistically non-significant survival benefit for chest compression-only CPR
(relative difference: 40%, absolute difference: 4.2%, p=0.18).14 Very recently, two
additional randomized clinical trials reported a similar, albeit statistically non-significant,
positive trend for dispatcher-assisted chest compression-only CPR. Rea et al.1® found a 14%
increased survival to hospital discharge (1.5% absolute increased survival, p=0.31) among
1941 patients and Svensson et al.16 report a 24% improved 30-day survival (1.7% absolute
increased survival, p= 0.29) among 1276 patients with cardiac arrest. Despite a uniform
trend favouring chest compression-only CPR in all three trials, the results were inconclusive
as of which dispatcher-assisted bystander-CPR method is superior.

Therefore, the goal of this study was to summarize the existing evidence regarding chest
compression-only CPR in a systematic review and to compare it to standard CPR in a meta-
analysis.

We followed the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) guidelinel’ for randomized clinical trials and the MOOSE (Meta-analysis Of
Observational Studies in Epidemiology) guidelinel® for observational cohort studies in this
meta-analysis.

Search Strategy

Accessing MEDLINE and EMBASE databases, we performed a literature search for studies
published between 1985 and August 2010 using the following search terms and key words:
chest compression-only, compression alone, hands-only, bystander CPR. In addition, we
manually checked the reference list of each article. The main focus of this study was on
randomized clinical trials, but we also performed a secondary analysis of observational
cohort studies.

Study Selection

We separated the systematic review and meta-analysis into two parts: in the primary
analysis, randomized clinical trials were included and in the secondary, observational cohort
studies. Only three randomized clinical trials have been conducted where adult patients
suffering from out-of-hospital cardiac arrest received randomized instructions by a
dispatcher for either chest compression-only CPR or standard CPR, and all three trials were
included in the systematic review and meta-analysis. For observational studies, the
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following eligibility criteria were required for inclusion: (1) observational cohort studies (no
case series); (2) comparison between chest-compression-only CPR and standard CPR; (3)
survival data available; (3) adult population; (4) unstratified cohort (e.g., arrests of non-
cardiac origin only); (5) bystander CPR; (6) out-of-hospital arrest. Articles were considered
if published in English and German; this notwithstanding, no other foreign language study
was found.

Data Extraction

Besides information about study design, characteristics, and sample size, we extracted the
following data from the articles: actual numbers of survivors and non-survivors and
corresponding cohort sizes and event rates. Survival to discharge was the primary outcome
variable, but we also obtained outcome data on: return of spontaneous circulation (ROSC);
30-day survival; favourable neurologic outcome. If survival to discharge data were not
available, we used 30-day survival as the primary outcome.

Statistical Analysis

Results

We performed the analysis with the Comprehensive Meta Analysis software, version
2.2.050 (Biostat, Englewood, NJ). Risk ratios (RR) and 95% confidence intervals were
(re-)calculated for each study and pooled in both a fixed-effects and random effects model.
However, since the heterogeneity of within all meta-analyses was negligible, as indicated by
an 12 statistics of 0%, we report only the results of the fixed-effects model. The
Comprehensive Meta Analysis software uses the inverse variance method for weighing
studies; however other methods can be selected, such as Mantel-Haenszel. The results in our
meta-analyses did not differ between each method. The primary analysis included only
randomized controlled trials, and the secondary analysis observational cohort studies.

Heterogeneity among studies was formally assessed by the Q and 12 statistics. Publication
bias was tested with the Egger’s regression test.

The systematic review identified three randomized clinical trials where adult patients
suffering from out-of-hospital cardiac arrest received dispatcher-assisted bystander CPR that
was randomized to either chest compression-only CPR or standard CPR including rescue
ventilation.14~16 The quality of these trials was high; all reported their outcomes on an
intention-to-treat analysis, had scarce missing data and had a low rate of intervention cross-
overs. All three trials were included in the meta-analysis and we used survival to discharge
as primary outcome in our analysis (Figure 1). Uniformly, each of the three clinical trials
showed individually a small, but statistically non-significant, survival benefit for patients
who received chest compression-only CPR. After pooling the studies in a meta-analysis,
chest compression-only bystander CPR was associated with a statistically significant 22%
improved chance of survival (risk ratio [RR] 1.22 [95% confidence interval {Cl}, 1.01 —
1.47]) compared to standard CPR (Figure 2). The meta-analysis had no heterogeneity as
indicated by an 12 of 0. The absolute increase in survival was 2.4% and the number needed
to treat was 41.

