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Bystander-initiated chest compression-
only CPR is better than standard CPR
in out-of-hospital cardiac arrest
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ABSTRACT

Introduction: Out-of-hospital cardiac arrest has a low survival rate to hospital discharge. Recent studies com-
pared a simplified form of CPR, based on chest compression alone versus standard CPR including ventilation.
We performed systematic review and meta-analysis of randomized controlled trials, focusing on survival at
hospital discharge.

Methods: We extensively searched the published literature on out-of hospital CPR for non traumatic cardiac
arrest in different databases.

Results: We identified only three randomized trials on this topic, including witnessed and not-witnessed car-
diac arrests. When pooling them together with a meta-analytic approach, we found that there is already clinical
and statistical evidence to support the superiority of the compression-only CPR in terms of survival at hospital
discharge, as 211/1842 (11.5% ) patients in the chest compression alone group versus 178/1895 (9.4% ) in the
standard CPR group were alive at hospital discharge: odds ratio from both Peto and DerSimonian-Laird methods
=0.80 (95 % confidence interval 0.65-0.99), p for effect =0.04, p for heterogeneity = 0.69, inconsistency =0%).
Conclusion: Available evidence strongly support the superiority of bystander compression-only CPR. Reasons
for the best efficacy of chest compression-only CPR include a better willingness to start CPR by bystanders,
the low quality of mouth-to-mouth ventilation and a detrimental effect of too long interruptions of chest com-
pressions during ventilation. Based on our findings, compression-only CPR should be recommended as the
preferred CPR technique performed by untrained bystander.

Keywords: cardiopulmonary resuscitation; meta-analysis; systematic review, cardiac arrest, randomized trials,
compression-only.

INTRODUCTION discharge has improved little over the past
decades (2). Bystander-initiated cardiopul-
monary resuscitation (CPR) is essential to

increase the chance of survival and neuro-

Out-of-hospital cardiac arrest is still a ma-
jor public health issue (1), claiming hun-

dreds of thousands of lives worldwide year-
ly. Unfortunately, survival rate to hospital
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logical recovery (3). Despite huge efforts to
train laypeople to recognize and treat car-
diac arrest, incidence of bystander CPR re-
mains very low (4). Reluctance to perform
mouth-to-mouth ventilation is one of the
major reason (5, 6). Whereas CPR includ-
ing ventilation is still considered the gold
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standard approach before advanced life sup-
port can be instituted, a growing number
of studies compared a simplified form of
CPR, based on chest compression alone
versus standard CPR including ventila-
tion. Animal studies showed no difference
in survival (7) or even worse outcomes (8)
when ventilation was added to chest com-
pressions; nevertheless, in animal models
of cardiac arrest due to respiratory causes
a positive effect of ventilations was demon-
strated (9). In humans, observational stud-
ies of bystander-initiated CPR comparing
standard and compressions-only CPR re-
ported similar survival rates (10-12); how-
ever, interpretation of the results is made
difficult due to the high heterogeneity of
the causes of cardiac arrest and of the res-
cue characteristics. Chest compression-only
CPR is simpler than standard CPR to teach
(during courses but even by dispatchers
under real conditions), and likely a higher
percentage of bystanders would accept to
perform it while avoiding mouth-to-mouth
contact (6): the demonstration that it is (at
least) as effective as standard CPR can be
crucial to improve survival rate in out-of-
hospital cardiac arrest.

With the underlying hypothesis that out-
of-hospital cardiac arrest bystander-initi-
ated compression-only CPR is equivalent to
CPR including ventilation (standard CPR),
we performed a comprehensive systematic
review and meta-analysis of randomized
controlled trials, focusing on survival at
hospital discharge.

METHODS

Search strategy

Pertinent studies were independently
searched in BioMedCentral, CENTRAL,
and PubMed (updated September 1t |
2010) by several trained investigator. The
full search strategies in Pubmed was “(cpr

OR resuscitation) AND compression AND
breath* AND cardiac AND arrest AND
survival)”. Further hand or computerized
searches involved the recent (2008-2010)
conference proceedings from the Interna-
tional Anesthesia Research Society, Ameri-
can Heart Association, American College of
Cardiology, American Society of Anesthe-
siology and European Society of Cardiology
congresses. In addition, we employed back-
ward snowballing (ie scanning of reference
of retrieved articles and pertinent reviews)
and contacted international experts for fur-
ther studies. No language restriction was
enforced, and non-English-language arti-
cles were translated when appropriate.

Study selection
References obtained from database and lit-
erature searches were first independently
examined at the title/abstract level by sev-
eral investigators with divergences resolved
by consensus, and then, if potentially perti-
nent, retrieved as complete articles.

The following inclusion criteria were em-

ployed for potentially relevant studies:

a) random allocation to treatment;

b) comparison of chest-compression-only
versus standard CPR.

The exclusion criteria were:

a) non-parallel design (ie cross-over) ran-
domized trials,

b) duplicate publications (in this case only
the article reporting the longest follow-
up was abstracted);

¢) non-human experimental studies;

d) no outcome data.

Two investigators independently assessed

compliance to selection criteria and selected

studies for the final analysis, with divergenc-

es finally resolved by consensus (Table 1).

Data abstraction and study
characteristics

Baseline and outcome data were indepen-
dently abstracted by several investigators
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Table 1 - Design features and appraisal of the internal validity of included studies. *

Main Publication | Multicenter L .for Treatment RISk.Of Rls.k .Of AL 2 i
. allocation . selection | performance | attrition | detection
Investigator Type enrollment allocation 5 5 3 A
concealment bias bias bias bias
ggi OTD’ AL Full paper Yes Envelopes Randomization A B#* A A
Svensson L Paper strip Computer-
' Full paper Yes covering treatment| ~ generated A B** A A
NEJM 2010 ; S
assignment randomization
Instantly Computer-
bl Full paper No generated generated B B** B A
NEM 2000 P S
randomization | randomization

*Risk of bias is expressed as A (low risk), B (moderate risk), C (high risk), and D (incomplete reporting leading to inability
to ascertain the underlying risk of bias). **None of the study could be double-blinded.

with divergences resolved by consensus (Ta-
ble 2). The primary end-point of the present
review was survival (hospital discharge).

Internal validity assessment

The internal validity of included trials was
appraised according to The Cochrane Col-
laboration methods, ie judging the risk for
selection bias (ie the bias due to the unbal-
anced enrolment of specific patient subsets
in one of the groups), performance bias (ie
the bias due to differences in the manage-
ment of patients or ancillary treatment, be-
yond the intervention object of randomized
allocation), attrition bias (ie the bias due to
incomplete follow-up or different length of
follow-up), or difference in number of with-
drawals), and reporting bias (difference be-

tween reported and unreported findings),
and expressed as low risk of bias (A), mod-
erate risk of bias (B), high risk of bias (C),
or incomplete reporting leading to inability
to ascertain the underlying risk of bias (D).
In addition, allocation concealment explic-
itly distinguished as adequate (A), unclear
(B), inadequate (C), or not used (D) (Table
1). Two independent and experienced re-
viewers (GL, GB-Z) appraised study quali-
ty, with divergences resolved by consensus.

Data analysis and synthesis

Binary outcomes from individual studies
were analyzed in order to compute indi-
vidual risk ratios (RR) with pertinent 95 %
confidence intervals (CI), and a pooled
summary effect estimate was calculated by

Table 2 - Overall characteristics of 3737 patients who received either Compression-only (1852 patients) or
Standard-CPR (1895 patients) for out of hospital cardiopulmonary resuscitation.