In a secondary systematic review, all observational cohort studies were identified that
investigated chest compression-only bystander-CPR versus standard CPR (not dispatcher-
assisted). After a comprehensive search, seven articles were identified that met the search
criteria (Figure 1). Out of 74 articles with suggestive titles and abstract, 64 had to be
excluded because they did not report any chest compression-only CPR data. It must be
pointed out that none of these non-randomized studies investigated dispatcher-assisted CPR.
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All seven studies investigated prospectively or retrospectively the association between the
CPR method lay bystander performed (chest compression-only or standard CPR) and
survival.

Except for one study, 2 all observational studies showed no statistically significant survival
difference between the two CPR methods. It is of note that despite our intention to use
survival to discharge as the primary outcome in the meta-analysis, we had to use 30-day
survival for lack of reporting survival to discharge data in 2 studies.”+ 8 In the pooled meta-
analysis of all observational cohort studies (Figure 3), chest compression-only CPR was not
associated with a difference in survival compared to standard CPR (RR, 0.96 [95% CI, 0.83
- 1.11]; 12, 0%). Furthermore, chest compression-only CPR did not improve the rate of
return of spontaneous circulation (RR, 0.99 [95% ClI, 0.88 — 1.12]; 12, 0%; Figure 4).

Discussion

The results of this meta-analysis show that dispatcher-assisted chest compression-only
bystander CPR is associated with improved survival after out-of-hospital cardiac arrest in
adults patients compared to standard CPR (chest compression plus rescue ventilation).

Since meta-analyses are statistical tools for pooling existing evidence, we should consider
the strength of the evidence favouring chest compression-only CPR. Despite the small
number of trials included in this meta-analysis, 1416 the evidence favouring dispatcher-
assisted chest compression-only CPR appears to be robust since all randomized clinical
trials found a similar, albeit statistically non-significant, positive effect of chest
compression-only CPR on survival. The effect size may appear small (~22%), but rates of
survival after out-of-hospital cardiac arrest have been stagnating around 4-8 % for the last
decades and thus a 22% increase in survival may actually represent an important progress.
The incidence of cardiac arrest is about 0.5/1000 in North America.1® Extrapolating this
number to include North America and the European Union (population: ~850 mio.), an
absolute 2% increase of survival (as found in our meta-analysis), e.g. from 10% to 12%
(20% relative increase), would mean an additional 8,000 lives saved per year.

The main reason why neither clinical trial showed a benefit of dispatcher-assisted chest
compression-only CPR over standard CPR was probably because of lack of adequate power.
The fact that only three clinical trials investigating dispatcher-assisted chest compression-
only CPR have ever been conducted in out-of-hospital cardiac arrest, speaks for the
difficulty of conducting well-designed prospective studies in this setting. Well identified
challenges involve obtaining informed consent, the limited time to randomize patients, the
fidelity of following the study protocol, the tracking of patients and outcomes and the
difficulties in blinding the interventions. Because survival rates after out-of-hospital cardiac
arrest are low and large treatment effects unlikely, very large sample sizes are required to
show a statistically significant survival benefit. No chest compression-only clinical trial had
more than 125 “events” (survivors) in a study arm, a number that may be considered fairly
small for statistical analyses.