. q Call to
. Age | Compression- | Standard | Witnessed Standard
e e e e CPR arrest 00 CPR
arrival
Rea TD 2004-2009 | 1941 63 981 960 44 % 6,5 min | 15:2-30:5
Svensson L | 2005-2009 | 1276 67 620 656 100 % 10 15:2-30:5
Hallstrom | 1992-1998 | 520 68 251 279 58 % 4 15:2

N: Number of patients. CPR: CardioPulmonary Resuscitation. ALS: Advanced Life Support. Min: Minutes.
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32 citations retrieved
from database searches

Figure 1

Flow chart of the systematic review
process (RCT =randomized clinical
trial).

29 titles excluded
because non-relevant

3 Randomized Controlled Trials
finally included
in the systematic review

means of a fixed effects model. Statistical
heterogeneity and inconsistency was mea-
sured using, respectively, Cochrane Q tests
and I2. The risk of small study bias was not
assessed given the inclusion of 3 studies
only. Statistical significance was set at the
two-tailed 0.05 level. Computations were
performed with RevMan 5.0 (The Cochrane
Collaboration, Copenhagen, Denmark).

RESUILTS

Database searches, snowballing and con-
tacts with experts yielded a total of 32
citations (Figure 1). Excluding 29 non-
pertinent titles or abstracts, we retrieved
in complete form and assessed according
to the selection criteria 3 studies (13-15).
which were included in the final analysis.

Study characteristics

The 3 randomized controlled studies in-
cluded 3737 patients (1895 to chest-com-
pression-only and 1842 to the standard
CPR group) (Table 2). All studies were per-
formed in non-traumatic out of hospital pa-
tients and stated that the updated interna-
tional basic life support and advanced life
support guidelines were strictly followed.
All studies were of high quality (Table 1)

as testified by the details on the method
used for randomized sequence generation
and allocation, adequate allocation con-
cealment and low risk of selection, perfor-
mance, attrition and detection bias. One
study employed a multicenter design, a fea-
ture which does not strictly impact on in-
ternal validity, but usually increases exter-
nal validity of a trial. All studies reported
on mortality.

Quantitative data synthesis

Overall analysis showed that, in compari-
son to standard CPR, chest-compression-
only was associated to increased survival
at hospital discharge (211/1842 [11.5% ]| vs
178/1895 [9.4%], RR=1.24 [1.01-1.54],
p=0.04) (Figure 2). Similar results were
obtained at sensitivity analyses using ran-
dom-effect methods or risk differences (all
p<0.05).

Only one study (13) considered the favour-
able neurological outcome suggesting better
outcome in clinical subgroups of patients
receiving chest-compression-only.

DISCUSSION

Available evidence from randomized con-
trolled trials strongly supports the superior-
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Study or Subgroup Compression-only CRP  Standard CRP Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events  Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Hallstrom A et al. 2000 35 241 29 279 16.1% 1.46 [0.87,2.47]

Rea TD et al. 2010 122 981 105 960 57.8% 1.16[0.88, 1.52] — -
Svensson L et al. 2010 54 620 44 656 26.1% 1.33[0.88, 2.00] I
Total (95% Cl) 1842 1895 100.0% 1.24[1.01, 1.54] e

Total events 21 178

Heterogeneity: Chi2 = 0.73, df = 2 (P = 0.69); I? = 0% 05 07 15 2
Test for overall effect: Z = 2.04 (P = 0.04) Compression-only worse  Standard worse

Figure 2

Forest plot for the comparison of standard CPR vs compression-only CPR on hospital survival after

cardiopulmonary resuscitation.

ity of bystander-initiated compression-only
CPR, given that patients who experienced
out-of-hospital cardiac arrest could be
saved by limiting CPR to chest compres-
sion. These results are crucial to signifi-
cantly improve the first response to out-of-
hospital cardiac arrests, a worldwide major
public health problem.

Previous findings from observational stud-
ies in humans (11, 12, 16, 17) document-
ed that spontaneously performed (i.e., not
dispatcher instructed) compression-only
CPR was as effective as standard CPR. In
the SOS-KANTO study (10), including wit-
nessed cardiac arrests, compression-only
CPR resulted in a higher proportion of pa-
tients with a favourable neurological out-
come than standard CPR in patients with
apnoea, shockable rhythm and resuscita-
tion started within 4 minutes; ventilations
did not add benefits in any subgroup. On
the contrary, two recent nationwide obser-
vational studies (18, 19) conducted in Ja-
pan concluded that standard CPR should be
preferred in out-of-hospital cardiac arrests
of noncardiac origin, both in adults and in
children; in this group, the two CPR tech-
niques were similarly effective for arrests of
cardiac origin. Among the tree randomized
controlled studies included in this meta-
analysis, only one study (15) included pae-
diatric patients < 8 years old, but results of
this subgroup were not separately reported,;

the study by Rea et coworkers reported a
tendency towards a worse efficacy of com-
pression-only CPR than standard CPR in
cardiac arrests of noncardiac origin, and a
tendency towards a better efficacy in shock-
able rhythm and in rapid (< 6 minutes) re-
sponse by the Emergency medical System.
The results of the present meta-analysis
are consistent with the most recent obser-
vational study on 4415 cardiac arrests not
due to trauma or asphyxia, drug overdose
or drowning (20), in which a 5-years data
collection was accompanied by a statewide
public education campaign aimed to in-
crease bystander compression-only CPR. In
this study, the incidence of bystander-ini-
tiated CPR increased every year, as did the
proportion of compression-only CPR; more
importantly, overall survival increased sig-
nificantly over time. Overall survival to
hospital discharge was equal between the
no bystander CPR and the standard CPR
groups, while survival and neurological out-
come were significantly better in the com-
pression-only CPR group; compression-only
CPR resulted particularly effective when the
cardiac arrest was witnessed and presented
with a shockable rhythm. In 1128 patients
with cardiac arrest of presumed noncardiac
origin, not included in the study, survival
was lower and not different among the two
technique and no bystander CPR.

Several reasons could explain the best effi-
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cacy of chest compression-only CPR. It is
well documented that both interruptions of
chest compressions during ventilation and
positive -pressure ventilations have detri-
mental effects on survival rate (8). Oxygen-
ation and ventilation could be allowed - at
least initially- by passive ventilation during
chest compressions, by spontaneous gasp-
ing and by the lungs capacity to act as a res-
ervoir (21) In addition, compression-only
CPR is easier to teach, to remember and to
perform, and it does not require mouth-to-
mouth contact, so resulting in a better will-
ingness to start CPR by bystanders (20). It
is worth noting that in two of the three ana-
lyzed studies (13, 15) bystanders randomly
assigned to standard CPR were significant-
ly more likely to withhold CPR than callers
assigned to compression-only group.

Based on our findings, compression-only
CPR should be considered as the preferred
bystander CPR technique, even if ventila-
tions still have a crucial role in cardiac ar-
rests of presumed noncardiac origin (18),
in children (19) and when resuscitation is
started more than 4 minutes after the ar-
rest. (10). However, it should be consid-
ered that most victims of cardiac arrest are
adults, and the cause is cardiac in about 2/3
of cases (20).

The importance of ventilations in cardiac
arrests lasting more than 3-4 minutes is
more controversial, as two recent studies
in a porcine models reported contradictory
results (22, 23).

Likely laypersons training on CPR should
be simplified to privilege compression-only
CPR; in 2008 the American Heart Associa-
tion already recommended that untrained
bystanders should provide compression-
only CPR for adults with sudden cardiac
arrest (24). However, fatigue can be a rel-
evant problem decreasing the quality of
compressions and a change of CPR provid-
ers every one minute instead of every two
minutes has been suggested. (25)

CONCLUSIONS

Available evidence from randomized con-
trolled trials suggests that compression-on-
ly CPR is superior to standard CPR at least
when performed by untrained bystander.
These results have relevant implications on
teaching, and if adequately publicized they
should favour a crucial increase in the rate
of bystanders performed CPR.
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