A second question that needs to be addressed is the plausibility of our findings. While being
considered a controversial topic,20: 21 several independent lines of evidence suggest that
chest compression-only CPR, assisted by dispatchers but perhaps also for non-assisted
bystander CPR, may indeed be superior to standard bystander CPR in out-of-hospital cardiac
arrest. Because this topic has been intensively discussed over the last few years, only the
most pertinent explanations will be mentioned. The importance of uninterrupted, high-
quality chest compressions for CPR success has been repeatedly documented.?2=24 Limiting
hands-off time, both for lay people and healthcare professionals, is an important predictor
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for survival after cardiac arrest. By avoiding rescue ventilations during CPR, which are
commonly fairly time-consuming for lay bystanders,2° a continuous uninterrupted coronary
perfusion pressure is maintained which increases the probability of a successful outcome.5 It
should be noted that these considerations were the main reason to increase the
compression:ventilation ratio for standard BLS from 15:2 to 30:2 in the 2005 resuscitation
guidelines. All three dispatcher-assisted CPR trials used the old 15:2 ratio. It is unclear if
using the current 30:2 ratio would have changed the results. Secondly, particularly for
witnessed cardiac arrest it may be of less importance to provide oxygenation and ventilation
during the first minutes than to provide high-quality chest compressions. Thirdly, chest
compression-only CPR is easier to teach, to learn and to perform compared to the fairly
complex standard CPR algorithm, thus increasing the chances of bystander to intervene and
provide any CPR.

It is an interesting observation that our secondary meta-analysis that included only
observational cohort studies and not randomized controlled trials, did not show any benefit
of chest compression-only CPR compared to standard CPR. It needs, again, be pointed out
that these observational studies did not investigate dispatcher-assisted bystander CPR, but
aimed to investigate the chances of survival after out-of-hospital cardiac arrest between
chest compression-only and standard CPR. In none of these studies, chest compression-only
CPR had been taught to bystanders; rather, it was a deliberate decision of the lay bystander
to avoid mouth-to-mouth rescue ventilation. While evidence suggests now that dispatcher-
assisted chest compression-only CPR may be superior to standard CPR in adult out-of-
hospital cardiac arrest, several special circumstances exist where chest compression-only
CPR may not be beneficial. Recent evidence from a large-scale prospective cohort study
indicates that in cardiac arrest from non-cardiac causes, e.g., drowning, trauma, asphyxia,
standard CPR may actually improve survival.28 Moreover, in paediatric out-of-hospital
cardiac arrest which is also commonly of non-cardiac origin, a similar benefit may be
conferred by standard CPR as well.2” Therefore, it appears that the benefits of chest
compression-only bystander CPR are largest in adult patients suffering from “cardiac”
arrest.

In summary, findings from this meta-analysis provide evidence that in adult out-of-hospital
cardiac arrest dispatcher-assisted chest compression-only bystander CPR is associated with
improved survival compared to standard CPR (chest compressions plus rescue ventilations).
It is, however, unclear if unassisted chest compression-only bystander CPR provides similar
survival benefits.
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Study name
Risk Lower Upper
ratio  limit limit
Rea et al. NEJM 2010 1136 0.889 1.451
Svensson etal., NEJM 2010 1.293 0.899 1.859
Hallstrom et al., NEJM 2000 1.398 0.882 2.216
1.215 1.009 1.464

Statistics for each study

Z-Value p-Value

1.018
1.385
1.425
2.056

0.309
0.166
0.154
0.040

Risk ratio and 95% CI

0.01 0.1 1 10 100

Favours chest

Favours standard BLS compression-only

Meta Analysis

Figure 2.

Primary Analysis of Randomized Controlled Trials in Chest Compression-Only CPR
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Statistics for each study
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Iwami, 2007 0.936
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Van Hoeyweghen, 1993 0.617
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0.542

Risk ratio and 95% CI
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Figure 3.

Secondary Analysis of Observational Cohort Studies in Chest Compression-Only CPR
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ratio fimit limit ZValue p-Value
0991 0853 1152 0115 0908
108 0683 1610 0216 08290
Waslowin 2001 0962 0602 1538 -0161 0872
Olasveengen, 2008 0978 0752 1272 -0.165 0869
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Meta Analysia

Figure 4.
Return of Spontaneous Circulation in Chest Compression-Only CPR

Lancet. Author manuscript; available in PMC 2011 May 6.

Page 11



Page 12

Hiipfl et al.

‘(JeAIAINS Y99M T :[€ 19 IWeM| {[eAIAINS Aep-0g :01UeM-SOS
pue ‘[e 18 wyog ‘sAep T Ja1je axeme :'|e 18 uayBamA30H UeA) 3|ge|ieARUN SeM UOITRWIOLUI SIU) UayMm 1daoxa ‘aBueydsip 03 [AIAINS 21aM SISAJeUR-BIaW B} 104 PasN Blep ‘Sa1pnis 10yo9 [eUOIRAISS]O 3yl U]
*dnoif YdD prepuels ayl Ul (90°L) 959/91 pue dnoab YdD Ajuo-uoissaidwod 1sayd
aU Ul SIOAIAINS (9%/°8) 029/7S Sey (feainins Aep-0g) awoino Arewiid 11y “[e 18 UoSSUaAS Ag Apnis ayl Ut aueyasip 03 [AIAINS 1SI| 9M ‘S|eLI) [2IIUID PAZILIOPUR 334U} BU} USAMIB] 32US1SISUOD 3JNSUd 0]

¥

[eAInins Aep-og afiaeyosip |endsoy 03 [eAIAINS papiodal 10N (%8°2) 182/8 (%9°2) ¥ST/¥ aAnadsoid 8002 7' 18 Buo
[endsoy o uoissiwpe 05Oy | eBreyosip [endsoy o) [eninIng pauodal 10N (%5'2T) 182/5€ (%€°0T) SYT/ST anoadsosal 800C 2 19 U3DUAASEIO
[eAIAINS

JeaA-T ‘Aep-0g Noam-T 1S8.1Je JRIpJRD Jalje Jesh T .
‘Jendsoy 0} uoIssiwpe ‘DS0Y | swoano a1fiojoinsu ajgelone (%T1°0) 8EVEZIST (%2°07) €82/08 (%9°6) ¥¥5/25 aAnoadsoid £00¢ g"[e 13 Iurem|

[eAIAINS .
Kep-0¢ ‘[endsoy 0} uoIsSILUPY (%0) §22TT/0 (%L°9) 6028/0SS (%z'L) STT/28 3A103ds0.331 £00c ; "Ie 18 wWyog

1Sa.Ie JBIPJRD J3)JR SABp 0F d

[eA1AINs Aep-0g aWoaINo 2160]0IN3U B|qeIONE (%0) 890¥/0 (%T°8) 212/85 (%2°8) 6EV/8E onnoadsoid | L0OZ gp:dnoib-Apms oiue-sos

abreyosip [endsoy 01 [eAIAINS
‘[endsoy 03 UoISSILPY

pauodal 10N

(%0'¥T) LEVITO

(%9¥T) T7/9

annoadsoud

1002 mH,._m 19 ulimajeepy

¥dD Jaye sAep pT axemy paniodal 10N (9%0°9T) EvP/TL (966'6) £92/92 annoadsonas | E66T 7771819 UaLBamAROH ueA
£ S21PMIS LI0YOD [EUONEAIBSAO
[ab1eyosip 03
ol _mw,w_mxmw__w\_,ﬂw,ﬁwom%g [eAIAINS ABp-0g az&ﬁ.uom\ﬁ% % MNNHH\%% L(%8'VT) L62/vY L(%T'6T) 282/vS 1oy 0T0Zg7"[e 19 UOSSUAAS
abseyosip 1e “

awooIno a1Bojounau sjqelones | aBreyasip fendsoy o) [eAIAINS (%¥°0) TY6T/L (%0°TT) 856/50T (%5'2T) 8.6/22T 1o¥ 0102 g7 Ie 19 E3Y

SIOAIAINS JO SnJels 2160j0inau .
‘endsoy 03 uolssIWPY abieyosip [endsoy o) feAInINg (%V°0) 025/2 (%v'0T) 8.2/62 (%9'7T) Ovz/se oY 0002 7 1€ 38 WossiEH
S[eld| pa|joJIuo) paziwopuey
sjulodpu3 Arepuodss awo2NQ Atewiid BIep awodnQ Bulssin HdD paepuels Aluo ubisag Apms 824n0S

S1UBIIRd/SIOAIAING
J0 JaquinN

uoissaadwod 158y
S1UB1IBd/SIONIAINS
10 JaquinN

NIH-PA Author Manuscript

ddD Aup-uoissaidwiod 18y U0 SaIpmS papnjou] Jo sanstIaloeRyD

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Lancet. Author manuscript; available in PMC 2011 May 6.



